
ART.  5.  VARIATION  OF  THE  SHAPES  OF  BIRDS’  EGGS
WITHIN  THE  CLUTCH

by
F.  W.  Preston*  and  E.  J.  PRESxoN-j-

Introduction
In  a  previous  paper,  one  of  us  (F.  W.  Preston:};)  discussed  a  method  of

describing  with  precision  the  shapes  of  individual  eggs.  The  size  of  the  egg
may  be  defined  by  its  length  (I  or  2a),  and  its  ellipticity  by  the  ratio  of  its
(equatorial)  diameter  to  its  length  (2&//).  In  that  paper  ovateness  is  indi-
cated  by  a  constant,  Cj,  and  the  biconical  aspect  by  a  second  constant,  Cg.
Alcids  need  a  third  constant,  but  very  few  others  do.

In  the  present  paper  we  are  not  concerned  with  Alcids,  since  they  lay
only  one  egg  to  a  clutch,  and  there  is  thus  no  comparison  between  the  first
and  second  or  last  eggs  of  a  clutch.

The  problem  of  the  present  paper  is  to  see  whether  there  is  any  significant
difference  between  the  eggs  of  a  clutch,  and  if  so,  what  that  difference  is.
A  glance  at  almost  any  clutch  of  eggs  will  show  that  they  are  of  different
shapes,  and  perhaps  of  somewhat  different  sizes.  They  may  differ  also  in
degree  of  pigmentation,  either  of  ground  color  or  of  spotting,  or  both,  and
again  they  may  differ  markedly  in  gloss.  The  question,  therefore,  can  be
formulated  more  precisely.  Are  there  differences  connected  with  the  sequence
of  laying,  and  are  the  differences  correlated  in  any  way?

On  a  visit  to  the  Pea  Island  Refuge,  North  Carolina,  in  June  1951  with
L.  B.  Turner,  the  refuge  manager,  one  of  us  saw  a  modest  number  of  late
nests  of  the  Laughing  Gull  (Larus  atricilla).  Most  of  these  contained
only  two  eggs.  Of  the  two,  one  was  much  more  brilliantly  pigmented  and
more  pyriform  (had  a  higher  value)  than  the  other,  which  was  paler,
duller,  and  more  nearly  elliptical.  At  the  time  we  set  down  the  more  brilliant
egg  as  the  first  of  a  clutch  of  two,  but  lacked  proof  of  it.  The  assumption
was  based  on  observations  of  other  species  long  antedating  this  occasion.

Several  years  ago  Earl  Schriver,  in  a  conversation,  said  that  the  English
Sparrow  (Passer  domesticus)  typically  lays  five  eggs,  of  which  the  last  is  less
pigmented,  more  nearly  elliptical  (less  ovate),  and  commonly  smaller  than
the  others.  He  described  it  as  a  “runt”  egg,  and  believed  it  to  be  the  last
laid.  Examination  of  a  nest  or  two  in  the  Frith  (grounds  of  the  Preston
Laboratories,  Butler,  Pa.)  indicated  a  possibility  that  he  might  be  right,
but  an  examination  of  20  clutches  at  the  Ohio  State  Museum,  through  the
courtesy  of  Dr.  E.  S.  Thomas,  was  inconclusive.  Mr.  Schriver  also  said  that
in  his  experience,  the  American  Crow  (Corvus  brachyrhynchos)  also  tended
to  lay  one  “runt”  egg.  Again,  an  examination  of  museum  clutches,  this  time
at  Carnegie  Museum,  Pittsburgh,  failed  to  be  conclusive.  One  of  the
difficulties  with  museum  clutches  is  that  the  sequence  of  laying  is  unknown,
and  there  is  commonly  some  uncertainty  as  to  whether  the  clutch  is  com-
plete.  An  appeal  for  clutches  where  the  sequence  was  known  and  in  which
it  was  certain  that  all  eggs  were  present  produced  very  little  result.  We  had
*f Preston Laboratories,  Butler,  Pa.
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two  clutches  of  Turkey  Vulture  eggs  loaned  us  by  Homer  Price  of  Payne,
Ohio,  and  one  clutch  of  Black-crowned  Night  Heron  by  Laurel  Van  Camp
of  Genoa,  Ohio.  The  latter  showed  that  the  last  two  eggs  had  a  Cj  value
lower  than  the  first,  while  had  a  higher  (negative)  value  for  the  second
egg.  With  the  help  of  a  young  friend,  James  Glenn,  we  measured  a  number
of  clutches  of  American  Robin  eggs  in  the  Frith  and  nearby,  but  the  labor
was  great  for  the  results  achieved.  Accordingly,  it  became  clear  that  what
was  wanted  was  a  species  which  (1)  nested  colonially  in  large  numbers,
(2)  nested  on  the  ground  so  that  the  nests  could  be  inspected  quickly,
(3)  laid  few  eggs,  preferably  two  but  not  more  than  three,  and  (4)  preferably
laid  eggs  about  the  size  of  those  of  the  domestic  fowl,  which  would  lend
themsleves  to  easy  contouring  and  measuring  by  the  machine  described  in
the  previous  paper  and  by  a  spherometer.

