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IV  THE  GROWTH  OF  THE  RATTLESNAKE

Introduction

Studies  of  the  body  lengths  of  rattlesnakes  sug-
gest  many  interesting  problems  of  growth.  For  example,
what  is  the  average  size  of  a  species;  what  is  the  length
at  birth,  at  maturity,  and  what  is  the  maximum  reached?
How  much  variation  is  there  in  a  brood,  or  a  less  homogen-
eous  group?  How  much  difference  is  there  between  subspe-
cies,  or  between  varieties  which  are  not  sufficiently  di-
vergent  to  warrant  subspecific  recognition?  Are  there
differences  between  the  sexes?  Is  there  a  generically
consistent  ratio  between  the  smallest  and  largest  indivi-
duals  of  the  same  species?  These  and  related  questions
may  be  investigated,  and  such  answers  secured  as  the  ma-
terial  at  hand  permits.  But  the  data  used  must  be  based
on  authentic  measurements;  in  no  phase  of  rattlesnake  life
have  there  been  more  wild  tales  and  exaggerations  than  in
connection  with  length.

There  are  three  episodes  in  the  life  of  a  snake
at  which,  if  average  lengths  can  be  determined,  interspe-
cies  comparisons  may  be  made.  These  are,  length  at  birth,
length  on  reaching  the  reproductive  stage,  and  ultimate
length.  Of  these,  the  length  at  birth  is  the  most  defin-
ite.  From  broods  we  may  secure  minimums  and  averages,
particularly  if  we  are  sure  that  the  measurements  were  made
immediately  after  birth.  Here  the  condition  of  the  rattle
will  give  some  indication  of  the  age  of  the  specimen;  if
the  prebutton  be  present  the  snake  is  but  a  few  days  old,
for  the  prebutton  is  lost  with  the  first  shedding.  But  we
must  be  sure  that  the  mother  has  not  been  too  long  in  cap-
tivity,  since  there  is  evidence  that  the  young  are  affected
by  unnatural  conditions,  and  we  must  avoid  freaks  which
will  distort  the  statistics.  When  juveniles  are  found  in
the  wild,  the  date  of  collection  will  be  of  interest,  as
the  age  may  roughly  be  determined  from  the  normal  time  for
the  birth  of  young  in  that  area.

The  length  on  entering  the  reproductive  stage  can
be  determined  from  the  minimum  lengths  of  females  contain-
ing  developing  eggs.  Data  thereon  are  not  easy  to  secure;
also  it  must  be  remembered  that  the  females  carry  eggs  for
almost  a  year  before  the  birth  of  their  broods,  and  these
young  mothers  grow  during  gestation.

As  to  the  ultimate  lengths,  we  must  choose  between
what  might  be  termed  average  large  adults  in  any  species,
and  record-breaking  individuals.  One  who  has  handled  many
snakes  notices  that  unusually  large  specimens  are  occasion-
ally  seen  in  every  species-  -adults  so  large,  compared  with
the  ordinary  run  of  the  species,  as  to  excite  comment.
Whether  these  giants  are  very  old,  or  are  merely  freaks
which  have  grown  to  large  size  through  exceptional  physiolo-
gical  or  ecological  conditions,  is  an  interesting  problem.



Size  is  a  matter  of  interest  to  the  general  public;
almost  the  first  inquiry  made  vrith  respect  to  any  species  of
snake  concerns  the  length  vhich  it  attains.  Likewise,  in
the  case  of  the  rattlesnakes,  size  is  of  some  practical  im-
portance  in  its  bearing  on  the  hazard  of  snake-bite,  for  the
larger  snakes  are  the  more  dangerous.  This  is  because  of
their  greater  quantity  of  venom  and  deeper-penetrating  fangs;
the  longer  reach  which  they  can  attain  in  a  strike;  the  in-
creased  weight  and  drive  behind  the  strike  (tending  to  force
the  fangs  through  interfering  clothing);  and  the  fact  that
they  are  likely  to  strike  somewhat  higher,  possibly  above
boots,  puttees,  or  other  leg  protection.

Within  a  species  which  inhabits  large  areas,  or
areas  of  widely  divergent  ecological  conditions,  there  will
be  fo\md  size  differences  which  may  be  insufficient  in  de-
gree  or  consistency  to  justify  subspecific  designation  (un-
less  accompanied  by  modifications  in  other  characters),  but
which  nevertheless  complicate  generalizations  with  respect
to  size.  Amongst  the  rattlesnakes  this  situation  frequently
occurs.  Thus  in  the  widely  ranging  Crotalus  viridis  viridis,*
the  prairie  rattlesnake,  we  find  a  progressive  decline  in
size  from  Montana  southward  through  Wyoming  and  Colorado  to
New  Mexico,  and  thence  westward  into  Arizona,  vhere  the  dif-
ferentiation  is  sufficient  to  warrant  recognition  of  the
stunted  subspecies  Crotalus  viridis  nuntius  .  In  C.v.
oreganus  .  the  reverse  is  the  case,  the  southern  California
specimens  growing  to  a  larger  size  than  those  in  Washington.
In  scutulatus  the  southern  Arizona  desert  specimens  are
larger  than  those  found  in  the  mountains  about  Prescott.
The  largest  specimens  of  cinereous  seem  to  be  found  in
southern  Texas;  nowhere  else  in  the  extensive  range  of  this
species  are  the  huge  six  footers  so  frequent,  if  indeed  they
occur  at  all.  And  thus  it  is  with  all  wide-spread  species-
statements  of  average  length  can  be  only  approximations
unless  territorially  defined.

Conditions  Affecting  Accuracy  of  Data

Generalizations  concerning  the  lengths  of  adult
snakes  must  be  made  with  caution  when  preserved  collections
constitute  the  basis  of  an  investigation.  Of  the  smaller
and  rarer  species  it  is  usually  the  practice  to  collect  and
preserve  every  available  individual,  and  therefore  museum
collections  are  likely  to  be  fairly  representative  of  popu-
lations  in  the  wild.  But  of  the  larger  species  it  must  be
recognized  that  in  collecting  there  is  often  a  conscious
discrimination  in  favor  of  the  smaller  specimens;  the  large
snakes  are  so  bulky  and  involve  such  difficulties  in  the
field  (in  their  requirement  of  large  containers  and  supplies
of  liauid)  that  they  are  rarely  preserved.  Thus,  a  collec-
tion  of  Crotalus  cinereous  will  seldom  reveal  the  average
adult  or  the  ultimate  size  to  which  this  species  grows  in
any  area.  Often  where  material  is  accumulated  jointly  for

*  This  species  was  referred  to  as  Crotalus  confluentus
confluentus  in  the  first  three  articles  in  this  series  (Occ.
Papers  S.D.Soc.Nat.Hist.  ,No.l,Aug.lO,1936)  .  Another  import-
ant  change  has  been  the  substitution  of  Crotalus  cinereous
for  Crotalus  atrox  as  the  name  of  the  western  diamond  rat-
tlesnake.  The  reasons  for  these  alterations  in  names  will
be  found  in  Trans.  S.  D.  Soc.  Nat.Hist.  ,  Vol.  8,  No.  20,  p.  194,1936.
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natural  history  and  zoological  collections,  there  is  a  de-
finite  selection  between  the  sizes,  the  larger  being  sent
alive  to  the  zoo  while  the  smaller  individuals  are  pre-
served  for  study  in  the  museum.

In  some  areas  long  persecution  may  noticeably  di-
minish  the  average  size  of  the  adults  of  a  species.  Old
settlers  in  certain  districts  state  that  rattlesnakes  do
not  grow  to  so  large  a  size  as  they  once  did;  and  this  may
not  always  be  an  exaggeration,  since  destruction  may  limit
the  size  reached.  An  example  outside  the  rattlesnake  field
is  the  size  of  the  alligators  in  many  areas  in  Florida  and
Louisiana;  here  it  seems  to  be  admitted  that  hunting  this
animal  for  its  hide  has  prevented  its  reaching  the  sizes
once  attained.

In  gathering  data  on  length,  measurements  made
immediately  after  a  specimen  has  been  killed,  but  before
it  has  become  hardened  in  preservative,  are  more  accurate
than  live  measurements  or  those  made  of  specimens  fully  set;
for  under  such  circumstances  the  muscles  are  completely  re-
laxed;  the  specimen  can  be  laid  along  a  rule  and  the  length
obtained  undistorted  by  curvature.

The  measurement  of  live  specimens  involves  some
difficulty,  particularly  with  large  individuals.  It  will
usually  take  two  persons  to  control  a  snake,  for  it  must  be
stretched  and  held  for  several  moments  until  the  muscles
become  tired  and  relaxation  takes  place,  so  that  an  accur-
ate  measurement  can  be  made.  With  some  experience  live
specimens  can  be  measured  with  an  individual  accuracy  of
about  3  per  cent  and  a  cumulative  accuracy  within  one  per
cent,  as  checked  by  groups  measured  first  alive  and  then
dead.

When  measurements  are  made  of  preserved  specimens
allowance  can  be  made  for  shrinkage.  A  measurement  of  30
specimens  of  C.v.  viridis  before  and  after  setting  in  alco-
hol,  indicated  an  average  shrinkage  of  1.9  per  cent.  Four-
teen  specimens  of  C.  cinereous  showed  a  shrinkage  of  1.5
per  cent.  Where  the  preserving  process  dries  and  hardens
the  material  more  than  alcohol,  greater  discrepancies  are
to  be  expected.  If  possible  a  coiled  specimen  should  be
stretched,  a  section  at  a  time,  if  necessary,  along  the
rule;  rolling  is  inaccurate.  Specimens  which  are  much  hard-
ened  and  contorted  in  preservation  can  be  measured  with
fair  accuracy  by  the  careful  application  of  a  flexible  wire
down  the  mid-dorsal  line.

Dimensional  data  from  skins  are  of  little  value,
most  of  the  great  exaggerations  of  length  being  based  on
stretched  skins.  It  is  well  known  that  up  to  50  per  cent
may  have  been  added  to  the  true  length  of  a  snake  when  the
remains  are  preserved  in  the  form  of  a  dried,  stretched
skin.  No  skin  measurements  have  been  used  in  the  determin-
ations  which  follow.

Having  pointed  out  some  of  the  difficulties  and
inaccuracies  involved  in  a  study  of  length,  we  now  proceed
to  an  investigation  of  the  statistics  of  about  8000  rat-
tlers,  many  of  which  were  measured  just  after  the  snakes
had  been  killed.



The  Curve  of  Growth  —  General

The  growth-curve  of  the  rattlesiiake  cannot  be  de-
termined  by  observation  of  caged  specimens,  for  our  studies
show  that  the  entire  life  cycle  is  seriously  distorted  by
captivity.  Most  rattlers  do  badly  in  captivity;  they  are
a  prey  to  self-imposed  starvation  and  to  disease;  and  even
when  they  apparently  thrive,  as  some  do,  rattle  studies  in-
dicate  that  they  do  not  follow  the  normal  growth-trend  of
the  wild.  The  artificial  temperature  and  food  conditions
of  the  reptile  house  affect  the  growth.

Thus  if  we  are  to  determine  the  normal  growth-
curve  we  must  obtain  our  data  by  considering  a  large  number
of  specimens  as  collected  in  the  field,  securing  from  each
snake  a  single  point  on  the  curve.  Also  our  material,  for
each  species  or  subspecies,  must  be  so  chosen  as  to  be  un-
distorted  by  variable  environments;  necessarily  the  speci-
mens  must  be  territorially  restricted.  We  must  treat  the
sexes  separately,  as  we  have  reason  to  believe  that  there
is  a  sexual  differentiation,  the  magnitude  of  which  it  will
be  desirable  to  ascertain.

Because  of  individual  and  family  variations,  the
curve  of  grov,th  of  a  species,  however  restricted  territori-
ally,  will  be  a  surface  generated  by  the  translation  of
some  changing  dispersion  curve.  This  curve  may  approximate
the  probability  curve,  or  normal  curve  of  error.  From  a
large  number  of  specimens  well  distributed  in  age  we  can
get  an  approximation  of  the  average  growth  trend;  this  is
the  backbone  of  our  surface.  From  other  large  series,  cap-
tured  at  the  same  time  and  place,  we  can  secure  a  cross
section  of  the  dispersion  surface  and  thus  determine  the
form  of  the  generating  curve.  The  latter  determination  may
be  complicated  by  the  overlapping  of  successive  life-
classes;  for  it  is  evident  that  as  the  adult  state  is
reached,  and  growth  declines,  the  dispersion  of  individual
variations  may  prevent  the  accurate  segregation  of  the
snakes  differing  in  age  by  only  a  year.  In  other  words
the  backbones  of  our  hypothetical  figures  representing
successive  year-groups  will  draw  nearer  together,  while  the
dispersions  represented  by  the  cross  sections  flatten  and
spread.

The  most  accurate  results  would  be  attained  if  we
could  secure  large  series  of  specimens  at  relatively  short
intervals  throughout  the  year.  This  is  impossible  amongst
the  rattlesr-iakes,  for  such  large  series  can  be  caught  only
at  two  seasons  —  when  the  snakes  are  entering  and  dispersing
from  hibernation.  At  other  times  they  are  so  well  scat-
tered  and  hidden  that  fev;  can  be  found.  Thus,  Mr.  C.B.
Perkins,  within  three  years  in  raids  on  dens  in  prairie-dog
towns  near  Platteville,  Colorado,  collected  over  300  prai-
rie  rattlesnakes  at  the  beginning  and  end  of  the  hibernat-
ing  season;  but  during  the  summer,  in  the  sam.e  and  contig-
uous  areas,  assiduous  collecting  produced  less  than  half  a
dozen  specimens.

In  our  studies  we  must  be  assured  that  the  series
considered  have  not  been  collected  by  some  m.ethod  that  has
been  selective  —  we  must  have  "run-of-mdne"  material.  This
precaution  is  especially  necessary  in  the  concentrated  col-
lections;  the  chronologically  continuous  series  will  usually
be  of  random  type,  although  sometimes  discrimiiiating  against
the  largest  specimens,  as  previously  m.entioned.  We  must



Table 5

STATISTICS OF RATTLESNAKE BROODS

*  1.  Born  dead.
2.  Killed  before  birth.
3.  Killed  or  measured  within

a  few  days  after  birth.

4.  Measured  from  a  week  to  two
months  after  birth.

5.  Possibly  more  than  one  brood.
6.  History  uncertain



also  be  sure  that  the  dates  represent  dates  of  preservation,
with  no  intervening  periods  of  captivity,  between  collection
and  preservation,  of  sufficient  duration  to  distort  the  re-
sult  by  aberrant  growth.

Coefficient  of  Variation  at  Birth

We  may  well  begin  our  investigation  with  a  study
of  broods.  Such  groups  should  contain  variations  which  are
solely  individual  or  sexual  in  character;  taken  as  units
they  should  naturally  eliminate  parental,  racial,  or  envi-
ronmental  variables.

In  Table  5  there  are  set  forth  certain  statistics
on  31  broods  of  rattlesnakes  totalling  320  individuals.
Attention  should  at  once  be  directed  to  the  fact  that  these
by  no  means  constitute  an  ideal  set  of  data.  For  truly  ac-
curate  studies  of  this  kind  we  should  have  available  a
large  number  of  broods,  measured  immediately  after  birth
and  born  to  mothers  which  have  been  in  captivity  only  a  few
days.  Under  such  circumstances  we  v/ould  have  conditions
closely  approaching  nature.  As  it  is,  we  find  that  some  of
these  broods  were  born  dead;  others  were  removed  from  dead
mothers;  and  still  others  were  not  measured  until  a  consid-
erable  time  after  birth.  The  mothers  had  been  in  captivity
for  unstated  periods.  Thus  these  broods  are  not  presented
as  indicating  normal  species  lengths  at  birth,  although  a
few  do  so  fairly  enough.  Not  only  are  the  averages  subject
to  question  but  the  minima  and  maxima  are  even  more  doubt-
ful.  Some  are  freaks  which  would  not  long  survive;  and  in
any  case  such  extreme  specimens  are  likely  to  give  an  inac-
curate  picture  of  group  dispersion.

But  the  coefficient  of  variation,*  as  shown  in  the
last  column  in  Table  5,  is  of  decided  interest  and  is  little
affected  by  the  conditions  which  detract  from  the  value  of
the  absolute  measurements.  For  instance,  this  coefficient
will  not  be  much  affected  by  the  date  of  measurement,  wheth-
er  before  or  after  natural  birth,  provided  the  brood  was  not
allowed  to  survive  so  long  that  differential  growth  began.
We  find  that  there  are  few  instances,  therein  the  coeffi-
cient  of  variation  exceeds  5  per  cent,  vvhich  cannot  be  ex-
plained  by  one  of  two  conditions:  either  there  was  too  long
an  interval  between  birth  and  measurement;  or  the  brood  is
a  small  pne  and  the  high  coefficient  is  produced  by  one  or
two  aberrant  individuals.  If  we  take  only  broods  of  8  or
more  individuals  and  omit  those  measured  more  than  a  week
after  birth,  we  have  an  average  coefficient  of  variation
(not  weighted)  of  3.5  per  cent.