After  studying  various  possibilities,  it  seemed  to  us  that  the  best  available
material  would  be  the  nests  of  the  Laughing  Gull  in  southern  New  Jersey,
near  Stone  Harbor.  We  were  fortunate  in  having  the  help  of  Herbert  H.
Mills  of  the  T.  C.  Wheaton  Company,  an  excellent  amateur  ornithologist,
and  of  Burritt  Wright  and  his  assistant,  Stanley  Quickmire,  of  the  Audubon
Center  of  South  Jersey.  This  paper  accordingly  reports  primarily  on  that
material.

Field  Work
Larus  atricilla  nests  by  thousands  on  a  vast  acreage  of  saltings  just  west

(inland)  from  Stone  Harbor.  The  nests  are  often  no  more  than  two  or
three  feet  apart.  It  is  possible  to  land  readily  in  occasional  coves,  tie  up
the  boat,  and  immediately  begin  operations  among  hundreds  of  nests.  A
rattan  cane  is  pushed  into  the  soft  peat-muck  beside  a  nest  that  contains
only  one  egg.  On  that  egg  a  large  cross  is  marked  with  colored  crayon,
perhaps  green.  This  is  repeated  until  50  nests  are  tagged  on  the  first  day.

The  next  day  all  tagged  nests  are  re-examined,  and  if  a  second  egg  is
found,  it  is  marked  with  a  big  cross  in  red  crayon.  The  third  day  a  purple
crayon  is  used,  and  so  on.  All  50  nests  will  not  proceed  to  completion,  but
with  luck,  at  least  twenty  complete  clutches  will  be  obtained.  The  complete
clutch  will  usually  contain  three  eggs.  When  the  clutch  is  known  to  be
complete  in  at  least  twenty  nests,  all  of  the  eggs  are  contoured  and  spherom-
etered.  This  can  be  done  in  the  field  if  the  weather  is  good.

Apart  from  clutches  that  were  measured  in  the  field,  we  found  it  necessary
(because  of  rain)  to  collect  about  twenty  for  more  detailed  work  at  Butler.
We  had  equally  bad  luck  with  weather  in  trying  to  perform  the  same
experiment  on  eggs  of  the  Common  Tern  and  other  species.  Accordingly,
the  only  species  on  which  we  have  statistically  significant  data  is  the
Laughing  Gull.  With  this  information  worked  out,  we  can  get  some  further
evidence  from  the  others.

The  Statistics  Available

The  sequence  of  laying  in  each  nest  is  known.  The  nests  are  labeled  A,
B,  C,  etc.,  and  the  eggs  in  each  nest  are  labeled  in  the  sequence  of  their
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laying  as  Al,  A2,  A3,  for  example.  When  there  are  only  two  eggs,  they  are
called  U1  and  U2  (for  example)  though,  as  will  be  shown  later,  they  would
better  be  called  U1  and  U3,  or  U2  and  U3.