Another  analysis  of  the  same  data  is  made  thus:
We  first  determine  separately  the  mean  length  of  each  brood,
following  which  each  specimen  is  given  a  rating  in  per  cent
of  the  mean  of  his  brood.  Another  way  of  putting  this  is
to  say  that  the  average  of  each  brood  is  considered  to  be  a
snake  100  mm.  long  and  the  hypothetical  length  in  mm.  of
each  individual  of  the  brood  is  determined  by  the  ratio  of
its  true  length  to  the  mean  of  that  brood.  Thus  the  lengths
are  reduced  to  a  comparable  basis  and  may  be  assembled  in  a

*  The  mean  divided  by  the  standard  deviation  expressed  as
a  percentage.



single  statistical  array.  By  this  method  we  determine  that
the  composite  coefficient  of  variation  of  these  31  broods
of  320  young  rattlesnakes  is  4.5  per  cent.  With  this  com-
bined  array  we  are  at  once  impressed  with  the  presence  of
certain  aberrant  specimens,  particularly  stunted  individuals;
which  affect  the  result  out  of  all  proportion  to  their  num-
ber.  If  we  eliminate  the  four  most  outstanding  (and  un-
doubtedly  defective)  little  snakes,  the  remaining  316  have
a  coefficient  of  variation  of  3.8  per  cent.  If  we  go  still
further  and  drop  out  the  9  smallest  and  2  largest  specimens
the  coefficient  is  reduced  to  3.3  per  cent.

Based  on  all  of  these  data  I  think  it  safe  to  con-
clude  that  the  coefficient  of  variation  of  most  natural
broods  will  run  below  4  per  cent.

The  coefficient  of  variation,  while  frequently
applied  in  statistical  work  as  a  measure  of  dispersion  (it
is  often  called  the  coefficient  of  dispersion)  ,  is  not  es-
pecially  easy  to  visualize.  In  the  present  instance  the
following  figures  will  serve  to  amplify  the  statement  of
dispersion  implied  in  this  coefficient.  I  have  assumed  that
the  dispersion  follows  the  normal  curve  of  error,  which  is
later  shown  to  be  approximately  the  case.

Coefficient  Limiting  range  Limiting  range  of
of  variation  of  half  the  spec-  nine-tenths  of  the
in  per  cent  imens  in  per  cent  specimens  in  per

of  the  average  cent  of  the  average

4  97.3  to  102.7  93.4  to  106.6
3.5  97.6  to  102.4  94.2  to  105.8
3  98.0  to  102.0  95.1  to  104.9
2.5  98.3  to  101.7  95.9  to  104.1
2  98.6  to  101.4  96.7  to  103.3

To  interpret  these  figures  further  let  us  assume
that  4  per  cent  is  a  safe  figure  to  use,  as  seems  to  be  in-
dicated  by  the  data  previously  developed.  Then  in  a  brood
(of  C.  ruber  ,  let  us  say)  averaging  300  mm.  in  length,  half
the  specimens  will  fall  between  292  and  308  mm.,  while  90
per  cent  will  probably  be  no  shorter  than  280  mm.,  nor
longer  than  320.  This  gives  a  more  complete  picture  of
likely  variations  than  a  statement  of  minimum,  average,  and
maximum,  since  the  latter  statement  affords  no  idea  of  how
closely  the  individuals  cluster  about  the  mean,  and  depends
too  much  on  freak  specimens.  Thus  we  note  a  rather  impres-
sive  constancy  of  size  in  broods  of  young  rattlers.

I  have  previously  shown*  that  there  is  a  positive
correlation  betv.een  the  size  of  a  female  rattlesnake  and
the  number  of  her  brood.  It  has  been  suggested  hy  Mr.  R.M.
Perkins,  of  the  £t.  Louis  Zoo,  that  smaller  broods  average
larger  in  individual  size.  This  is  a  correlation  which
might  well  be  investigated,  but  at  present  there  are  not
available  a  sufficiently  large  number  of  broods  from  the
same  species  and  locality,  measured  under  uniform  conditions,
to  prove  the  point.  The  fev;  Montana  broods  of  viridis  indi-
cate  a  positive  correlation  between  the  size  of  a  brood  and
the  average  size  of  the  young  comprising  it,  v.hich  is  con-
trary  to  the  opinion  expressed  by  Perkins.  But  admittedly

*  0cc.Pap.S.D.Soc.Nat.Hist.,No.l,p.l6



the  data  are  too  few  to  be  conclusive.  This  part  of  the
problem  must  await  the  availability  of  adequate  material.

The  correlation,  if  any,  betv.een  the  size  of  the
mother  and  the  size  of  the  offspring  vould  likewise  be  an
interesting  problem.  Possibly  external  factors,  such  as
food  availability  during  gestation,  would  tend  to  mask  the
results.

In  Table  5  we  observe  a  difference  in  the  average
lengths  of  broods  from  a  single  locality,  even  though  mea-
sured  immediately  after  birth.  This  is  parental  or  genetic
variation,  as  opposed  to  racial  or  territorial  variation,
such  as  would  be  found  between  broods  from  different  areas.
A  study  of  the  variation  in  such  averages  must  also  await
more  material.  But  a  closely  allied  investigation  can  be
made  by  comparing  the  coefficients  of  variation  of  broods
with  those  of  miscellaneous,  but  territorially  homogeneous,
groups  of  young.  Of  this  type  we  have  available  data  on
four  lots  totalling  602  young  snakes.  These  are  as  follows:

(1)  A  collection  of  82  Crotalus  molossus  nigre  -
scens  from  La  Colorada,  Zacatecas,  secured  by  Messrs.
Hobart  K.  Smith  and  David  H.  Dunkle.  Some  of  these  were
born  alive  and  were  preserved  within  a  day  or  so  after
birth,  the  prebuttons  being  still  present;  the  rest  were
nearly  ready  for  birth.

(2)  The  San  Patricio  collection  of  139  Crotalus
cinereous  .  These  v.ere  born  to  several  mothers  collected  in
the  vicinity  of  San  Patricio,  Texas,  and  were  sent  to  me
alive  by  Hiram  J.  Yoder.  They  were  born  about  August  15  to
20,  and  were  measured  September  29  to  October  2.

(S)  The  Pierre,  S.D.,  collection  of  152  young
Crotalus  viridis  viridis  sent  to  me  through  the  courtesy
of  A.K.  Jackley  and  Dr.  H.K.  Gloyd.  They  were  collected  at
dens  in  October  and  were  preserved  in  late  December,  or
early  February.  They  received  water  but  no  food  while  in
captivity.

(4)  The  Platteville,  Colo.,  collection  of  229
juvenile  C.v.  viridis  .  sent  me  by  C.B.  Perkins.  Most  of
them  were  collected  in  raids  on  dens  in  early  October  and
were  preserved  about  a  month  later.  A  few  were  collected
at  the  dens  in  spring  (mid-April)  and  were  preserved  In
early  May.

The  raw  data  of  these  broods  are  presented  in
Table  6,  and  the  calculated  statistics  in  Table  7.  Of  par-
ticular  interest  is  the  coefficient  of  variation.  This
shows  an  increase  (compared  with  the  figure  of  3.5  per  cent
averaged  by  the  separate  broods)  to  5  for  the  groups  of
broods,  and  to  3  or  8^  for  the  collections  resulting  from
den  raids.  The  first  increase  of  If  per  cent  may  be  con-
sidered  attributable  to  parental  heterogeneity,  which  in
turn  iTiay  be  either  genetic,  environmental,  or  both.  The
additional  increase  from  5  to  3^  results,  I  believe,  from
the  differential  growth  between  birth  and  preservation.
Certainly  we  may  expect  that  differences  of  inheritance  and
of  luck  in  securing  food,  will  become  increasingly  manifest
as  the  young  snakes  roam  abroad  prior  to  hibernation.  It
must  also  be  remembered  that  they  are  not  all  of  exactly
the  same  age;  probably  as  much  as  a  m.onth  may  elapse  in  any



Table 6
LENGTHS OF YOUNG RATTLESNAKES

Number of Specimens In each Length-Class
(Segregated by Sexes)

Table 7
STATISTICS OF YOONG RATTLESNAKES

* Expressed in terms of the
standard, not probable,
error of the difference



area  between  the  birth  of  the  first  and  last  broods.  On  the
other  hand  there  will  be  one  contrary  factor  tending  to  cur-
tail  dispersion,  namely  the  elimination  of  the  defective
specimens  which  do  not  long  survive  but  which  were  included
in  the  broods.

Shape  of  Dispersion  Curve  at  Birth

The  extent  of  the  dispersion  in  length  of  young
rattlesnakes  having  been  determined,  we  proceed  to  an  in-
vestigation  of  the  nature  of  the  dispersion  curve.  The  chi-
square  test*  for  closeness  of  fit  to  the  normal  probability
curve  was  applied  with  the  following  results:

Group  P

Zacatecas  nlgrescens  0.51
San  Patricio  cinereous  O.64
Pierre  viridis  0.77
Platteville  viridis  0.01
Composite  broods  0.25

This  tabular  statement  means  that,  in  the  ciner  -
eous  case  for  instance,  if  we  had  other  random  selections
from  the  same  population  to  test  and  the  dispersion  were  in
fact  normal,  the  closeness  of  fit  to  the  normal  curve  of
these  new  samples  would  be  no  better  or  would  be  worse  than
was  found  in  our  particular  sample,  in  64  cases  out  of  100.
Thus  the  odds  are  strongly  in  favor  of  the  distribution  be-
ing  really  normal.  Even  in  the  case  of  the  composite  broods
the  odds  of  1  out  of  4-  lii  favor  of  normality  are  by  no  means
excessive,  although  some  of  the  assumptions  made  in  securing
composite  results  render  this  less  conclusive  than  the  first
three  groups.

It  is  only  in  the  case  of  the  Platteville  series
that  we  find  no  evidence  to  suggest  a  normal  distribution.
Here  (see  Table  6)  the  mode  is  smaller  than  the  mean;  the
rise  to  a  maximum  frequency  is  abrupt  in  the  smaller  sizes
with  a  gradual  falling  off  toward  the  larger.  The  cause
of  this  divergence  from  a  normal  distribution  is  not  known;
It  may  result  from  the  specimens  having  been  kept  so  long
in  captivity  prior  to  measurement,  thus  permitting  difler-
ential  growth.  It  is  not  the  result  of  the  beginning  of
sexual  dimorphism.  It  is  true  that  the  females  taken  alone
show  a  value  for  P  of  0.04,9,  which  is  a  distinctly  closer
approach  to  a  normal  distribution  than  the  composite  curve
of  both  sexes.  But  the  male  value  of  P  is  0.0018;  in  this
curve  there  is  a  sharp  early  peak  with  a  gradual  slope  to-
ward  the  larger  sizes.  However,  we  do  not  believe  that  this
single  group,  kept  for  a  rather  long  time  in  captivity,  and
partially  the  result  of  autumn  and  partly  of  spring  collec-

*  For  a  discussion  of  the  chi-square  test  for  closeness  of
fit  see  such  statistical  texts  as  Fisher,  Statistical  Meth-
ods  for  Research  Workers,  Fourth  Edition,  1932,  p.  80;
Mills,  Statistical  Methods,  1924,  p.  543;  Pearl,  Introduc-
tion  to  Medical  Biometry  and  Statistics,  Second  Edition,
1930,  p.  315;  Yule,  An  Introduction  to  the  Theory  of  Sta-
tistics,  Tenth  Edition,  1932,  p.  370;  Davenport  and  Ekas,
Statistical  Methods  in  Biology,  Medicine  and  Psychology,
Fourth  Edition,  1936,  p.  47.
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tions,  is  of  importcince  in  controverting  the  evidence  of  the
other  groups,  which  indicates  that  the  distribution  of  the
sizes  of  rattlesnakes  at  birth  closely  approaches  the  normal
curve  of  error.

Sexual  Dimorphism  at  Birth

Of  the  31  broods  available,  the  males  average
larger  in  17  and  the  females  in  14.  This  is  a  difference
slightly  in  favor  of  the  males  but  by  no  means  convincingly
significant.  A  composite  study  of  the  broods,  by  the  meth-
od  of  equalizing  averages,  shows  a  small  male  superiority.

Referring  to  Table  7  it  will  be  noted  that  in  the
Platteville  group  of  young  viridis  there  is  a  significant
difference  in  length  between  the  males  and  females.  In  the
other  three  groups  the  difference  is  below  the  -level  of  sig-
nificance.*

It  will  be  noted  that  while  in  the  case  of  the
Zacatecas,  San  Patricio,  and  Pierre  groups  the  average  dif-
ference  between  the  males  and  fem.ales  is  not  significant  the
difference  in  each  instance  is  in  favor  of  the  males.  Cumu-
latively  this  adds  weight  to  the  difference.

By  the  method  of  determining  the  length  of  each
young  snake  as  a  percentage  of  the  mean  of  his  group,  so
that  several  groups  may  be  combined,  we  find  that  the  com-
bined  significance  between  the  sexes  of  the  Zacatecas,  San
Patricio,  and  Pierre  series  is  1.89,  which  means  that  there
are  only  about  6  chances  in  100  that  the  result  is  due  to
chance  and  is  not  a  real  difference.  The  length-ratio  of
the  average  female  to  the  average  male  is  -98.7  per  cent.
I  therefore  conclude  from  all  of  these  data  that  juvenile
male  rattlesnakes  average  slightly  larger  than  females,  the
difference  being  only  about  one  per  cent.

One  point  remains  to  be  mentioned:  V.'hile  the  de-
viation  of  any  individual  from  the  mean  of  his  brood  is  as
likely  to  be  above  the  mean  as  below,  most  extreme  devia-
tions  are  below.  That  is,  stunted  or  dwarfed  specimens
occur  at  birth,  but  not  giants;  variants  falling  10  per
cent  below  the  mean  are  more  often  encountered  than  those
exceeding  the  mean  by  an  equal  am^ount.

*  There  is  some  non-uniformity  in  statistical  texts  as  to
the  level  of  significance  assumed  in  cas^s  such  as  this.
Usually  the  figure  3  is  taken  as  the  lower  level  of  signi-
ficance;  but  some  statisticians  base  their  conclusions  on
the  difference  of  the  means  divided  by  the  probable  error
of  the  difference,  while  others  divide  by  the  standard  error
of  the  difference.  These  are  quite  different  levels,  for  a
ratio  of  3  using  the  probable  error  is  only  e^iuivalent  to  a
ratio  of  2  using  the  standard  error  (2.0235  to  be  exact).
Using  2  and  the  standard  error  there  are  4.55  chances  in
100,  or  1  in  £2,  that  the  difference  is  the  result  of  chance
in  sampling,  rather  than  a  real  difference  in  the  popula-
tions.  With  a  ratio  of  3  (again  using  the  standard  error)
the  chance  is  only  1  in  370.  I  will  usually  consider  2  as
the  lower  level  of  significance  on  a  basis  of  the  standard
error  of  the  difference.
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The  Dispersion  of  Size  Among  Young  of  the  Year

We  have  now  completed  a  survey  of  the  nature  and
extent  of  variations  In  length,  and  also  of  sexual  dimor-
phism  of  Juvenile  rattlers  before  and  during  their  first
hibernation.  Before  passing  to  consideration  of  the  curve
of  growth  (the  backbone  of  the  growth  surface)  it  will  be
advisable,  in  the  interest  of  clarity,  to  continue  the  in-
vestigation  of  the  same  factors  amongst  these  young  rat-
tlers  during  their  first  spring.  Beyond  this  stage  of  life
we  cannot  proceed  by  year-classes,  for  in  the  second  year
the  young  adults  have  become  so  variable  in  size,  through
the  effects  of  genetic  and  environmental  factors,  that  they
can  no  longer  be  segregated  with  certainty  from  the  three-
year-olds.  As  we  cannot  be  sure  we  have  a  single  year-
class  under  consideration  it  is  Impossible  to  determine  the
dispersion  by  age-classes.

But  in  the  first  spring  when  the  young  snakes  are
about  6  months  old  they  can  be  quite  readily  segregated  from
the  next  older  group  aged  ij  years  (especially  if  the  number
of  rattles  is  used  as  an  additional  check)  and  hence  these
may  well  be  investigated.