After  measuring,  profiling,  and  computing,  we  have  the  following  charac-
teristics  available  for  statistical  analysis:

(1)  length  Z,  (2)  maximum  diameter,  here  called  B,  (3)  equatorial  diam-
eter,  here  called  2b,  in  accordance  with  the  previous  paper,  (4)  the  “cubage”

a  figure  roughly  proportional  to  the  volume  of  the  egg,  (5)  the  ellip-
tic!  ty,  2b  1  1,  (6)  the  radius  of  curvature  of  the  big,  or  blunt,  end,  (7)  the
radius  of  curvature  of  the  small,  or  pointed,  end,  R^,  (8)  the  ratio  of  these
radii  R^fRjj,  (9)  the  constant,  or  ovateness,  as  defined  in  the  previous
paper,  (10)  the  constant,  Cg,  the  biconical  term.  These  figures  are  tabulated
in  Table  I,  though  in  a  different  arrangement.

We  also  know,  as  above  explained,  that  any  egg  labeled  A,  for  instance,
was  laid  by  a  particular  bird  (unless  the  birds  parasitize  each  other)  and
that  any  egg  with  a  different  label  (B,  or  C,  for  instance)  was  not  laid  by
this  particular  bird,  for  all  nests  were  contemporaneous,  and  we  can  not  be
dealing  with  the  same  bird  on  two  different  occasions.

The  questions  to  be  asked  are  as  follows:
Eggs  may  differ  from  one  another  because  they  are  laid  by  different

individual  birds;  they  may  also  differ  according  to  whether  they  are  first,
second  or  third  in  the  sequence  of  laying.  They  may  differ  for  other
reasons,  perhaps  many  reasons,  all  lumped  together  in  what  follows,  and
classified  as  “error.”  In  this  sense,  error  includes  any  inaccuracies  of  measure-
ment  or  computation  and  any  variability  due  to  any  cause  whatever,  except
the  consequences  of  being  laid  by  another  parent  or  being  of  a  different
ordinal  number  in  the  clutch.

The  first  question,  then,  is  this.  In  what  respects  (i.  e.,  in  respect  of
which  of  the  characteristics  of  Table  I)  do  eggs  differ  according  to  their
order  in  the  clutch?  More  briefly,  is  the  last  egg  of  a  clutch  significantly
different  from  the  first?

The  second  question  is:  In  what  respects  do  all  eggs  of  a  clutch  bear  the
imprint  of  their  parent  and  differ  from  eggs  of  another  parent?

These  two  questions  require  an  “analysis  of  variance,”  partitioning  the
actual  variance  among  three  factors  —  (1)  the  ordinal  number  in  the  clutch,
(2)  the  variation  between  parents,  and  (3)  the  “error”  or  all  other  causes
of  variability.

As  a  practical  matter,  the  problems  would  be  these:  “Here  are  three  eggs
of  a  clutch.  Pick  out  the  first,  second,  and  third  in  their  sequence  of  laying.”

Or,  a  much  more  difficult  assignment:  “Here  are  60  eggs,  comprising  20
clutches  each  of  three  eggs,  all  shuffled.  Pick  out  all  the  eggs  that  were  the
last  in  a  clutch.  Also  sort  the  eggs  into  the  20  original  clutches;  i.  e.,  identify
the  parentage  of  each  egg.”

There  is  a  still  more  difficult  problem:  “Here  are  60  eggs  (or  600)  picked
at  random  from  a  large  number  of  nests  of  a  single  species  of  bird.  Deter-
mine  the  most  probable  clutch  size  of  the  species.”
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Figures in ( ) are only approximate and not to be relied upon. This was because of the accident mentioned.

Clutch F, broken in transit, is not included.
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Results

It  is  not  necessary  to  go  through  all  the  intricate  computations  that  were
made.  We  can  simplify  matters  by  reporting  the  outcome  of  most  of  them
very  briefly.  There  were  available  16^  clutches  of  three  eggs  each,  and  four
clutches  of  two  eggs  each.  On  the  basis  of  these  clutches,  we  find:

1.  The  most  striking  thing  is  that  eggs  fall  into  two  categories,  “normal”
eggs  and  “terminal”  eggs.  The  first  and  second  eggs  of  a  clutch  of  three  are
not  safely  distinguishable  from  one  another  by  any  of  our  statistical  “char-
acteristics,”  but  the  third  egg  can  be  picked  out  from  the  others.  When  a
clutch  consists  of  only  two  eggs,  one  egg  is  “normal”  and  the  other  terminal.
This  confirms  the  impressions  of  Mr.  Schriver  and  our  own  suspicions  at
Pea  Island.