As  I  have  stated,  our  material  must  be  distribut-
ed  chronologically,  yet  it  must  be  territorially  homogen-
eous  to  avoid  the  effects  of  incipient  racial  diflerentia-
tion.  A  series  of  C.v.  oreganus  collected  in  San  Diego
County,  California,  comes  nearest  to  fulfilling  the  require-
ments,  there  being  available  189  young  of  the  year  collected
from  March  to  June  inclusive.  The  statistics  of  these
young  snakes,  grouped  by  months,  are  presented  in  Table  8.

Upon  these  results  the  following  comments  are
pertinent:  Differential  growth  has  become  effective;  the
coefficient  of  variation,  which  averaged  below  4  per  cent
in  the  broods  and  from  5  to  8^  per  cent  in  the  groups  of
recently  -born  young,  now  ranges  from  10  to  17  per  cent  (13
to  16  with  the  sexes  combined)  and  averages  14  per  cent.
V/hlle  the  difference  in  length  between  the  males  and  the
females  is  still  statistically  below  what  is  usually  taken
as  the  level  of  significance,  nevertheless  the  males  are
longer  in  each  case  and  the  sexual  differentiation  is  on
the  increase  as  the  snakes  grov.-  older.  The  average  differ-
ence  in  favor  of  the  males  is  slightly  over  3  per  cent.

There  is  not  a  sufficient  number  of  specimens
available  in  any  one  month  to  determine  the  adherence  of
the  dispersion  to  the  normal  probability  curve.  However,
we  find  the  average  rate  of  growth  of  these  young  snakes
to  be  16  mm.  per  month.  Using  this  figure  we  may  calculate
the  hypothetical  length  of  each  snake  as  of  May  first.  For
the  entire  lot  of  189  specimens,  thus  adjusted,  we  find  a
combined  coefficient  of  variation  of  15  per  cent.  The  chl-
square  test  for  closeness  of  fit  to  the  normal  curve  gives
P=0.11  which  Indicates  a  fair  chance  that  the  true  curve  of
this  population  of  adolescents  is  normal.  The  curve  in  our
particular  sample  is  slightly  flatter  than  the  normal  curve.

As  a  rough  check  on  this  analysis  we  have  assumed
those  Plattevllle  rattlers  having  complete  rattle  strings
of  from  4  to  6  segments  to  represent  a  sample  of  the  adol-
escent  population,  about  8  months  older  than  the  oreganus
group  previously  discussed.  The  coefficient  of  variation

13



00
a>
H
,Q
CO

E-t

Ui

(0ti<0)
UO
>l
ol

g
o
s

O

!3

o
ca
oH
to
M
EH
<JJ
H



of  this  group  is  found  to  be  only  7.4  per  cent  compared
with  15  per  cent  in  the  San  Diego  County  oreganus.  I  be-
lieve  the  difference  is  partly  the  result  of  the  ecologi-
cally  more  complex  area  inhabited  by  oreganus  ,  the  fact
that  the  viridis  specimens  are  more  concentrated  chronolo-
gically,  and  finally  the  method  of  selecting  the  viridi  s
specimens,  which  elim.inates  some  of  the  extreme  individuals,
for  the  rattles  are  not  always  a  trustworthy,  age  indicator.

It  is  my  conclusion  from  these  two  sets  of  date
that  a  population  of  young  rattlers  from  a  single  area  at
the  age  of  eight  months  (a  part  of  which  has  been  spent  in
hibernation)  has  a  coefficient  of  variation  of  10  to  12  per
cent.

The  Growth  Curve

The  determination  of  the  average  growth  curve,
the  backbone  of  the  growth  surface  to  v/hich  reference  has
been  made,  is  best  surveyed  by  purely  graphical  methods.
The  data  available  from  a  single  species  of  rattlesnake
from  a  single  area  are  found  too  limited  to  permit  an  ana-
lytical  attack.

The  San  Diego  County  C.v.  oreganus  specimens
again  provide  our  best  set  of  data,  for  while  larger  series
are  available  from  some  other  areas,  they  are  not  so  v;ell
distributed  chronologically.  Of  the  oreganus  series  there
are  496  specimens  of  all  ages,  with  collection  dates  fairly
well  distributed  throughout  the  year,  although  the  spring
is  better  represented  than  the  other  seasons.

The  data  of  these  specimens  were  entered  upon
cross-section  paper,  each  specimen  being  indicated  by  a
single  point,  the  length  in  millimeters  being  the  ordinate
of  that  point  and  the  date  of  measurement  the  abscissa.
If  the  snake  retained  a  complete  set  of  rattles  the  point
was  designated  by  the  number  of  rattles  in  the  string;  if
the  string  was  incomplete  the  coordinate  vas  indicated  by
a  cross.  The  sexes  were  distinguished  by  colors,  and  in
order  further  to  render  the  data  representative  of  a  homo-
geneous  group,  the  mountain  specimens  were  indicated  by  a
separate  color.  Thus  we  have  some  500  points  upon  our
chart,  many  of  which  are  numbered.  At  once  it  is  found
that  these  points  are  not  entirely  uncoordinated  in  their
distribution;  on  the  contrary  they  cluster  in  zones.

In  particular  it  is  noted  that  trends  are  moder-
ately  definite  during  the  first  ten  months  of  the  life  of
the  snake.  Subsequent  thereto,  partly  because  rattlers  of
the  particular  age-class  under  consideration  are  less  often
captured,  and  partly  because  of  the  increasing  dispersion
in  size  previously  discussed,  there  is  difficulty  in  trac-
ing  the  trend.

It  may  be  observed  that  size  variations  in  any
group  are  related  to  the  variations  in  habitat  conditions
in  the  territory  occupied  by  that  group.  In  other  words,
there  is  an  increasing  coefficient  of  variation  of  the  di-
mensions  at  any  single  age  as  we  spread  outward,  first  from
a  single  family  of  rattlers  to  a  group  inhabiting  a  re-
stricted  territory,  and  thence  further  to  a  population  in-
habiting  a  larger  area,  especially  if  that  wider  territory
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contains  a  considerable  variation  in  habitat  conditions.
San  Diego  County  is  an  area  of  ecological  complexity,  but
as  oreganus  is  not  found  in  the  desert  and  is  rare  in  the
desert  foothills,  the  full  effect  of  habitat  variation  is
not  demonstrated  in  the  subspecies  here  investigated.  How-
ever,  there  are  a  number  of  mountain  specimens  available
and  these,  having  a  considerably  shorter  active  season,  are
born  somewhat  later  and  mature  more  slowly  than  those  from
the  valleys  and  foothills.  It  should  not,  however,  be  as-
sumed  that  a  shorter  growing  season  necessarily  means  a
smaller  ultimate  size.  There  are  other  factors,  obscure  or
indeterminate,  which  have  counterbalancing  Influences.  Thus
it  cannot  be  length  of  seasonal  activity  which  causes  C.v.
viridis  to  grow  larger  in  Montana  than  eastern  Colorado,  or
C.  mitchellii  pyrrhus  in  southern  California  to  exceed  the
subspecies  C.m.  mitchellii  in  southern  Baja  California;
based  on  this  factor  alone  a  contrary  result  would  be  ex-
pected.

On  the  whole,  the  study  of  the  average  curve  of
growth  —  the  backbone  of  the  growth  surface  —  has  not  pro-
duced  the  certainty  of  result,  even  for  the  first  year  of
life,  which  I  had  been  led  to  expect  from  a  casual  observa-
tion  of  many  specimens;  for  analysis  has  not  shown  the
close  adherence  to  size  classes  that  was  once  thoaght  to
exist.  Starting  with  a  group  coefficient  of  variation  of
5  per  cent  at  birth  (which  does  indicate  a  high  degree  of
consistency)  ,  it  has  been  shown  that  this  increases  to  10
to  12  per  cent  by  the  following  spring.  Beyond  this  a
further  dispersion  is  indicated.  Also  there  may  be  off-
season  births  which  would  further  confuse  the  record,  for
there  are  certainly  off-season  matings.*  The  result  is
that  the  curve  is  difficult  to  fix  with  accuracy.

Fig.  3  represents  a  simplified  and  generalized
curve  of  growth  of  C.v.  oreganus  .  the  Pacific  rattlesnake,
in  southern  California.  It  was  prepared  in  part  from  the
chart  of  500  San  Diego  County  specimens  previously  men-
tioned,  reinforced  by  more  fragmentary  data  from  other
areas.  Certain  conclusions  on  questionable  points  have
been  verified  from  the  chronologically  concentrated  groups
of  other  subspecies  resulting  from  the  den  raids,  particu-
larly  the  Platteville  and  Pierre  series  of  C.v.  viridis  .

Summarizing  the  life  history  of  oreganus  .  we  find
that  the  young  rattlesnakes  are  born  between  the  middle  of
September  and  the  20th  of  October,  most  of  them  in  this
territory  during  the  first  few  days  of  October.  At  birth
they  average  about  275  mm.  in  length,  the  variation  being
from  255  to  530  mm.

Within  a  few  hours,  or,  at  most,  a  few  days  after
birth,  the  initial  rattle,  which  we  have  called  the  prebut-
ton,  is  shed  with  the  first  skin-  shedding,  leaving  exposed
the  first  permanent  rattle  (the  button)  which  is  retained
until  such  time  as  the  string  may  be  broken.

These  young  rattlers  go  into  hibernation  toward
the  end  of  November,  the  time  no  doubt  depending  upon  the

*  Our  nearctic  species  normally  mate  in  the  spring  but  Wood,
Copeia  1933,  p.  85  and  Taylor,  Copeia  1935,  p.  154  report
summer  matings.
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climatic  conditions  during  their  first  year  of  life.  In
this  area,  at  least  in  the  lower  altitudes,  they  evidently
do  not  den  together  in  large  aggregations,  nor  do  they  have
fixed  dates  of  going  into  and  coming  out  of  hibernation,
such  as  characterize  the  activities  of  rattlesnakes  in
colder  climates.  On  the  contrary  they  seek  seclusion  more
or  less  individually  in  holes  and  rock  crevices,  and  are
likely  to  issue  temporarily  from  hibernation  whenever  the
winter  weather  is  propitious.  At  the  time  the  young  rctt-
tlers  go  into  hibernation  in  their  first  winter,  they  aver-
age  about  320  mm.  in  length,  and  in  some  instances,  probab-
ly  influenced  by  their  success  in  obtaining  food,  a  few
have  changed  their  skins  again  and  have  thus  acquired  their
second  rattles.  The  average  growth  between  birth  and  ini-
tial  hibernation  is  45  mm.,  or  about  16  per  cent.

In  the  spring,  although  an  occasional  stray  is
captured  as  early  as  January  or  February,  most  of  them  are
not  regularly  abroad  until  about  the  tenth  of  March.  From
then  until  the  middle  of  June  they  are  extremej.y  active  and
at  this  time  the  juveniles,  searching  about  for  food,  are
captured  in  the  greatest  numbers.

Studies  of  the  Platteville  series  indicate  that
there  is  a  considerable  loss  of  weight  during  the  hibernat-
ing  season,  but  practically  no  increase  in  length.  In  San
Diego  County,  the  Pacific  rattlesnake,  under  less  arduous
winter  conditions,  shows  a  slight  average  increase  in
length  during  the  hibernating  season,  so  that  by  the  time
the  young  rattlers  have  come  out  in  mid-March,  they  have
reached  an  average  length  of  340  mm.  A  few  exceed  400  mm.
From  this  time  until  the  end  of  June  the  growth  seems  to  be
quite  constant  and  is  rapid.

By  mid-April  many  of  the  specimens  have  attained
their  second  rattles  and  a  few  their  third,  although  those
which  still  have  a  single  rattle  are  by  no  means  absent.
At  this  time  the  average  length  approximates  370  mm.  By
the  end  of  May  they  have  gro^.Ti  to  4'wO  mm.;  two  rattles  have
become  the  mode,  and  there  are  more  with  three  than  with
one.  By  the  first  of  July  the  young  snakes  have  reached
an  average  length  of  420  mm.,  and  most  of  them  have  three
rattles.  In  Juj.y  and  August,  and  until  the  end  of  the  year,
there  is  a  distinct  falling  off  in  the  number  caught,  since
the  snakes  have  largely  become  nocturnal,  and  we  cannot
draw  our  conclusions  with  the  same  certainty.  There  are
indications,  however,  that  upon  the  first  anniversary  of
their  births  the  snakes  have  reached  an  average  length  of
530  mm.,  and  most  of  them  have  four  or  five  rattles,  this
being  their  status  in  late  September.  Thus  during  their
first  year  of  life  these  rattlers  have  nearly  doubled  in
length;  and  as  their  weight  curve  has  been  calculated  to
be  W  =  550L^*^,  where  V7  is  the  weight  in  grams  and  L  the
length  in  meters,  we  find  that  the  bulk  has  increased  nine
fold.  The  skin  has  been  changed  3  or  4  times  in  addition
to  the  birth-change.

Shortly  after  this  time  the  adolescent  snakes  go
into  their  second  hibernation.  Following  their  issuance
from  this  hibernation  in  March,  we  trace  their  course  with
difficulty,  although  somewhat  aided  by  analogy  with  other
species  which  have  likewise  been  investigated.  By  the  first
of  May,  most  of  them  have  six  ratt±es  ,  and  the  length  close-
ly  approximates  630  mm.  By  July  seven  rattles  have  become
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the  mode,  and  at  the  time  they  pass  their  second  birthday
most  of  them  have  reached  a  length  of  300  mm.,  and,  were
their  rattle  strings  complete,  would  have  about  nine  seg-
ments .

Sexual  dimorphism  in  size  is  now  considerable,
for  it  begins  to  be  quite  evident  at  the  7th  rattle.  The
snakes  have  now  reached  young  maturity,  and  thereafter  the
growth  is  much  slov;er;  and,  as  the  rattle  strings  are  rarely
complete,  the  acquisition  of  additional  rattles  is  mere
guess  work,  although  presumed  to  continue  at  the  rate  of  3
or  4-  per  year.  However  there  is  evidence  that  skin  changes
are  somewhat  less  frequent  when  body  growth  has  become  less
rapid.  The  first  mating  takes  place  in  the  follov/ing  spring
when  they  are  2^  years  old,  and  the  females  bear  their  first
young  when  three  years  old.  The  maximum  length  reached  by
this  subspecies  is  about  1370  mm.  (54-  in.)  although  most
adults  are  considerably  shorter.  The  maiority  of  adult
males  run  from  about  950  to  1150  mm.  (37|  to  45  in.)  and  the
females  from  830  to  1000  mm.  (32^  to  39^  in.)

Similar  investigations  made  on  ruber  and  luca  -
sensis  check  our  determination  of  the  life  cycle  of  ore  -
ganus  .  when  allowance  is  made  for  the  somewhat  larger  size
of  the  first  two  species.  Juveniles  of  ruber  are  relative-
ly  difficult  to  obtain  for  some  obscure  reason.  But  adol-
escents  are  common  and  frequently  have  complete  rattle
strings.  Some  mile-posts  in  the  life  cycle  of  ruber  are
as  follows:  they  are  born  about  September  20th  with  an
average  length  of  300  mm.;  mid-April,  length  430  mm.,  2
rattles;  mid-July,  length  610  mm.,  4-  rattles;  in  raid-summer
one  year  later  350  mm.,  7  rattles.

Size  Distribution  in  a  Population  of  Rattlesnake  s

The  Platteville  series  of  358*  C.v.  virldis  af-
fords  the  most  trustworthy  view  which  we  have  of  a  cross
section  of  a  rattlesnake  population  at  a  specific  time.
The  circumstances  surrounding  the  collection  of  this  mater-
ial  by  C.B.  Perkins  are  well  known;  there  was  no  conscious
discrimination  in  the  sizes  of  snakes  collected.

Fig.  4-  presents  a  histogram  of  the  size  distribu-
tion  in  this  population,  which  is  representative  of  this
subspecies  as  it  exists  in  northeastern  Colorado  at  the  time
of  hibernation.  The  summary  is  by  50  mm.  increments;  it  was
found  that  dividing  into  smaller  groups  tended  to  cause
fluctuations  obscuring  the  distribution.

V/e  note  first  the  quite  definite  division,  al-
ready  mentioned,  between  the  juveniles  and  the  next  older
class.  In  fact  there  are  only  4^  specimens  falling  between
330  and  4^0  mm.;  hence  we  may  arbitrarily  set  4-00  mm.  as
the  limit  of  the  Juveniles  and  the  allocation  of  only  1  or
2  specimens  out  of  353  will  be  subject  to  question.  But
the  segregation  of  the  adolescents  from  the  adults  is  much
more  difficult  because  of  the  increased  disnersion  in  length
already  demonstrated,  and  the  decreasing  rate  of  growth.
We  may  assume  that  the  dip  at  6  50-699  mm.  constitutes  the
remnant  of  the  division  which  a  year  before  was  evident  at

*  Excluding  3  siimmer  specimens.
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400  mm.;  but  it  is  almost  obliterated  because  the  larger
yearlings  have  overhauled  the  lagging  tvo-year-olds,  and  we
can  no  longer  allocate  the  specimens  in  this  range  with  ac-
curacy.  V.'ere  the  dip  more  pronounced,  and  the  overlap
smaller  in  proportion  of  total  specimens,  it  would  be  poss-
ible  to  make  a  tentative  segregation  by  assuming  both
groups  to  follow  an  approximately  normal  distribution,  and
thus  calculate  the  tails  of  the  intersecting  curves.  Under
the  circumstances,  however,  the  overlap  is  too  broad  to
justify  any  conclusions  which  might  be  drawn  from  such  a
calculation.

Sexual  Dimorphism  in  the  Adult  Stage

The  proportionate  distribution  of  the  sexes  indi-
cated  in  Fig.  4,  is  of  interest,  especially  as  showing  the
deviations  in  the  several  size  groups  from  the  average  sex
ratio  of  55f  per  cent  males.

It  is  to  be  noted  that  even  amongst  the  juveniles
the  males  are  beginning  to  outstrip  the  females  in  size;
above  800  mm.  the  miale  predominance  is  strongly  in  evidence.
The  largest  male  is  1015  mm.,  the  largest  female  only  863
mm.  If  we  take  the  entire  population  above  400  mm.,  thus
including  both  adolescents  and  adults,  we  find  the  males  to
average  712.0  ±4.17  mm.,  and  the  females  674.1  i  3.64  mm.
The  difference  is  37.9  T  8.2,*  or  nearly  five  times  its
standard  error;  thus,  among  the  adults  (even  when  diluted
by  the  adolescents)  there  is  a  highly  significant  differ-
ence  in  length  between  the  sexes.  The  coefficients  of  var-
iation  of  this  group  are  as  follows:  males  15.9  per  cent;
females  13.7  per  cent;  sexes  conbined,  15.2  per  cent.
These  figures  are  important  as  indicating  the  dispersion  in
the  subadult  and  adult  population  of  a  territorially  homo-
geneous  group.

If  we  were  able  to  segregate  the  adults  from  the
adolescents,  they  would,  by  themselves,  show  a  greater  sex-
ual  dimorphism,  with  a  difference  betv/een  the  sexes  ap-
proaching  ten  per  cent.  Thus,  if  we  make  an  arbitrary  di-
vision  at  600  mmi.  (instead  of  at  400  mm.,  as  in  the  previous
calculation)  v/hich  tends  to  drop  out  most  of  the  adolescents
and  possibly  a  few  stunted  adults  as  well,  we  find  that  the
length  ratio  of  the  females  to  the  males  falls  to  0.915.
This  is  probably  close  to  the  true  adult  length  ratio  in
this  subspecies.

It  may  seem  that  I  have  neglected  an  obvious  line
of  investigation  by  failing  to  check  the  specimens  with,  com-
plete  strings  of  5  rattles,  for  most  of  these  are  no  doubt
adolescents,  and  fromi  these  we  ought  to  be  able  to  determine
the  sex-length  ratio  for  an  adolescent  population.  As  a
matter  of  fact  this  v/as  done,  but  at  once  evidence  came  to
light  that  some  of  the  5-rattle  snakes  were  two  year  old
adults,  rather  than  adolescents,  12.6  per  cent  of  the  fe-
males  being  gravid.  There  are  indications  that,  during  the
period  of  a  snake's  life  when  growth  is  rapid,  i.e.  the
juvenile  and  adolescent  stages,  skin  changes  are  in  part  a

*  I  use  the  sign±  with  the  probable  error,  and  =F  with  the
standard  error,  following  the  method  of  Davenport  and  Ekas,
op.  cit.,  p.  36.
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function  of  size  rather  than  being  dependent  exclusively  on
time  or  age.  In  other  words  a  snake  changes  his  skin  when
it  is  outgrown  rather  than  at  fixed  periods.  This  nulli-
fies  any  attempt  to  segregate  adolescents  exclusively  by
the  rattle  segments.

As  a  verification  of  these  conclusions  with  re-
spect  to  sexual  dimorphism  we  may  investigate  a  series  of
C.  lucasensis  collected  in  the  vicinity  of  Cape  San  Lucas,
Lower  California,  by  Capt.  Fred  Lewis.  In  this  series
there  was  no  conscious  selection  of  sizes  and  therefore  no
unconscious  discrimination  betvieen  sexes.  Also,  the  col-
lection  was  made  in  the  early  spring,  before  the  females
become  less  accessible.*  Our  studies  of  the  grov/th  curve
of  lucasensis  indicate  that  this  snake  goes  into  its  second
hibernation  with  an  approximate  length  of  650  mm.  To  avoid
including  any  extra  large  adolescents  we  assume  a  dividing
line  between  adults  and  adolescents  at  700  mm.,  the  few
specimens  falling  between  650  and  750  mm.  indicating  this
to  be  a  natural  division  point.  Above  this  we  find  we  have
the  following  distribution:

Total  -  162  110

The  difference  in  distribution  is  visually  evi-
dent.  The  average  lengths  are:  m.ales,  1054.6  d=  5.6;  fe-
males,  918.8  ±5.0.  The  difference  is  135.3  T  11.7,  which
is  highly  significant.  The  length  ratio  of  the  average  fe-
male  to  the  average  male  is  0.87.  Hence  there  is  no  ques-
tion  as  to  the  superioritj'  in  size  of  the  males  in  this
group  of  adult  lucasensis  .  The  coefficients  of  variation
of  these  snakes  are  as  follov.'s:  males,  10.8  per  cent;  fe-
males,  3.3  per  cent.  Here  we  have  a  reduced  dispersion  in
this  purely  adult  group  luite  comparable  to  the  dispersion
in  the  groups  of  young.  This  indicates  that  age  is  not  an
important  factor  in  increasing  dispersion  after  the  adult
stage  is  reached;  in  other  woros  there  is  no  higher  disper-
sion  in  a  group  of  adults  comprising  several  age-classes
than  in  rapidly  growing  adolescents  comprising  a  single  age
class.  This  situation  may  in  part  result  from  the  competi-
tive  elimination  of  the  smaller  and  weaker  adolescents.

*  For  a  discussion  of  sex  ratio  and  the  differential  sea-
sonal  activity  of  the  sexes,  see  Occ  .Pap.No.l,  of  this
series,  p.  11.
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As  to  the  shape  of  the  curve  of  these  two  distri-
butions  the  results  are  conflicting.  The  female  distribu-
tion  is  close  to  normal,  P  being  about  0.7.  The  male  dis-
tribution,  on  the  other  hand,  is  flat-topped,  /^^  being  2.68
and  P  less  than  0.01.  A  somewhat  platykurtic  distribution
would  be  expected  if  the  adult  population  were  made  up  of
successive  age-classes,  each  having  an  approximately  normal
distribution,  but  exceeding  the  next  age  class  slightly  in
average  length.  It  is  my  opinion  that  such  is  the  case,
but  these  data  do  not  definitely  prove  it.

It  is  also  interesting  to  note  that  the  largest
male  (1258  mm.)  is  19  per  cent  longer  than  the  average  male;
while  the  longest  female  (1127  mm.)  is  23  per  cent  longer
than  the  average  female.  The  large  female  is  the  more  unu-
sual  of  the  two;  a  snake  of  this  length  would  occur  only
once  in  286  specimens  on  the  average,  assuming  a  normal
distribution.  A  male  to  be  as  unusual  woL:ld  be  1361  mm.
long.

It  may  be  of  further  interest  to  generalize  upon
the  probability  of  occurrence  of  large  specimens  in  an  adult
population.  Assuming  a  normal  distribution  and  a  10  per
cent  coefficient  of  variation,  15.9  per  cent  of  the  popula-
tion  should  be  10  per  cent  or  more  above  average  size;  6.7
per  cent  should  be  at  least  15  per  cent  oversize;  2.3  out
of  each  100  should  be  at  least  20  per  cent  oversize;  6  in
a  thousand  25  per  cent,  and  13  in  ten  thousand  30  per  cent
or  more  oversize.  Of  course  these  calculations  are  based
on  homogeneous  populations.  One  cannot  judge  the  probable
distribution  of  very  large  sized  cinereous  in  Texas  based
on  data  accumulated  in  Arizona.  I  am  of  the  opinion  that
when  much  more  extensive  series  are  at  hand  than  have  been
available  to  me,  it  will  be  found  that  exceptional  speci-
mens  occur  somewhat  more  frequently  than  ;vould  be  expected
with  a  normal  distribution,  as  there  is  evidence  that  the
upper  "tail"  of  the  curve  of  size  distribution  is  slightly
prolonged.

Continuing  the  sex-length  ratio  investigation
further,  we  have  determined  the  sex-length  ratio  in  several
other  forms  of  which  relatively  large  numbers  of  adults  are
available.  V*'e  have,  however,  made  a  further  restriction  by
taking  only  territorially  homogeneous  groups,  in  order  to
avoid  possible  aberration,  such  as  would  occur  if  there
were  a  territorial  size  differentiation  v/ithin  a  species,
and  a  large  proportion  of  one  sex  were  available  from  one
area,  and  a  preponderant  number  of  the  other  sex  from  an-
other.  In  each  ixistance  we  have  made  the  segregation  be-
tween  adults,  which  are  included  in  the  computation,  and
the  adolescents,  which  are  excluded,  at  approximately  the
length  of  the  smallest  females  carrying  eggs.  This  method
tends  to  favor  whichever  sex  is  in  reality  the  smaller,
since  it  will  exclude  more  of  the  smallest  adults  of  that
sex,  and  correspondingly  include  more  of  the  largest  adoles-
cents  in  the  other.  Thus,  this  method  of  computation  equal-
izes  the  sexes  to  a  slight  degree,  and  the  true  sex-length
ratios  are  lower  than  are  here  determined.  The  results  are
set  forth  in  Table  9.

It  is  observed  that,  with  the  exception  of  cer  -
astes  ,  the  females  are  smaller,  the  F/M  ratio  falling  be-
tween  84.6  and  93.6  per  cent,  with  an  average  of  89  per
cent.  There  is  no  doubt  'that  in  most  species  of  adult
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rattlesnakes  the  males  exceed  the  females  in  length  by
about  ten  to  tv/elve  per  cent.  Before  investigating  the  pe-
culiar  deviation  in  cerastes  it  will  be  well  to  see  if
there  are  other  species  in  which  the  femi^les  are  of  super-
ior  size.

Table  9  shows  not  only  the  average  size  superior-
ity  of  the  males,  but  also  their  superiority,  in  numbers  in
these  representative  populations,  a  fact  to  which  attention
has  been  directed  before.  It  is  necessary  to  recall  the
reasons  for  the  larger  numbers  of  tne  males,  since  it  would
otherwise  be  thought  that  the  limit  in  size  used  in  select-
ing  these  groups  had  been  set  lov-  enough  to  include  all  the
adult  males  but  not  all  the  adult  females.  This  is  only
slightly  the  case;  as  has  been  shovm  in  Section  II  of  this
series,  the  greater  number  of  males  in  collections  is  due
partially  to  an  actually  greater  number  in  the  population
to  the  extent  of  probably  ten  per  cent,  and  a  difference  in
activity  (partly  seasonal)  which  leads  to  m.ore  males  being
captured.

To  continue  our  investigation  into  other  species
we  select  the  larger  Individuals  available,  comparing  the
averages  of  the  ten  largest  of  each  sex.  V-Tiere  large  ser-
ies  are  at  hand,  vdth  the  sexes  nearly  e.iual  in  numbers,  or
represented  in  approximately  the  sam.e  ratio  as  found  in  na-
ture,  this  will  give  a  fairly  valid  comparison.  Hov/ever,
if,  in  our  available  data,  either  sex  grec^tly  outnumbers
the  other  it  will  be  unduly  favored,  since  the  larger  the
number  of  specimens  the  closer  to  the  upper  limit  v/ill  be
the  ten  specimens  taken  as  representative.  In  such  a  case
the  representation  of  the  overabundant  sex  has  been  reduced
by  first  selecting  at  random  a  group  of  specimens  equal  in
number  to  those  available  of  the  other  sex,  after  which  the
ten  largest  of  each  of  these  equal  groups  are  taken.  VTiere
less  than  ten  full  sized  adults  are  available  in  either
sex,  the  other  has  been  correspondingly  reduced  by  random
selection.

The  results  of  this  investigation  are  presented
in  Table  10.  V.Taile  this  table  gives  a  moderately  reliable
index  to  the  sex-length  ratio  in  each  species,  especially
when  there  have  been  available  at  least  10  large  adults  in
each  sex,  as  indicated  in  the  first  column,  it  should  not
be  given  particular  significance  beyond  this  point.  Except
in  the  case  of  the  smaller  species,  and  then  only  where
large  numbers  of  adults  are  available,  the  table  is  not
satisfactory  for  interspecies  comparisons;  for,  as  has  been
pointed  out,  the  larger  species  are  not  fairly  represented
in  collections  by  large  individuals;  and  thus  the  average
figures  are  likely  to  be  distorted  downwards.  In  the  case
of  three  subspecies  showing  considerable  territorial  varia-
tion,  C.v.  viridis,  C.v.  oreganus  ,  and  C.v.  nuntius,  terri-
torially  restricted  series  are  employed;  the  first  two
where  they  reach  their  maximum  development  in  size,  and  the
last  in  the  area  around  V.'inslow,  Ariz.,  vihere  this  subspe-
cies  shows  the  greatest  differentiation  from  its  parent
form.

In  every  instance  but  one,  where  anything  ap-
proaching  a  representative  series  of  adults  is  available,
the  superior  length  of  the  males  is  again  evident.  Once
more  cerastes  is  conspicuous  in  its  deviation.  In  this
species  not  only  do  the  ten  largest  females  exceed  in  size
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the  corresponding  males,  but  the  largest  specimen  is  a  fe-
male,  which  is  most  unusual.

To  check  the  validity  of  this  deviation  we  con-
sider  all  available  adult  specimens.  In  cerastes  the  di-
vision  between  adolescents  and  adults  is  at  about  400  mm.
Falling  above  this  limit  we  have  135  males  and  38  females,
which  may  be  presumed  to  be  adults.  These  h^^ve  been  anal-
ysed  with  the  following  results:  males  average  495.5  i  3.8
mm.j  females  523.1  ±  4.5  miii.;  the  difference  is  27.8=F  3.7.
Thus,  the  difference  is  3.2  times  its  standard  error,  which
is  significant,  for  there  is  only  one  chance  in  727  that
this  result  is  fortuitous.  As  a  further  check  the  avail-
able  specimens  were  divided  into  groups  by  county  areas,
and  in  each  area  the  females  averaged  longer  than  the  males.
We  therefore  conclude  that  in  C.  cerastes  ,  contrary  to  the
condition  existing  in  any  other  species  of  rattlesnake,  the
females  reach  a  larger  size  than  the  males,  the  average
adult  female  being  105.6  per  cent  of  the  adult  male.  The
coefficients  of  variation  of  these  adult  cerastes  are,  m-ales
13.1  per  cent;  females  11.9  per  cent.  Whether  this  surpris-
ing  deviation  of  the  sidewinder  from  the  male  superiority,
which  seems  to  be  characteristic  of  the  rattlesnakes,  is  in
anyv/ay  correlated  with  the  desert  habitat  of  the  species
and  the  peculiar  method  of  locomotion  which  has  resulted
therefrom  I  am  not  prepared  to  say.  This  locomotion  is  the
other  outstanding  peculiarity  in  which  the  species  differs
from  its  congeners.

It  is  observed  from  Table  10  that,  with  the  ex-
ception  of  cerastes  ,  those  species  represented  by  not  less
than  ten  adults  of  each  sex  have  female  to  male  length-
ratios  of  from  71  to  98  per  cent.  The  mean  of  these  group
ratios  is  85  per  cent,  and  I  am  of  the  opinion  that  this
figure  fairly  represents  the  difference  betv,-een  the  largest
males  and  females.  This  difference,  by  the  way,  cannot  be
accounted  for  by  the  increased  length  of  tail  of  the  males,
as  compared  to  the  females,  for  this  longer  tail  accounts
for  only  2  per  cent  out  of  the  total  difference  of  15  per
cent.  All  groups  except  cinereous  with  71,  and  nigrescens
with  93  per  cent  fall  betv.een  77  and  94  per  cent,  which
probably  approach  the  true  limiting  figures.  The  cinereous
and  nigrescens  ratios  have  been  affected  by  particular  col-
lections.

The  groups  with  less  than  10  adults  are  not  suffi-
ciently  representative  to  give  assured  results.  Certainly
polystictus  .  the  only  species  besides  cerastes  showing  a
female  superiority,  is  not  to  be  considered  a  proven  devia-
tion  like  the  latter,  since  the  available  material  is  en-
tirely  inadequate.