2.  The  length  (/)  of  the  egg  does  not  differ  significantly  either  between
the  eggs  of  a  clutch  or  between  the  eggs  of  different  parents.  It  is  therefore
of  no  statistical  use  for  our  present  questions.  On  the  other  hand,  the
maximum  width  (B)  is  very  significantly  different  between  the  third  egg  of
a  clutch  and  the  others.  It  is  less  for  the  third  egg,  and  given  that  three  eggs
come  from  a  single  clutch,  the  third  may  be  picked  out  with  almost  mathe-
matical  precision  by  choosing  the  one  with  lowest  maximum  diameter.

3.  The  curvature  of  the  small  end  of  an  egg  is  without  significance,  but
the  curvature  of  the  blunt  end  is  highly  significant,  the  third  egg  of  a  clutch
having  a  low  value  of  Rj^.  The  ratio  R^jR^,  somewhat  surprisingly,  is  almost
without  significance.

4.  The  ellipticity  {2b  /I),  like  I  itself,  is  of  no  significance  in  attempting
to  sort  out  clutches  from  one  another,  or  in  sorting  out  the  sequence  of  a
clutch.  Also,  we  find  no  use  for  the  cubage  since  the  significant  element
is  B  itself.

5.  The  constant,  does  not  differ  significantly  within  a  clutch,  and
between  different  clutches  it  differs  hardly  consistently  enough  to  be  useful
in  practice.  The  other  constant,  on  the  other  hand,  differs  very  signifi-
cantly  within  clutches,  though  between  different  clutches  it  is  not  so  sig-
nificant  in  this  respect  3ls  B.  It  is,  therefore,  likely  to  prove  most  useful  in
separating  out  terminal  eggs  from  a  large  batch  of  assorted  eggs.

It  follows  that,  of  the  various  statistics,  only  three  are  useful,  or  “signifi-
cant,”  for  our  purposes,  jB,  R^  and  c^.  These,  however,  are  not  all  useful
for  the  same  purposes,  and  the  precise  question  that  is  asked  will  determine
which  characteristic  should  be  analyzed.

If  we  are  given  three  eggs  of  a  clutch  and  are  told  to  pick  out  the  third
egg, we use B.

If  we  are  given  60  eggs  and  told  to  pick  out  the  20  “last”  eggs,  we  use  c^.
If  we  are  given  six  eggs  and  are  told  that  they  comprise  two  clutches,  and

are  told  to  separate  them  into  those  two  clutches,  our  best  plan  would  be
to  operate  with  B.

*  There  were  16  for  profile  work,  but  only  15  for  end  curvature  determinations
(because of an accident).
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It  seems  that  tends  to  parallel  Cj,  but  it  is,  theoretically,  only  par-
tially  dependent  on  q,  and  is  partly  independent.  Its  field  of  utility  is
perhaps  a  little  less  than  that  of  Cj,  but  it  must  be  remembered  that  it  is
more  easily  measured,  if  a  spherometer  of  the  right  kind  is  on  hand.

In  Table  II  are  listed  our  findings  as  to  the  “significance,”  and  hence  the
utility,  of  the  various  characteristics.  The  percentage  of  the  variance  assign-
able  to  the  three  categories  (ordinal  number  in  the  clutch,  different  parent-
age,  and  “error”)  is  also  given.  The  method  of  computation  is  as  follows.

The  total  variance  of  each  characteristic  is  first  partitioned  into  that  due
to  sequence  in  a  clutch,  that  due  to  different  parentage,  and  the  “error.”
Estimates  of  each  of  these,  isolated  from  the  other  two,  are  computed.  If
there  were  m  clutches  of  n  eggs  each,  the  mean  value  of  the  characteristic
for  the  Lth  clutch  was  and  the  mean  for  all  Ith  eggs  was  Xi,  the  mean  of
the  total  being  x,  we  should  have:

Variance  due  to  sequencer:  m2

Variance  due  to  parentage  —  n2

1  (n-l)

(^L-W  _  y
1  (m-1)  "

mn
Variance  due  to  “error”—  2

1

n  m
(x—x)^—m'2  (xi—xf—ni:  (xj—x)-

1  1
•zzV.