It  will  be  observed  that  the  inferiority  of  the
ten  largest  females  in  corriparison  with  the  males  as  set
forth  in  Table  10  is  more  marked  than  the  corresponding
figures  for  entire  adult  populations  as  shown  in  Table  9.
This  proves  again  that  sexual  dim^orphism  in  size  increases
with  gro'.-th,  so  that  the  most  pronounced  difference  is
found  in  the  largest  specimens.

Rattlesnake  Lengths  —  Interspecies  Comp  a  risons

We  now  return  to  a  general  survey  of  the  rat-
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Table 11
DATA ON RATTLESNAKE LENGTHS (in

Known to have been born alive and omitting probable freaks.
Where large specimens have not been properly represented in my series.Female; in all other cases the largest measured individual was a male.
Of the order, say, of the average of the 3 largest males in a group of 100 adults;

in the case of cerastes the largest are females.Montana only (where the subspecies attains its maximum developme.Tt) .
Winslow area only (where the subspecies is most typical) .Southern California only (where the subspecies attains its maximum development).



tlesnake  measurements  available,  comprising  in  excess  of
3000,  to  determine  such  landmarks  as  we  may,  concerning  the
size  at  birth,  at  maturity,  and  the  ultimate  length  reached
by  the  several  species  and  subspecies.  The  accumulated
data  are  presented  in  Table  11.

First  there  is  shown  the  smallest  specimen  actu-
ally  measured,  provided  it  is  known  to  have  been  born  alive,
and  is  not  evidently  a  freak.  The  data  are  fairly  complete
but  in  a  few  instances,  where  relatively  few  juveniles  have
been  available,  it  has  been  clear,  both  from  the  rattle  and
date  of  capture,  that  even  the  smallest  specimen  is  consid-
erably  larger  than  the  probable  normal  size  at  birth.  The
next  column  gives  the  probable  normal  size  at  birth,  based
on  all  available  broods  or  juveniles,  together  with  data  on
the  general  character  of  the  species.  As  has  been  set
forth  in  Table  5,  considerable  deviations  from  these  figures
are  to  be  expected,  not  only  in  aberrant  individuals,  but
in  brood  averages  as  well.  This  is  especially  the  case  if
the  mothers  have  been  long  in  captivity.

In  the  next  column  of  Table  11  we  present  rather
fragmentary  information  on  the  minimum  size  of  females
found  to  contain  eggs  or  embryos.  Y'here  adequate  series
have  been  available  this  gives  a  fair  indication  of  the
lower  limit  of  adult  size.  It  must  be  remembered,  hov;ever,
that  the  young  females  carry  their  first  eggs  for  some  9
months  (including  3  to  6  months  of  hibernation  in  most  spe-
cies)  while  still  at  an  age  of  fairly  rapid  grov/th.  In
general  the  smallest  gravid  females  have  a  length  of  about
60  per  cent  of  the  large  males  and  67  per  cent  of  the  larg-
er  females.  They  are  about  2  to  2^  times  their  own  length
at  birth.

Table  11  also  sets  forth  the  diirensions  of  the
largest  specimens  which  I  have  had  available  for  measure-
ment.  In  a  few  instances,  particularly  with  respect  to  the
largest  species,  such  as  adamanteus  ,  durissus  ,  and  ciner  -
eous  ,  I  have  not  had  access  to  very  large  individuals,
since  they  are  seldom  preserved,  and  therefore  I  have  sup-
plemented  my  own  records  with  maximums  reliably  reported
by  others,  as  shown  in  the  next  column.

In  every  species  or  subspecies,  except  tv.-o,  the
largest  individual  proved  to  be  a  male.  Only  cerastes  and
polystictus  deviated  from  this  rule.  The  former  is  a  real
exception,  as  has  already  been  fully  discussed;  of  the  lat-
ter  I  have  not  had  access  to  a  fully  representative  series.

The  largest  rattlesnakes  are  C.  adamanteus  ,
C.  cinereous  ,  and  C.  horridus  atricaudatus  .  The  first  of
these  is  reputed  to  reach  a  length  of  2440  mm.  (8  ft.);
the  others  somewhat  less.  I  have  not  personally  measured
any  of  these  monsters.  It  is  possible  that  some  of  the
published  records  were  based  on  skins.  The  following  are
recent  comments  on  maximum  lengths  by  well-known  dealers  of
long  experience:

C.  adamanteus.  "In  the  past  12  years  I  have  been  in
business  we  have  collected  a  little  over  25,000
eastern  diamond-back  rattlesnakes  and  the  largest
specimen  that  I  have  personally  measured  alive
was  7  ft.  3  in.,  weighing  15  lb.  This  was  truly  a
big  snake  and  looked  9  ft.  to  the  average  person.
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We  have  a  standing  av.-ard  of  $100.00  offered  to  any-
one  who  will  deliver  to  as  a  Florida  diamond-back,
dead  or  alive,  measuring  8  ft.  I  advertised  this
two  years  ago  in  all  the  newspapers  of  the  state
and  as  yet  no  one  has  brought  one  in.  A  great  many
skins  have  been  brought  in  measuring  that  length,
but  of  course  a  skin  is  not  accurate."  E.  Ross
Allen,  Silver  Springs,  Florida,  by  letter  March  3,
1937.  It  should  be  noted  that  Dr.  R.L.  Ditmars  has
recorded  specimens  in  excess  of  3  ft.

C.h.  atricaudatus  .  "The  largest  canebrake  rattlesnake
that  I  recall  measuring  was  6  ft.  2  in.  We  get
persistent  reports  of  rattlesnakes  over  3  ft.
long,  but  unfortunately  I  have  never  been  able  to
verify  any  of  them.  I  have  a  photograph  of  an
8  ft.  skin,  but  this  probably  means  a  6  ft.  snake."
Percy  Viosca,  New  Orleans,  Louisiana,  by  letter
March  1,  1937.

C.  cinereous  .  "Checking  through  my  records  I  find  that
specimen  No.  J-6223  received  at  our  farm  on  July  6,
1926,  measured  7  ft.  5  in.,  exclusive  of  the  rat-
tie.  Its  circumference  v;as  15.2  in.,  weight  24  lb.
Without  a  doubt  this  is  the  largest  western  diamond-
back  ever  captured,  and  considering  the  fact  that
we  have  been  in  business  for  more  than  34  years  and
in  that  time  have  never  encountered  a  larger  speci-
men,  it  may  be  reasonably  assumed  that  this  species
never  measures  over  8  ft.  in  length.  The  average
of  the  larger  specimens  varies  from  6  ft.  4  in.  to
6  ft.  10  in."  V,'.A.  King,  Jr.,  Brownsville,  Texas,
by  letter  March  6,  1937.

The  smallest  rattlers  are  C.  willardi  and  S.m.
miliarias  .  Probably  these  rarely  attain  a  length  of  610
miri.  (24  in.)  .

In  addition  to  these  exceptional  specimens.  Table
11  gives,  for  each  species,  the  length  of  what  might  be
termed  a  "large"  adult  male;  that  is,  one  out  of  the  ordi-
nary,  but  not  so  large  as  to  be  freakish  —  say  the  average
of  the  upper  2  to  4  per  cent  of  the  adult  male  population.
v;ith  due  regard  for  territorial  variations,  these  figures
are  somewhat  more  useful  than  those  comprising  the  maximum
specimens  which  have  happened  to  come  under  my  observation.
However  these  are  judgment  figures  and  no  more  is  claimed
for  their  accuracy  than  the  term  implies.

One  conclusion  which  may  be  drawn  from  the  mea-
surements  at  birth  and  maturity  is  that  the  larger  species
have  a  greater  proportionate  growth  than  the  smaller.  For
instance,  it  will  be  noted  from  Table  11  that  the  ratio  of
a  large  adult  male  to  an  average  juvenile  at  birth  in
klauberi  is  3.44;  in  ruber  it  is  4.67.  In  cerastes  the
ratio  is  3.60;  in  oreganus  4.37.  These  are  all  species  of
which  large  numbers  of  individuals  of  all  ages  have  been
available  for  study.  'Vhile  the  ratios  may  not  be  exactly
correct  there  is  no  doabt  of  the  fact  that  there  is  propor-
tionately  less  difference  in  length  between  the  juveniles
of  the  several  species  than  between  the  corresponding
adults,  for  the  juveniles  of  the  largest  species  are  about
twice  the  size  of  the  juveniles  of  the  smallest,  while  the
adults  are  three  times  as  large;  thus  there  is  a  greater
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growth  in  the  larger  species  from  birth  to  maturity.  The
same  is  true  of  subspecies;  stunted  races  are  proportionate-
ly  not  as  sraall  at  birth  as  at  maturity.  Stunting  is  in
part  effective  in  the  post-natal  stage  and  Is  not  the  re-
sult  of  a  uniform  reduction  from  fertilized  egg  to  maturity.

In  Table  11  the  ratios  between  the  average  dimen-
sions  at  birth  and  the  "large"  adult  size  are  not  given,
since  these  ratios  were,  to  a  certain  extent,  "  employed  in
determining  the  two  terminal  sizes,  where  a  large  series  of
specimens  was  not  available.  Hence  to  cite  these  ratios  as
a  calculated  conclusion  would  give  an  inaccurate  idea  of
the  validity  of  the  statistics  presented.

Len;^th  as  an  Indicator  of  Age

Whetner  snakes  grow  continuously  throughout  life
or  whether  each  individual  reaches  a  maximum  size  (for  that
individual)  and  tiien  stops  grov;ing,  as  do  birds  and  mammals,
does  not  seem  to  be  definitely  ki:iown.  After  they  reach  the
adult  state,  snakes  may  grov/  continuously  until  death,  al-
though  much  more  slowly  than  during  the  first  tv/o  or  three
years  of  life.  This  question  I  propose  to  discuss  further
under  the  rattle  section  of  this  statistical  study.  Assum-
ing  that  there  is  continuous  growth,  and  therefore  correla-
tion  between  age  and  length  during  the  adult  stage,  it  has
naturally  been  asked  whether  unusually  long  snakes  are  not
therefore  correspoxidingly  old,  and  whether  age  cannot  be
judged  from  length.  To  this  question  our  studies  of  varia-
tion  do  give  a  definite  answer:  age  cannot  be  accurately
determined  from  length  after  the  adult  state  is  reached,
and  the  largest  snakes  are  not  necessarily  the  oldest.

This  is  shown  by  the  fact  that  no  peaks  were  evi-
dent  in  the  size  histogram  beyond  the  adolescent  stage,
thus  indicating  that  individual  variation  masks  age.  But
we  can  make  the  analysis  more  definite.

We  find  from  rattle  studies  that  in  advancing
from  11  to  14  complete  rattles  (which  probably  represents
a  year  in  the  life  of  a  snake  beginning  at  age  Z)\  years)
the  average  male  lucasensis  grows  from  about  1080  to  11S3
mm.,  an  increase  of  43  mm.  We  now  make  two  assumptions,
both  of  v,rhich  favor  the  determination  of  age  by  size:  we
assume  a  grovrth  in  the  following  year  of  43  mm.  (tnere  is
evidence  that  it  is  less)  ;  and  we  assume  that  each  age-
class  is  distributed  as  to  size  in  accordance  with  the  nor-
mal  curve  of  error  (there  is  evidence  that  the  actual  curve
is  somewhat  flatter)  .  We  have  already  fouzid  that  the  coef-
ficient  of  variation  of  a  single  age-class  is  at  least  7
per  cent  in  youth  and  there  is  every  reason  to  believe  that
this  increases  rather  than  decreases  with  age,  just  as  it
has  been  shown  to  increase  from  the  juvenile  to  the  adoles-
cent  stage.  Nevertheless  we  assume  that  the  coefficient  of
variation  of  a  single  age-class  of  adults  is  7  per  cent.
V/ith  this  variation  the  snakes  of  an  age-class  averaging
1123  mm.  will  have  the  distribution  1123  dc  53,  that  is,
half  of  them  will  vary  between  1070  and  1176  mm.,  one  quar-
ter  will  be  stroller  than  1070  and  the  remainder  larger  than
1176  mm.  The  snakes  one  year  older  will  average  43  mm.
larger  (with  the  favorable  assumption  that  has  been  made)
and  the  distribution  will  be  1166  i  55  mm.  Thus  more  than
one  quarter  of  the  younger  snakes  will  be  longer  than  the
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average  size  of  the  next  older  year  class.  In  general,  in
a  series  of  overlapping  normal  probability  curves  where  the
separation  of  successive  peaks  is  less  than  half  the  inter-
quartile  range  of  one  curve,  it  can  be  shov?n  that  the
chance  of  properly  allocating  a  single  individual  to  its
true  year-class  is  less  than  one  in  two.

Thus  increased  length  is  more  likely  to  be  the
result  of  individual  variation  than  of  increased  age,  even
under  these  favorable  assumptions;  and  I  conclude  that  mere
size  is  not  of  itself  a  definite  indication  of  great  age.

Variations  within  a  Subspecies

One  who  has  had  the  occasion  to  handle  large  num-
bers  of  snakes  from  various  regions  soon  becomes  convinced
that  there  are  size  differences  even  within  a  subspecies  —
that  the  snakes  from  some  areas  average  larger  than  from
others.  In  certain  instances  these  differences  are  quanti-
tatively  so  great  that  they  justify  subspecific  differen-
tiation,  especially  if  validated  by  modifications  in  other
characters  as  well.  A  typical  example  is  C.v.  nuntius,
especially  in  the  immediate  vicinity  of  7,'inslow,  Arizona;
these  snakes  have  differentiated  from  the  obviously  parent
form,  C.v.  viridis  ,  not  only  in  size,  but  in  color  and  lepi-
dosls.

Herpetologists  have  not  been  as  ready  to  accept
mere  size  as  a  character  justifying  subspecific  separation
as  have  mammalogists  and  ornithologists  because  of  the  lack
of  consistency  in  size  (high  coefficient  of  variation)
amongst  adult  reptiles  as  compared  to  the  mammals  and  birds.  <
This  may  result  in  part  from  a  presumed  continued  growth  in
the  reptiles  after  the  adult  state  is  reached.

I  do  not  suggest  a  change  in  this  non-recognition
of  mere  size  as  a  subspecific  differential,  although  separ-
ation  may  be  justified  in  some  extreme  island  or  other  iso-
lated  forms.  However  I  do  think  it  worth  while  to  demon-
strate  that  these  size  differences,  which  might  be  consid-
ered  only  unfounded  opinions,  actually  occur  in  closely
contiguous  populations;  for  they  can  be  proved  real  and
significant,  if  sufficiently  large  population  samples  be
available.  This  is  the  beginning  of  racial  differentiation,
vrhich  may,  through  subsequent  divergence  and  isolation,  be-
come  specific.

This  type  of  incipient  territorial  variation  may
be  demonstrated  by  a  study  of  the  Platteville  and  Pierre
series  of  C.v.  viridis  .  Here  the  differences  would  not  be
apparent  were  there  only  a  few  specimens  to  compare.  But

*  As  an  example  of  the  consistency  in  length  in  a  series
of  adult  mammals,  measurements  of  body  length  (exclusive  of
tail)  v;ere  secured  on  98  male  and  93  female  kangaroo  rats
(  Pipodoruys  merriami  simiolus  )  from  the  vicinity  of  La
Puerta,  San  Diego  Co.,  Calif.  These  are  in  the  collection
of  the  San  Diego  Society  of  Natural  History.  The  coeffi-
cients  01  variation  are:  males  4.95  per  cent;  femoles  5.27
per  cent.  These  results  are  to  be  compared  v.dth  3  to  14
per  cent  in  an  adult  population  of  rattlers.  Thus  these
rats  adhere  more  closely  to  the  mean  tho-n  do  the  snakes.
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good  series  are  available  from  both  places,  there  being  861
and  732  individuals  respectively.  These  two  populations
are  so  similar  that  even  the  veriest  "splitter"  would  con-
sider  them  identical;  yet  even  in  these  groups,  separated
by  about  370  miles  of  prairie  and  living  in  ecological  sur-
roundings  not  widely  dissimilar,  differentiation  has  al-
ready  begun,  not  only  in  length  but  in  other  characteris-
tics  as  well.

Table  12  presents  some  of  the  principal  landmarks
of  length  in  these  two  series  of  snakes.  It  will  be  seen
that  in  these  criteria,  without  exception,  the  snakes  of
the  Pierre  series  are  larger  than  the  Platteville.

In  this  table  the  juvenile  and  adolescent  groups
are  again  divided  at  4.00  mm.  as  was  done  before  with  the
Platteville  series  alone.  While  it  might  be  consistent  to
divide  the  Pierre  series  at  a  slightly  higher  figure,  say
430  mm.,  this  would  result  in  transferring  only  2  males
and  2  females  to  the  Juveniles  from  the  adolescents,  and
the  change  in  the  averages  would  be  negligible.  The  main
point  is  that  there  is  a  natural  break  in  both  series  be-
tween  380  and  440  mm.,  so  that  there  is  almost  no  confusion
between  juveniles  on  the  one  hand,  and  adolescents  plus
adults  on  the  other.

That  the  Juvenile  differences  are  real  is  shown
by  the  following  statistics  of  average  length:

Platteville

Males  303.18  ±1.62
Females  291.  50±  1.50

However,  it  might  be  argued  that  the  Juveniles,
being  at  a  period  of  relatively  rapid  growth,  the  average
difference  in  juvenile  length  between  the  two  series  could
be  the  effect  of  measuring  the  larger  series  when  somewhat
older  than  the  smaller.  But  the  adolescents  plus  adults,
including  all  specimens  above  400  mm.,  cannot  be  subject
to  such  a  doubt,  for  they  are,  proportionately,  growing
more  slowly.  Their  average  lengths  and  differences  are
found  to  be  as  follows:

Platteville  Pierre  Difference  Signifi  -
cance

Males  711.  97±  4.1V  768.33±5.90  56.41^10.68  5.3
Females  674.05±3.64  740.00±5.20  65.95T  9.39  7.0

Thus  the  differences  are  seen  to  be  in  excess  of  5  times
their  standard  errors,  which  again  are  highly  significant.

Carrying  the  comparison  further  we  can  make  a
rough  differentiation  of  adults  from  adolescents  as  fol-
lows:  We  have  previously  shown  in  the  Platteville  series
that  there  is  a  rapid  increase  in  female  gravidity  at  640
mm.  (0cc.Pap.No.l,p.l7)  .  Remembering  that  the  males  are
slightly  lont^er  than  the  females  of  similar  age  we  will  make
an  arbitrary  division  between  adolescents  and  adults  at  650
mm.  This  will  include,  amongst  the  adults,  a  few  oversize  a-
dolescents;  and  correspondingly,  it  will  exclude  some  of  the
lagging  or  stunted  adults;  but  the  results  will  still  be
comparable  if  we  use  the  same  method  for  both  series.  In
the  Platteville  series  we  find  that,  of  all  the  adolescents
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and  adults  together,  63  per  cent  fall  into  our  arbitrarily
fixed  adult  class.  Now  if  we  take  the  upper  63  per  cent  of
the  Pierre  series  as  probable  adults  we  find  that  this
causes  a  corresponding  break  between  adults  and  adolescents
at  705  mm.  With  these  division  points  we  find  the  signifi-
cance  between  the  two  series  of  probable  adults  as  follows:

Platteville  Pierre  Difference  Signifi  -
cance

Males*  776.  16  ±3.  52  862.16  ±4.46  86.00T7.87  10.9
Females  735.6l±2.74  822.  00±  3.38  86  .39  ^6  .^2  13.5

With  differences  of  this  order  compared  with  their  corres-
ponding  standard  errors  there  can  be  no  question  as  to
their  reality.  Thus  conclusive  evidence  has  been  presented
that  the  Pierre  snakes  average  longer  than  those  from
Platteville  throughout  life.  The  magnitude  of  this  differ-
ence  is  about  10  per  cent.  Even  the  rattle  shows  the  same
result:  448  Platteville  buttons  average  5.1  mm.  in  width,
while  321  Pierre  buttons  average  5.6  mm.  and  the  dispersion
is  such  that  the  difference  is  highly  significant.

At  this  point  it  will  be  interesting  to  show  the
extent  to  which  these  two  populations  have  diverged  in  other
characteristics.  I  therefore  anticipate  certain  studies,
which  I  hope  eventually  to  publish,  on  the  stability  of
characters  used  in  herpetological  classification,  and  pre-
sent  in  Table  13  the  differences  between  these  two  popula-
tion  groups  in  respect  of  some  commonly  used  scale  and
pattern  characters.

Here  we  see  differentiation  definitely  begun,  for
the  difference  between  the  two,  although  small,  is  signifi-
cant  in  more  than  half  the  characters.  The  average  differ-
ence  of  only  about  2  ventral  plates  in  each  sex  may  seem
negligible;  but  actually,  because  of  the  large  samples
available,  these  differences  are  more  real  than  average
differences  of  10  or  15  ventrals  might  be  if  only  a  dozen
snakes  were  at  hand  from  each  area,  as  is  so  often  the  case
in  our  taxonomic  studies.  For  with  such  large  series  of
viridis  the  chance  that  this  difference  of  two  plates  is
the  result  of  the  hazard  of  sampling,  and  does  not  really
exist  in  the  general  populations,  is  only  one  out  of  many
billions.  Positive  results  of  this  character  cannot  be  se-
cured  with  small  samples,  and  a  mere  statement  of  differ-
ences  between  averages  does  not  tell  the  whole  story.

Length  Compared  with  Other  Differential  Characters

In  order  to  show  how  length,  as  a  variable  in  a
homogeneous  group,  compares  in  consistency  with  other  char-
acters  used  in  classification.  Table  I4  is  presented.  This
sets  forth  these  characters  in  terms  of  their  coefficients
of  variation.  Both  territorially  homogeneous  and  wide-
spread  groups  have  been  used  as  examples.  A  rather  notable
uniformity  in  the  coefficient  for  each  character  is  evident.
In  comparing  these  with  length  it  is  to  be  remembered  that
the  studies  thus  far  presented  indicate  a  coefficient  of
variation  of  10  to  12  per  cent  in  the  lengths  of  an  adult

*  No  attempt  should  be  made  to  draw  intersex  comparisons
here;  the  arbitrary  setting  of  the  same  lower  limit  for
males  and  females  is  unfair  to  the  former.
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population  segregated  between  the  sexes.  Therefore  length
is  more  variable  than  most  of  the  scale  characters.  And
owing  to  the  change  which  an  individual  experiences  in  this
character  through  life  it  is  not  particularly  valuable  in
classification,  for  it  can  only  be  used  when  large  popula-
tion  samples  are  available.

But  I  am  not  attempting  to  prove  that  Colorado
and  South  Dakota  viridis  are  separate  subspecies,  either  by
the  use  of  adult  length  or  other  characteristics.  A  real
difference  between  them  has  been  shown  mathematically;  but
any  system  of  classification  which  required  500  specimens
from  an  area  before  its  population  could  be  classified,
would  be  worse  than  useless.  The  presence  of  real  differ-
ences  between  adjacent  populations  is  probably  more  univer-
sal  than  is  generally  realized,  but  these  differences
should  not  be  used  as  a  basis  of  nomenclatorial  distinction
unless  some  of  them  are  of  practical  use.  To  differentiate
subspecies  we  should  have  available  one  or  more  characters
which  will  successfully  segregate  a  large  proportion  of  the
individuals  of  the  two  groups  taken  as  individuals.  But
the  statistical  approach  should  not  be  neglected  in  verify-
ing  the  validity  of  the  conclusions.

Ecological  Variations

Having  shown  statistically  the  extent  of  a  terri-
torial  difference  in  size  within  a  subspecies  we  may  men-
tion  a  few  other  outstanding  subspecific  and  specific  in-
stances  of  size  differences  and  speculate  on  their  possible
causes.

In  general  the  duration  of  seasonal  activity
does  not  seem  to  be  a  controlling  factor,  although  possibly
effective  in  some  instances.  Or  eg  anus  in  southern  Cali-
fornia  is  a  larger  snake  than  in  central  Washington;  ceras  -
tes  is  larger  in  Imperial  County  than  in  Inyo  County,  Cali-
fornia;  atricaudatus  is  larger  in  Louisiana  than  horridus
in  the  upper  Mississippi  basin;  and  in  each  case  the  larger
form  has  a  longer  season.  But,  on  the  other  hand,  viridis
is  larger  in  the  northern  part  of  its  range  than  in  the
southern;  pvrrhus  is  larger  thaji  mitchellii  ;  catenatus
grows  to  a  larger  size  than  tergeminus  .  In  the  latter
three  cases  the  smaller  snake  has  the  longer  seasonal  acti-
vity,  so  there  is  no  uniform  result  from  this  variable
factor.

It  is  true  that  widely  ranging  forms  tend  to  be
smaller  in  the  mountains  than  in  the  lowlands  .  Thus  ciner  -
eous  and  scutulatus  are  both  smaller  in  the  vicinity  of
Prescott,  Arizona,  than  in  the  plains  to  the  south  and
west;  or  eg  anus  above  6000  ft.  altitude  in  southern  Ca.ifor-
nia  shows  a  declining  size  as  it  approaches  its  limit  at
about  11000  ft.  But  there  are  other  species,  of  more  re-
stricted  adaptability,  which  floiirish  only  in  the  mountains,
as  witness  such  forms  as  pricei  and  klauberi  in  their
island-like  montane  habitats  in  southeastern  Arizona.

Desert  conditions  cause  stunting  in  some  species;
thus  ruber  is  a  somewhat  smaller  snake  on  the  edge  of  the
Colorado  desert  than  in  the  coastal  foothills;  and  the  same
is  true  of  mitchellii  in  western  Arizona  as  compared  to  the
same  snake  in  the  Upper  Sonoran  Life  Zone  of  the  peninsula
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range  of  southern  California.  On  the  other  hand  cerastes
is  sharply  limited  to  the  desert  and  is  of  smaller  size  on
the  periphery  of  its  range.

It  cannot  be  food  alone  which  causes  these  fluc-
tuations  in  size;  rodents  are  probably  as  plentiful  in
northeastern  Colorado  as  in  Montana;  the  lizard  feeders
pricei  and  klauberi  are  not  prevented  from  ranging  further
down  the  mountains  by  lack  of  food,  for  lizards  are  more
plentiful  in  the  lower  altitudes.  Thus  the  causes  of  these
habitat  preferences  and  morphological  variations  are  ob-
scure.  One  fact  is  outstanding:  the  species  which  are
most  sharply  limited  in  ecological  adaptability,  and  there-
fore  in  range,  are  most  constant  in  form.  Compare  for  in-
stance  the  constant  adamant  6us  .  ruber  .  and  cerastes  with
such  variable  forms  as  horridus  .  or  eg  anus  .  and  pyrrhus  .  We
would  naturally  presume  that  the  morphological  variability
is  the  result  of  variations  in  habitat;  but  it  does  not
follow  with  certainty  that  this  is  cause  and  effect,  for
oreganus  and  pvrrhus  are  not  only  variable  when  comparing
specimens  from  different  sections  of  their  ranges,  but  are
highly  diversified  at  any  one  locality.

Island  forms  are  always  of  interest  .  Some  of
the  island  rattlesncikes  are  conspicuously  stunted:  for  ex-
ample  tortugensis  is  a  stunted  form  of  cinereous  .  its
nearest  relative  on  the  mainland;  so  also  is  exsul  a
stunted  offshoot  of  ruber.  The  molossus  on  San  Esteban
Island  is  stunted.  Probably  most  conspicuous  of  all  are
the  stunted  or  eg  anus  found  on  South  Coronado  Island,  a
rocky  islet  only  a  few  miles  from  the  mainland  near  San
Diego.  These  snakes  differ  from  the  coastal  form  to  such
an  extent  that  they  woiild  certainly  warrant  subs  pec  if  ic
recognition  were  there  any  differences  of  scutellation  com-
parable  to  the  difference  in  size.  Thus  there  are  avail-
able  8  adult*  island  males  which  average  603  mm.  (min.  516,
max.  683)  and  I4.  adult  females  average  54*7  inm.  (min.  492,
max.  64'7)  .  Needless  to  say  these  specimens  are  pigmies
compared  to  the  mainland  adults,  which  are  nearly  twice
as  long  and  about  eight  times  as  bulky.

But  diminution_,in  size  on  islands  is  not  univer-
sal,  for  the  pvrrhus  on  Angel  de  la  Guarda  are  the  largest
known  of  that  wide-spread  form.  This  is  the  more  remark-
able  since  ruber  on  the  same  island  seems  to  be  somewhat
smaller  than  on  the  mainland,  although  not  conspicuously
so.  Cinereous  on  Tibur6n  seems  to  be  about  normal,  as  is
also  the  case  with  lucasensis  on  San  Jose  and  Santa  Margar-
ita.  There  are  available  hardly  enough  ruber  from  South
San  Lorenzo,  San  Marcos,  and  Monserrate  Islands,  or  enyo
from  San  Francisco,  Carmen,  and  Isla  Partida  to  prove  any-
thing  with  reference  to  size.  The  smallest  gravid  female
oreganus  (394  mm.)  out  of  more  than  I4OO  specimens  is  from
Morro  Rock,  from  which  islet  only  two  specimens  are  avail-
able;  this  can  hardly  be  a  coincidence,  so  it  is  probable
that  this  rock  is  inhabited  by  another  stunted  strain.  We
conclude  that,  while  diminution  in  size  in  races  of  rattle-
snakes  isolated  on  islands  is  frequent,  it  is  by  no  means
universal;  and  in  at  least  one  instance  the  contrary  condi-
tion  is  the  fact.

*  The  adult  state  may  be  Judged  from  the  condition  of
parallelism  in  the  proximate  r?ttles.
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Length-Weight  Correlation

In  an  endeavor  to  learn  the  character  of  the  cor-
relation  between  the  length  and  weight  of  rattlesnakes,  a
number  of  specimens  were  weighed  and  measured  Immediately
after  killing,  but  prior  to  preservation.  Most  of  the
weights  were  secured  on  an  accurate  torsion  balance.  A  few
measurements  and  weights  of  live  specimens  Were  recorded.

To  test  the  usefulness  of  preserved  material,  a
series  of  specimens  were  weighed  before  and  after  preserva-
tion  and  the  results  were  compared.  The  effect  of  the  pre-
servative  was  found  to  be  so  variable  that  weights  of  pre-
served  specimens  should  be  considered  entirely  undependable
as  criteria  of  live  weight,  and  therefore  none  has  been
used.

That  there  is  a  correlation  between  length  and
weight  is,  of  course,  certain,  for  this  must  be  the  case  in
any  animal  whose  form  remains  approximately  constant  during
growth.  The  question  is  the  nature  of  this  relationship
and  its  consistency;  that  is,  the  character  of  the  average
length-weight  regression  curve  and  the  extent  of  the  dis-
persion  of  Individual  specimens  about  that  curve.  Also  we
should  determine  whether  there  Is  a  significant  sexual  di-
morphism.

In  attacking  a  problem  of  this  nature  a  prelimin-
ary  visual  study  is  advisable.  We  find,  by  taking  the
lengths  and  weights  of  a  representative  series  of  any  spe-
cies  and  plotting  them  on  rectangular  coordinates,  that  we
have  a  curve  which  shows  rapidly  rising  increments  of
weight  with  equal  Increments  of  length;  the  curve  is  appar-
ently  parabolic  in  form  (Fig.  5).  This  is  to  be  expected,
since  if  the  form  and  specific  gravity  remain  constant  dur-
ing  growth,  the  weight  will  vary  with  the  cube  of  the
length.  The  data  were  therefore  transferred  to  paper  hav-
ing  logarithmic  coordinates  in  both  directions  and  it  was
found  that  a  straight  line  relationship  was  indicated;
thus  the  curve  is  of  the  form  W  =  CL^,  where  C  and  P  are
constants,  since  double  logarithmic  coordinates  reduce
such  a  curve  to  a  straight  line.  Although  the  scatter  is
considerable,  the  deviations  seem  to  be  random,  hence  they
are  the  result  of  Individual  aberrations  rather  than  the
non-suitability  of  the  equation.

Not  only  does  the  logarithmic  expression  reduce
the  curve  to  a  straight  line,  and  thus  simplify  the  inves-
tigation  of  the  relationship,  but  It  is  also  noted  that
the  scatter  is  now  apparently  uniform  along  the  curve,
where  before,  with  rectangular  coordinates,  it  was  much
greater  amongst  the  adults  than  the  juveniles.  Remember-
ing  that  equal  deviations  represent  constant  deviation
ratios  at  any  point  in  a  log-log  diagram,  this  means  that
deviations  in  weight  from  the  average  remain  relatively
constant  in  proportion  throughout  life.  Thus  the  logarith-
mic  device  rationalizes  both  the  relationship  and  the  scat-
ter.*  A  dispersion  of  this  type  is  to  be  expected;  certain-

•ly  if  a  deviation  of  8  per  cent,  or  8  grams,  for  example,
were  found  to  be  the  average  deviation  at  a  normal  weight

*  This  method  assumes  a  geometric  rather  than  an  arithme-
tic  dispersion  around  the  regression  line.  Mllls,op.clt  .  ,
p.  475.
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Table 15

LENGTH-WEIGHT CORRELATION

These  young,  being  of  special  quality,  are  not  Included  in  the  series
in Group I .