(m— l)(r?— 1)

Vg  Sequence  variance  Parentage  variance
The  ratios  =  and  =•

Fg  Error  Fg  Error

are  then  found.  These  ratios  are  measures  of  the  significance  of  the  variances
due  to  sequence  and  parentage.  If  there  were  in  reality  no  variance  other
than  error  (i.  e.,  the  true  value  of  the  computed  ratio  were  zero),  the  ratio
computed  from  a  small  sample,  although  not  zero  (owing  to  sampling  errors)
would  generally  be  small.  In  fact,  in  99%  of  computations  on  similar  small
samples,  its  value  would  not  exceed  a  certain  limit,  called  the  1%  point,
and  in  19  such  trials  out  of  20,  its  value  would  not  exceed  a  certain  (smaller)
limit,  called  the  5%  point.  G.  W.  Snedecor’s  tables*  of  these  1%  and  5%
points,  or  F  values,  for  different  sized  samples,  were  used  in  the  present
investigation  as  the  criterion  of  significance  of  variance.  Thus,  if  the  com-
puted  ratio  exceeded  the  1%  point,  the  variance  was  considered  “signi-
ficant”;  if  it  was  less  than  the  5%  point,  the  variance  was  “not  significant”;
while  if  the  value  of  the  ratio  was  between  the  1%  and  5%  points,  the
variance  was  called  “barely  significant.”

The  computed  ratios,  F  values,  and  significances  relating  to  the  variances
of  the  different  characteristics  are  tabulated  in  Table  II.

*  G.  W.  Snedecor.  Statistical  methods,  applied  to  experiments  in  agriculture  and
biology.  Ed.  4,  1946.  Collegiate  Press,  Inc.,  Ames,  Iowa.
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Next,  the  relative  importance  of  the  different  causes  of  variance  is  deter-
mined  by  computing  the  variability,  as  follows:

Variability  due  to  sequence  =  <r/  =

Variability  due  to  parentage  =  =

Variability  due  to  error  =

The  percentage  partition  of  variability  among  the  three  categories  is  then
found,  the  total  being  100%,  and  by  extracting  square  roots,  the  coefficient
of  variability,  <t,  expressed  as  a  percentage  of  the  mean  value  of  the  charac-
teristic  may  be  computed.  All  these  quantities  are  tabulated  in  Table  II.

Analyses  of  variance  carried  out  for  the  various  characteristics  on  the  first
two  eggs  of  each  clutch  alone  showed  no  significant  difference  for  any  char-
acteristic.  Results  of  this  are  not  given  in  Table  II.

It  will  be  obvious  that  there  is  no  real  prospect  of  identifying  the  parent-
age  of  an  egg  by  any  criterion  listed.  The  question  whether  an  egg  is  a
normal  egg  or  a  terminal  one  is  all  that  can  be  decided.  For  this  purpose,
B  is  the  best  statistic  when  a  single  clutch  is  offered,  and  c^,  when  a  random
collection  is  offered.  This  is  because  varies  but  little  from  bird  to  bird,
but  greatly  between  normal  and  terminal  eggs.

Examination  of  the  mean  values  of  each  characteristic  for  the  first,  second,
and  third  eggs  of  a  clutch  respectively  (Table  II)  shows  that  for  B,  Cj  and

(the  characteristics  in  which  we  are  primarily  interested)  the  third  egg
tends  to  have  a  value  lower  than  the  first  two,  which  barely  differ  from  one
another,  while  Cz  tends  to  have  a  higher  (negative)  value  for  the  second  egg
than  for  either  of  the  others,  though  this  does  not  occur  consistently  enough
to  be  significant.  It  is  therefore  evident  that  the  first  two  eggs  of  clutches
can  not  be  accurately  distinguished  from  each  other,  but  the  third  egg  may
be  separated  from  the  others  with  some  considerable  accuracy  by  examining
their  characteristics.