04 —  o>  Op  I"-.  «o  «o  "
LENGTH  IN  METERS

PO cvj



of  100  grams,  we  would  not  expect  to  find  the  same  devia-
tion  of  8  grams  at  a  weight  of  1000  grams,  but  would  ex-
pect  30  grams,  or  8  per  cent  as  before.  And  this  condition
is  found  to  agree  substantially  with  the  facts.

Having  determined  the  form  of  the  correlation
curve  our  next  step  should  be  to  calculate  the  equations  of
those  species  for  which  data  may  be  available,  and  to  find
the  extent  of  group  and  species  differences.  Such  an  in-
vestigation  was  therefore  carried  out  on  all  species,  or
territorial  groups,  of  which  weights  of  representative
series  at  various  ages  were  at  hand,  the  results  being  set
forth  in  Table  15.  Where  25  or  fewer  specimens  were  avail-
able  the  least-squares  method  was  employed;  otherwise  the
oroduct-moment  method,  with  grouped  data,  was  used.*  The
raw  data  thus  used  are  too  Voluminous  to  be  included  here,
but  Table  16  is  presented  as  a  sample  to  show  the  method  of
grouping,  and  to  indicate  the  approzimate  consistency  of
the  correlation.  This  table  covers  the  Platteville  series
as  a  whole.  It  should  be  understood  that  with  groups  hav-
ing  smaller  size-ranges  (juveniles  for  example)  the  group-
ing  was  by  narrower  class-limits.

In  Table  15  there  are  set  forth  the  constants  ap-
plicable  to  the  equation  W  =  CL^  (where  the  length  L  is  ex-
pressed  in  meters  ^  and  W  is  the  weight  in  grams  )  for  a
niimber  of  species,  and  for  several  other  groups  segregated
as  to  locality,  size,  or  sex.  In  addition,  to  give  an  in-
dication  of  the  extent  of  the  dispersion,  the  coefficient
of  correlation  (r)  and  the  standard  error  of  estimate  (S)
are  also  shown.  However,  it  is  to  be  remembered  that  these
latter  refer  to  the  equation  in  its  straight  line  form,
log  W  =  P  log  L  +  log  C.  Similarly,  Fig.  6  shows  several
of  the  equations  plotted  on  log-log  coordinates  to  show
their  general  trends.,  and  how  differences  in  C  and  P  affect
these  trends.

In  discussing  the  results  shown  in  this  table,  I
wish  to  draw  attention  to  various  conditions  of  the  snakes
weighed  which  affect  the  determinations  and  tend  to  reduce
the  accuracy  of  the  coastants  found  for  certain  groups.
First  it  should  be  noted  that  there  is  sexual  dimorphism
and  therefore  in  the  groups  wherein  the  sexes  are  combined
the  constants  will  be  affected  by  the  sex  proportions.
Similarly,  in  devising  a  body-weight  curve,  all  size-
classes  should  be  represented  in  approximately  equal  number;
concentrations,  such  as  overly  large  proportions  of  juve-
niles,  may  modify  the  determination,  if  this  particular
group  tends  to  deviate  from  the  normal.  The  Platteville
and  Pierre  series,  when  including  the  juveniles,  have  been
so  affected;  for  this  reason  the  curves  based  on  adults
alone  are  believed  to  represent  the  average  situation  more
accurately.  Finally,  there  are  such  matters  as  season  of
capture,  availability  of  food,  gestation,  and  the  unnatural

*  See  Mills,  P.  401,  or  any  similar  statistical  text.

)Z5  The  reason  for  the  seeming  inconsistency  in  expressing  L
in  meters  in  this  equation  and  employing  millimeters  else-
where  is  the  inconvenient  size  of  C  when  using  millimeters.
For  example  the  equation  W  =  530L-^*^.  L  being  expressed  in
meters,  becomes  W  =  0.000000036  59L-'"^  when  L  is  expressed
in  millimeters.
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conditions  of  captivity.  In  the  last  regard  the  lucasensls
and  Pierre  vlrldis  series  were  adversely  affected,  which  I
believe  explains  the  low  constants  in  these  two  cases.
Taking  into  account  these  several  effects,  I  am  of  the
opinion  that  the  equation  W  =  550L-^*^  fairly  represents  the
average  length-weight  correlation  of  the  snakes  of  the  cin  -
ereous  and  viridis  groups  in  the  wild.  The  results  from
the  small  series  of  pyrrhus  and  cerastes  indicate  that,
since  both  C  and  P  are  high,  these  are  chunkier,  heavier-
bodied  snakes  than  cinereous  or  viridis  .  Such  indeed  is
their  adult  appearance.

The  fact  that  the  exponent  P  exceeds  3  indicates
that  rattlesnakes  do  not  retain  a  constant  shape  throughout
life  (assuming  a  constant  specific  gravity)  but  become
somewhat  heavier-bodied  or  stouter  with  age.

Before  proceeding  to  an  investigation  of  the  ex-
tent  and  character  of  the  dispersion  about  the  regression
lines,  and  whether  there  is  sexual  dimorphism,  I  think  it
well  to  translate  the  average  equation  of  W  =  550L^*3,
which  is  taken  as  representing  the  weight-length  correla-
tion  of  such  important  species  as  viridis  and  cinereous  .
into  abbreviated  tables  which  will  make  the  relationship
more  readily  apparent  .

Metric  Measure  English  Measure
Length,  mm.  Weight,  grams  Length,  ft.  Weight,  lb  &  oz

250  5.7
300  10.4.-
350  17.2
400  26.8
500  57.2
700  170

1000  550
1500  2096
2000  5417
2500  113.10

The  above  two  tables,  althoiigh  based  on  the  same
equation,  are  entirely  separate;  no  attempt  should  be  made
to  read  across  from  one  to  the  other.  The  outstanding
point  evident  from  these  tables  is  the  rapid  increase  in
weight,  for  relatively  small  increases  in  length,  as  the
larger  sizes  are  approached.

A  point  to  be  remembered  in  comparing  two  equa-
tions  of  the  form  W  =  CL^  wherein  C  and  P  are  different,  is
that  W  does  not  increase  in  all  sizes  of  snakes  as  C  and  P
increase.  If  C  remains  constant,  lower  values  of  P  result
in  higher  values  of  W  in  lengths  below  1  meter,  since  when
L  is  less  than  1,  log  L  is  negative.  The  extent  to  which
W  changes  with  small  changes  in  C  and  P  is  shown  by  tho
following  figures  for  two  slightly  different  equations;

L  in  meters  Value  of  W  in  grams
W  =  550L-:'-^  W  =  580L-^  "*

0.3  10.4  9.7
0.4  26.8  25.7
0.5  57.2  55.0
0.7  170  174
1.0  550  580
1.5  2096  2302
2.0  5417  6120
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Another  point  to  be  noted  with  respect  to  these
equations  is  that  C  is  the  weight  in  grams  of  a  snake  1
meter  long,  since  when  L  =  1,  W  =  C.

We  see  from  these  sample  tables  why  long  rattlers
look  so  huge.  A  six-foot  rattlesnake  has  almost  twice  the
bulk  of  one  5  feet  long.  While  a  racer  7i  feet  long,  be-
cause  of  its  attenuated  form,  would  not  look  like  a  large
snake,  particularly  if  coiled  in  a  cage,  a  heavy-bodied
snake  such  as  a  rattler  of  similar  length  looks  enormous.
He  has  a  greater  bulk  than  a  king-cobra  twice  as  long.  It
should  be  understood,  however,  that  while  a  comparison  of
the  bulk  of  a  short  and  a  long  rattler  is  accentuated  by
the  value  of  P  in  excess  of  3,  this  does  not  account  for
the  stoutness  of  the  rattler  as  compared  to  a  racer.  This
is  primarily  due  to  a  high  value  of  C  rather  than  of  P.
Racers  and  cobras  may  also  increase  in  weight  more  rapidly
than  the  cube  of  their  lengths;  this  is  a  condition  which
I  have  not  investigated.

Fluctuations  in  Weight

The  regression  curve  of  weight  on  length,  W  =  CL*^,
is  interesting  as  showing  a  certain  correlation  in  nature,
but  it  is  doubtful  whether  it  will  prove  useful  in  taxonomy,
as  are,  for  instance,  curves  of  head  and  tail  proportions.
Possibly  when  length-weight  measurements  are  available  for
many  additional  series,  interspecies  trends  may  come  to
light  which  have  not  been  evident  in  my  limited  material.
As  a  practical  guide  for  making  a  rough  calculation  of  the
probable  weight  of  a  rattlesnake,  when  the  length  is  known,
the  equation  is  of  possible  use.  Such  a  calculation  should
be  made  using  the  equation  in  its  straight  line  form,  log
W  =  P  log  L  +  log  C.

But  primarily  the  equation  is  of  interest  as  a
description  of  rattlesnake  growth  —  a  fact  of  natural  hist-
ory.  As  such  it  is  worth  while  to  determine  how  closely
the  average  snake  adheres  to  the  regression  line  represent-
ing  his  species,  and  what  will  be  the  probable  discrepancy
if  the  equation  is  used  to  calculate  the  weight  from  the
length.  In  general  the  answer  is  to  be  found  in  the  last
column  of  Table  15,  giving  S,  the  standard  error  of  esti-
mate.  The  coefficient  of  correlation  (r)  is  not  to  be
given  much  weight  as  its  value  depends  to  a  considerable
extent  on  the  distribution  of  lengths  of  the  specimens
which  happen  to  make  up  the  series  investigated.

In  an  ordinary  correlation  study  the  standard
error  of  estimate  is  theoretically  the  standard  deviation
of  the  dependent  variable  at  any  fixed  value  of  the  inde-
pendent  variable,  assuming  a  large  number  of  samples  con-
centrated  at  that  point.  In  the  present  instance,  because
of  the  change  of  the  equation  to  its  logarithmic  equiva-
lent,  the  standard  error  given  in  the  table  must  be  trans-
lated  into  a  percentage  figure.*  We  find  that  in  the
Platteville  series  half  of  the  specimens  will  fall  between
.89  and  1.12  of  the  value  determined  from  the  curve;  68
per  cent  will  fall  between  .34  and  1.18;  95  out  of  100  will
fall  between  .72  and  1.40.  In  other  words  there  is  an  even

*  For  the  method  used  see  Mills;,  op.clt.,  p.  460.
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chance  that  the  true  vfeight  of  any  single  specimen  of  this
series  will  not  be  more  than  18  per  cent  above  or  11  per
cent  below  the  weight  calculated  from  the  curve.  In  a  sim-
ilar  way  percentages  falling  within  and  without  any  limits
may  be  determined  for  any  value  of  S.  As  the  values  of  S
in  Table  15  do  not  vary  to  a  great  extent,  the  above  deter-
minations  with  respect  to  the  Platteville  series,  in  which
more  specimens  have  been  available  than  any  other,  probably
represent  closely  the  extent  of  the  variation  in  all  these
species  of  rattlers.  I  am  of  the  opinion  that  12  per  cent
is  a  close  approximation  to  the  probable  error  of  estimate,
or  13  per  cent  to  the  standard  error.

In  order  to  indicate  the  results  thus  obtained,
uncomplicated  by  the  logarithmic  feature,  I  determined  from
the  equation  W  =  496l2«93  the  theoretical  weight  of  each
specimen  of  the  Platteville  series  and  then  calculated  the
ratio  of  the  actual  to  the  theoretical  weight.  The  results
are  summarized  in  the  following  table  of  deviations;  the
first  column  showing  the  group  limits,  the  second  the  num-
ber  of  specimens  falling  in  each  group:

It  is  noted  that  the  distribution  about  the  re-
gression  line  is  approximately  normal,  although  slightly
skewed,  with  a  longer  tail  toward  the  higher  ratios.  The
coefficient  of  variation  of  this  distribution  is  16  per
cent.

Females  should  vary  more  than  males  because
there  is  a  gradual  increase  in  weight  during  gestation  and
a  sudden  decline  when  their  young  are  born.  This  is  found
to  be  the  case  in  both  the  Platteville  and  Pierre  series
vhere  S  is  greater  for  the  females  than  the  males.  Taking
the  Platteville  series,  for  example,  we  find  that  half  the
males  will  fall  between  1.104  and  .906  of  the  calculated
value,  but  half  the  females  will  fall  between  1.119  and
.894,  thus  showing  a  wider  dispersion.

Sexual  Dimorphism  in  Weight

From  Table  15  we  have  the  folloving  data  on  adult*
snakes:

*  V.'e  have  made  the  asual  division  at  400  mm.;  thus  the
equations  include  the  adolescents.  The  omission  of  the
adolescents  does  not  materially  chdiige  the  result.  The
Platteville  series  from  532  mm.  up  (thus  comprising  adults
almost  exclusively)  has  the  folloving  equations:  males
W  =  503l3'10;  females  W  =  642L2'^-'-.  Thus  the  female  equa-
tion  is  changed  slightly  by  the  exclusion  of  the  adoles-
cents;  the  male  equation  remctins  virtually  unchanged.
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Platteville  males  W  =  507L^-^2
females  W  =  633L^-^n

Pierre  males  W  =  457l2-90
females  W  =  498L3-11

There  is  evident  here  an  increase  in  both  C  and  P
In  the  females  over  the  males.  The  Platteville  series  pro-
bably  gives  a  better  indication  of  the  true-  curve  for  this
species,  since  this  series  contains  a  larger  proportion  of
autumn  specimens  (not  attenuated  by  hibernation)  and  there
was  a  shorter  period  of  captivity  before  they  were  weighed.
Hence,  I  am  of  the  opinion  that  the  Pxatteviile  series,
with  about  twice  as  many  autumn  as  spring  measurements,
have  constants  closely  approximating  the  normal  figures  for
the  prairie  rattlesnake  during  its  active  season.  The
Pierre  statistics,  while  not  so  accurate  as  to  trends,  are
still  valuable  for  intersex  comparisons.

That  the  coefficients  P  are  significantly  differ-
ent  as  between  males  and  females,  is  shown  by  the  following
figures:

Values  of  Coefficient  P

Males  Females  Difference

Platteville  3.096^.0511  3.  487  T.  0720  .391^1^.00519
Pierre  2.903=F.0481  3.107=F.0791  .203^.00878

Since  the  difference  is,  in  each  case,  many  times
its  standard  error,  there  remains  no  doubt  as  to  the  signi-
ficance  of  this  sexual  difference  in  exponents.  The  differ-
ences  in  the  constant  C  are  less  significant.

An  interesting  derivation  is  the  ratio  between
the  weights  of  adult  snakes  of  similar  lengths  but  opposite
sexes,  which  can  be  found  by  dividing  one  equation  by  the
other.  Thus  we  have  for  the  Platteville  series  a  female  to
male  ratio  of  633L3-49/507l2-1°  or  1.251*^^;  for  the  Pierre
series  the  corresponding  result  is  1.09L*^^.  To  determine
where  the  sex  curves  cross  we  equate  these  ratios  to  1  and
solve  for  L.  We  find  that  the  Platteville  curves  intersect
at  L  =  565  mm.  and  the  Pierre  at  L  =  664  mm.  This  indi-
cates  that  adolescent  males  are  heavier  than  females  of  the
same  length,  and  that  the  contrary  is  true  amongst  the
adults.  It  is  interesting  to  find  that  in  both  of  these
series  the  lengths  at  which  the  females  begin  to  be  heavier
than  the  males  closely  correspond  to  the  sizes  of  the  small-
est  gravid  females;  for  the  figures  are  565  mm.  (weight
criterion)  and  533  mm.  (gravidity)  in  the  Platteville  series,
and  664  and  633  mm.  respectively  in  the  Pierre  series.  We
have  here  an  interesting  confirmation  of  the  lov-er  limits
of  adulthood  previously  determined.  But  it  must  not  be
thought  that  the  females  are  heavier  merely  because  of  the
eggs  which  they  carry;  they  are  actually  stouter  than  the
males,  which  may  be  in  part  the  result  of  their  reduced  ac-
tivity.  Based  on  the  Platteville  data,  at  the  maximum  size
reached  by  the  females  (900  mm.),  they  are  about  20  per
cent  heavier  than  the  males  of  the  same  length.  Of  course
the  males  grow  to  a  greater  length  than  the  females  and
hence  eventually  exceed  them  in  bulk.

Is  this  sexual  difference  in  weight  really  signi-
ficant?  The  answer  depends  on  the  age,  for  obviously  there
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is  no  difference  at  the  point  where  the  regression  curves
cross.  But  the  difference  increases  through  the  adult
stage,  and  at  the  largest  size  reached  by  the  females  (say
900  mm.)  we  have  average  weights  of  438.1  g.  and  365.6  g.
for  the  females  and  males  respectively.  Using  a  coeffi-
cient  of  variation  of  18  per  cent,  which  is  a  safe  figure
based  on  our  studies  of  the  standard  error  of  estimate,  we
find  the  difference  of  the  mean  weights  at  900  mm.  to  be
72.5  =F  6.0  g.  The  difference  is  12  times  its  standard
error  and  unquestionably  significant.

It  might  be  thought  that  much  of  the  sexual  di-
morphism  in  weight  can  be  attributed  to  the  longer  tail  of
the  male.  It  is  true  that  this  does  account  for  a  part  of
the  sex  difference.  It  must  be  remembered  that  the  female
tail  is  shorter  than  the  male,  the  ratio  of  the  tail  to
over-ail  length  in  the  Platteville  series  averaging  0.074
(range  0.060-0.093)  in  the  males,  and  0.054  (range  0.040-
0.072)  in  the  females.  Thus  in  a  pair  of  snakes  each  900
mm.  in  length,  the  male  would  have  a  tail  length  of  about
66^  mm.  and  the  female  48|  mm.,  a  difference  of  18  mm.;
and,  for  equivalent  body  lengths,  we  should  compare  a  male
918  mm.  long  with  a  female  of  900  mm.  By  this  method  of
comparison  the  weight  difference  between  the  sexes  is  only
12  per  cent  in  favor  of  the  females,  instead  of  20  per  cent
when  comparing  on  a  basis  of  equal  length  over-all.

Weight  of  Young  Snakes

Table  15  indicates  that  in  the  juveniles  of  the
Platteville,  Pierre,  and  Montana  viridis  ,  and  San  Patricio
cinereous  series,  the  exponential,  constant  P  is  lower  than
amongst  the  adults  of  the  same  series.  This  is  not  true  of
the  oreganus  series,  which  has  the  same  type  of  exponent  as
the  adults.  I  think  the  explanation  is  to  be  found  in  the
character  of  the  former  series  —  the  fact  that  they  are  what
might  be  called  dispersion  groups  instead  of  growth  groups.
These  four  groups  (the  viridis  and  cinereous  )  are  chronolo-
gically  concentrated;  thus  they  represent  variations  sur-
rounding  a  mean  at  one  age,  rather  than  stations  along  a
trend-xine  of  grov.th,  as  does  the  oreganus  series.  The
Montana  group  was  measured  immediately  after  birth;  the  San
Patricio  series  several  weeks  after,  but  they  had  had  no
food.  A  few  of  the  Platteville  and  San  Patricio  series,
collected  at  the  snake  dens,  may  have  secured  food  between
birth  and  hibernation,*  but  still  they  are  chronologically
a  unit.  With  these  food  limitations,  prenatal,  postnatal
or  both,  the  larger  snakes  are  likely  to  be  somewhat  atten-
uated  and  P  will  be  less  than  3;  for  if  a  snake  grows  more
rapidly  than  his  brother  but  secures  no  more  food,  he  will
be  thinner.  Thus  the  conditions  of  correlation  in  these
groups  are  not  of  the  same  character  as  in  groups  represent-
ing  all  phases  of  growth;  and  it  is  to  be  expected  that
even  if  the  mean  of  the  group  falls  in  the  general  regres-
sion  curve  for  that  species,  the  group  itself  is  likely  to
have  a  regression  line  at  an  angle  with  the  main  species
regression.  But  in  the  oreganus  series  we  have  specimens
caught  at  ail  periods  between  birth  and  hibernation,  and

*  Mr.  C.B.  Perkins  tells  me  that  possibly  10  per  cent  of
the  Platteville  juveniles  caught  in  the  autumn,  disgorged
Holbrookia  (lizard)  remains.
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others  from  various  dates  in  the  spring,  after  they  had  se-
cured  food.  In  a  small  series  caught  and  examined  in  late
March,  half  had  already  secured  either  lizards  or  mice.
So  the  oreganus  series  indicates  a  true  life  trend,  rather
than  a  group  dispersion  as  indicated  by  the  other  juveniles,
The  constants  determined  from  the  chronologically  concen-
trated  juveniles,  in  so  far  as  they  differ  from  the  con-
stants  of  the  complete  life  range,  are  not  to  be  taken  as
indicating  that  the  growth  curve  changes  sharply  in  direc-
tion  as  the  juveniles  enter  adolescence.

With  respect  to  the  coefficient  C,  this  is  high
in  the  Montana  series,*  since  the  specimens  were  weighed
immediately  after  birth,  while  the  Piatteville,  Pierre  and
San  Patricio  juveniles  had  long  since  lost  their  prenatal
food  accumulation.

Loss  of  Weight  in  Hibernation

A  further  investigation  was  made  of  the  Piatte-
ville  series  to  determine  the  effect  of  hibernation.  The
material  was  divided  into  groups  by  sexes  and  by  seasons,
with  a  further  division  between  juveniles  and  adolescents-
plus-adults  at  400  mm.  The  equation  constants  for  these
groups  are  found  to  be  as  follows:

Autumn  adult  males
Spring  adult  males
Autumn  adult  females
Spring  adult  females  -
Autumn  juvenile  males^
Spring  juvenile  males^  ,
Autumn  juvenile  females^
Spring  juvenile  females^

From  these  figures  it  will  be  observed  that  the
seasonal  differences  are  quite  marked.  They  result  from
the  long  period  of  abstinence  from  food  during  hibernation.
The  autumn  form  probably  more  nearly  approaches  the  normal
when  the  rattlers  are  feeding  regularly,  although  they  may
be  a  little  over-fat  in  preparation  for  their  long  prospec-
tive  fast.  But  in  the  spring  when  issuing  from  hiberna-
tion,  they  are  certainly  thinner  than  during  their  active
season  in  the  summer.

The  ratio  of  the  spring  to  the  autumn  weight  for
each  sex  for  any  given  length  is  indicated  by  the  equation:

p^^sL^^  ^.k-LPs-P. A

♦  These  Montana  juvenile  weights  were  kindly  supplied  to
me  by  Dr.  H.K.  Gloyd.

i)  The  separate  seasonal  constants  of  the  juveniles,  when
combined,  will  not  check  exactly  with  the  figures  given  in
Table  15,  since  these  separate  figures  were  determined  gra-
phically.  The  spring  juvenile  constants  are  less  accurate
than  those  of  autumn  as  there  were  fewer  specimens  in  the
former  season.
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But  the  values  of  P  for  each  sex  (in  the  adult  class)  are
so  nearly  equal  that  the  variability  factor  with  L  becomes
unity,  and  the  ratio  of  the  coefficients  gives  the  ratio  of
the  weights  with  as  close  a  degree  of  accuracy  as  is  war-
ranted  by  the  character  of  the  data.  Thus,  we  find  that  at
any  length  the  spring  adult  males  have  96.1  per  cent  of  the
weight  of  the  autumn  males,  and  the  females  96.2  per  cent;
that  is  to  say,  the  males  lose  3.9  per  cent  and  the  females
3.8  of  their  initial  autumn  weight  during  hibernation.
Amongst  the  juveniles,  using  their  constants,  we  find  the
corresponding  losses  to  be  29.6  per  cent  in  the  males  and
34.6  per  cent  in  the  females.

These  calculations  are  premised  on  one  important,
and  possibly  invalid,  assumption,  namely  that  the  snakes  do
not  increase  in  length  during  hibernation.  As  a  check  on
this  assumption,  we  first  investigate  the  juveniles.  The
average  length  of  the  autumn  specimens  (j.60  in  number)  was
299  mm.,  while  the  average  of  the  spring  juveniles  was  296
mm.  (69  specimens)  .  The  difference  represents  a  shrinkage
rather  than  a  growth,  but  as  it  is  but  one  per  cent,  it  may
be  assumed  to  be  within  the  variations  that  are  to  be  ex-
pected  in  the  collection  as  a  representative  sample.  We
may  therefore  conclude  that  the  juveniles  are  practically
without  increase  in  length  during  hibernation.

As  the  curves  for  the  juveniles  are  of  questionable
accuracy  as  regards  alignment,  and  the  losses  calculated
from  these  curves,  therefore,  not  as  accurate  as  the  adult
calculations,  some  special  weight  determinations  were  made
on  groups  of  live  juveniles  of  the  Platteville  series,  giv-
ing  averages  more  accurately  than  could  be  secured  by  v/eigh-
ing  individual  specimens  or  calculating  from  the  doubtful
curves.  In  the  autumn  91  single-rattle  individuals  were
found  to  average  13.04  g.,  while  in  the  spring  40  snakes
falling  within  this  class  weighed  9.97  g.  each.  The  loss
was  3.07  g.  or  23.5  per  cent  of  the  autamn  weight.  Similar-
ly,  in  the  fall,  29  two-rattle  juveniles  averaged  17.72  g.,
while  in  the  spring  10  specimens  in  this  class  weighed
14.15  g.  each.  Thus  the  loss  was  3.57  g.,  or  20.1  per  cent,
and  the  single  and  two-rattle  specimens  show  a  fair  agree-
ment.  Further,  the  two-rattle  individuals  made  up  24.1  per
cent  of  the  autumn  specimens  and  20.0  per  cent  of  the
spring,  therefore  there  is  evident  no  tendency  of  individu-
als  to  advance  from  the  single  to  the  two-rattle  class  dur-
ing  hibernation.  V,e  may  conclude  that  there  is  a  loss  of
weight  of  somewhat  in  excess  of  20  per  cent  in  the  juve-
niles  during  hibernation.

As  the  spring  juvenile  formulas  have  higher  coeffi-
cients  than  the  autumn,  there  is  indicated  a  smaller  per
cent  loss  in  v.'eight  of  the  larger  specimens  during  hiberna-
tion,  as  compared  with  the  smaller.

It  is  noted  that  the  two  sex  curves  of  the  juve-
niles  cross  each  other  in  each  season;  that  is  to  say,  the
smaller  juvenile  males  are  lighter  than  the  females,  v;hile
the  larger  males  are  heavier  than  the  females  of  correspond-
ing  size,  this  being  true  both  in  spring  and  autumn.  But
these  differences  are  relatively  small  considering  the  dis-
persion  of  individual  specimens;  sexual  dimorphism  in
weight  is  of  doubtful  validity  amongst  the  juveniles.

Returning  to  the  adults,  we  have  seen  that  if  v:e
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assume  no  growth  in  hibernation  the  formiilas  indicate  a
loss  of  weight  of  somewhat  less  than  l^.  per  cent.

If,  however,  we  assvune  some  growth  in  the  hiber-
nating  period  the  loss  must  be  considerably  less,  for  each
individual  is  then  advanced  to  a  higher  length-class  in  the
spring  and  consequently  works  out  to  a  greater  weight  by
the  formula.

We  find  from  the  statistics  of  length  of  all  spe-
cimens  over  4.00  mm.  that  the  average  male  increases  from
705  mm.  in  the  autimn  to  717  in  the  spring,  a  growth  of  12
mm.,  and  the  average  female  from  665  mm.  to  680  mm.,  or  a
growth  of  15  mm.  ;  the  weighted  average  growth  for  the  sexes
combined  is  from  686  mm.  to  698  mm.,  or  12  mm.

If  we  assume  that  these  average  growths,  which
are  derived  from  measurements  of  629  adolescent  and  adult
specimens  (206  spring,  423  autumn),  are  truly  representa-
tive  of  the  population,  and  that  the  situation  which
exists  in  nature  has  not  been  modified  through  the  keeping
of  all  specimens  in  captivity  for  about  a  month  after
their  normal  hibernation  and  dispersion  dates,  we  should
be  forced  to  the  conclusion,  by  determining  from  the  form-
ulas  the  weights  which  correspond  to  these  average  lengths,
that  the  average  male  snake  changes  in  weight  from  174-.2  g.
to  174,.  g.,  a  small  loss;  while  the  females  (due  to  great-
er  indicated  growth  in  length)  Increase  from  155.4  to  159.6
g.,  a  gain  of  2.7  per  cent.

An  increase  in  weight  during  hibernation  cannot
be  possible,  since  the  animals  are  without  food,  and  are
presumed  to  be  practically  dormant.  We  are  therefore  led
to  believe  that  the  increase  in  length  which  is  Indicated
in  the  females  does  not  really  occur  in  nature,  the  appar-
ent  increase  being  the  result  of  the  extra  month  in  capti-
vity  and  the  exigencies  of  sampling.  Reviewing  all  the
data  available  for  both  Juveniles  and  adults,  we  reach  the
conclusion  that  there  is  no  growth  in  length  during  hiber-
nation,  and  that  the  loss  in  weight  during  this  period  ap-
proximates  4,  per  cent  in  adults,  and  somewhat  over  20  per
cent  in  the  juveniles.

It  may  be  stated  that  the  juvenile  specimens  were
kept  a  shorter  time  between  the  collecting  date  and  date  of
measurement  than  the  adults,  which  might  explain  the  smaller
seasonal  difference  in  the  average  size  of  the  juveniles.
It  should  be  tinderstood  that  specimens  were  given  water  but
no  food  during  this  period  of  captivity.

If  loss  in  weight  were  proportional  to  surface
area  and  22.7  per  cent  is  the  loss  in  the  juveniles  (this
is  the  weighted  average  found  above)  then  the  loss  of  a  700
mm.  adult  would  be  9.7  per  cent,  a  considerably  higher  re-
sult  than  is  obtained  by  the  other  method  of  computation.
Thus,  if  most  of  the  loss  results  from  radiation,  it  is  not
proportional  to  surface  area;  this  would  be  expected  if  the
snakes  ball-up  in  hibernating.

It  may  be  of  Interest  to  record  the  grovrth  of  5
ac.ult  specimens  retained  in  captivity  over  one  winter.  Al-
ti  ough  offered  food  they  did  not  eat  well,  as  is  usually
t'  e  case  with  rattlers  in  captivity.  They  gained  an  aver-
a,  T  of  2.5  per  cent  in  length  but  at  the  same  time  lost  no
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less  than  35  per  cent  in  weight.  Of  course  the  conditions
surrounding  these  specimens  during  their  winter  of  capti-
vity  were  quite  different  from  those  affecting  snakes  in
hibernation,  for  the  former  were  kept  at  household  tempera-
tures  and  remained  active  throughout  the  period.

Conclusions  ;

1.  Studies  of  rattlesnake  growth  cannot  be
based  on  captive  specimens,  since  growth  is  dis-
torted  by  artificial  conditions.  Skins  should
not  be  used  as  indicators  of  rattlesnake  length
because  of  stretching  in  preservation.

2.  Extent  of  dispersion  in  body  length:  The
coefficient  of  variation  of  length  in  a  brood  of
yoving  rattlesnakes  at  birth  averages  about  3.5  per
cent.  Groups  of  young  from  the  same  area  run  5
per  cent  at  birth  in  late  summer,  and  diverge  to
8  per  cent  at  the  time  of  hibernation.  At  the  age
of  8  months  this  dispersion  has  increased  to  about
10  or  12  per  cent.  A  homogeneous  adult  and  sub-
adult  popiilation  is  foxmd  to  have  a  coefficient
of  variation  of  15  per  cent.  Purely  adult  popu-
lations  are  difficult  to  segregate  but  probably
run  from  8  to  I4.  per  cent.

3.  Character  of  dispersion  in  length:  In
size  distribution  a  group  of  young  rattlesnakes,
from  one  area,  but  born  of  several  mothers,  fol-
lows  the  normal  curve  of  error.  Extreme  variants
are  more  often  stunted  than  oversize.  There  are
Indications  that  throughout  life,  the  dispersion
curve  for  each  age-class  remains  normal.  How-
ever,  because  dispersion  in  length  increases,  it
is  impossible  to  segregate  age-classes  after  the
first  year.  Complete  adult  populations  are  platy-
kurtic  in  size-class  distribution.

4,.  Sexual  dimorphism  in  body  length:  At
birth  male  rattlesnakes  average  one  per  cent
longer  than  females.  This  increases  to  about  3
per  cent  in  the  following  spring.  In  a  composite
population  of  adolescents  sind  adults  the  male  su-
periority  is  5  per  cent.  Sexual  dimorphism  be-
comes  accentuated  after  the  snakes  are  l|  years
old.  In  an  adult  population  the  males  average  10
to  12  per  cent  longer  than  the  females.  The  long-
est  specimens  are  always  males,  and  in  any  species
the  longest  (rather  than  the  average)  males  are
about  15  per  cent  longer  than  the  corresponding
females.  C.  cerastes  is  a  conspicuous  exception
to  the  rule  of  male  superiority;  in  this  species
the  adult  females  are  about  5  per  cent  longer  than
the  males.

5.  A  summary  is  presented  of  the  average
growth  of  one  subspecies  of  rattlesnake,  C.v.
oreganus  .  derived  with  considerable  accuracy  d\ir-
ing  its  first  year  of  life,  and  somewhat  less
during  the  second.  Young  rattlesnakes  are  born
in  the  early  autumn,  in  most  areas  in  September
or  early  October.  Females  go  into  their  third
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