Accordingly,  two  experiments  were  performed  on  the  available  sample.
First,  the  experimenter  was  given  the  values  of  48  eggs,  and  the  Rjj  and  B
values  of  45  eggs,  and  told  to  identify  the  16  “last”  eggs  of  the  48-egg
sample,  and  the  15  “last”  eggs  of  the  45-egg  sample.  By  choosing  those  eggs
with  the  least  c^,  R^  and  B  values  in  each  case,  and  comparing  with  the
known  data,  the  following  results  were  obtained.
Characteristic

•This  value,  31.25%,  or  5  out  of  16,  is  the  most  probable  accuracy  that  would  be
obtained  in  one  random  choice  of  16  eggs  from  the  48.  If  a  larger  number  of
similar  random  trials  were  performed,  the  expectation  would  of  course  be  33.3%.
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Secondly,  the  experimenter  was  given  the  information  used  in  the  first
experiment,  but  was  also  told  which  eggs  were  in  the  same  clutch.  By
choosing  the  egg  from  each  clutch  with  the  lowest  value  of  c^,  Rj^,  or  B,
the  fractions  of

The  random  expectations  of  accuracy  were  the  same  as  in  the  first  experi-
ment,  Actually,  in  the  last  case,  100%  accuracy  was  very  nearly  obtained,
the  difference  in  width  of  the  second  and  third  eggs  of  the  only  “wrong”
clutch  being  only  0.001  inch!

Since  depends  for  its  significance  on  B,  from  which  it  is  derived,  it
serves  no  useful  purpose  that  B  alone  can  not  serve  in  differentiating  be-
tween  eggs.  To  make  sure  that  and  are  not  similarly  related,  the
following  formulas  may  be  considered.

2b^
Rb~  +  +

I

2b^
Rp=  (1  —  Ci  +  Gg)®

I

B  —  bi2-\-c^^)  approx.,  when  =  equatorial  diameter

The  connection  between  Rp  and  q  is  obviously  not  simple,  and  their
significances  for  our  purpose  are  not  identical.

In  an  attempt  to  account,  in  some  measure,  for  the  different  variances  due
to  error  (Table  I),  the  experimental  errors  were  roughly  estimated.  This
showed  that  the  difference  in  error  found  between  B  and  (coefficients
1.2  and  13.1,  Table  I)  is  due  largely  to  experimental  error  (probable  rela-
tive  errors  0.13%  and  3.35%);  Rp  also  has  a  large  relative  error  (1.54%).

Finally,  the  four  two-egg  clutches  available  were  examined,  and  the  two
eggs  appeared  to  be  most  similar  to  the  first  and  third  eggs  of  three-egg
clutches,  although  the  sample  was  much  too  small  for  any  significance  to  be
attached  to  this  result.  The  two  eggs  differed  most  in  q  and  c^.

Summary

In  general,  the  analysis  may  be  said  to  show  that  the  terminal  egg  of  a
clutch  of  the  Laughing  Gull  differs  significantly  from  the  earlier,  “normal,”
eggs  in  several  particulars.  It  is  probable  that  this  is  also  true  for  many
other  birds,  and  if  so,  our  results  may  lead  to  several  useful  applications.

Only  quantitative  characteristics  are  used  in  this  paper.  Other  properties.



1953  Preston:  Variation  of  the  Shapes  of  Birds'  Eggs  139

such  as  pigmentation  of  background  or  of  spotting,  not  here  reduced  to
quantitative  measurements,  may  be  as  useful  or  more  so.

The  fact  that  the  terminal  egg  is  different  is  here  proved.  The  reason  for
its  being  different  is  not  discussed.  This  is  presumably  a  matter  of  the
physiological  condition  of  the  parent,  and  this  may  lead  to  further  under-
standing  of  the  subject.

Although  this  paper  establishes  the  fact  that,  for  this  particular  collection
of  eggs  of  this  particular  species,  there  is  a  significant  difference  between
terminal  eggs  and  the  other  eggs  of  a  clutch,  and  although  the  investigation
was  undertaken  in  the  hope  that  it  might  develop  results  applicable  to  birds
in  general,  it  should  be  understood  that  no  claim  is  made  that  this  has  been
accomplished.  It  may  be  that  other  species,  or  even  the  same  species  under
different  conditions,  do  not  show  the  same  phenomena.  However,  qualitative
observations  suggest  that  this  is  probably  not  the  only  collection  of  eggs  for
which  some  such  results  would  be  valid.

Kendeigh*  (1941)  found  that  the  weight  of  eggs  of  the  House  Wren
{Troglodytes  aedon),  near  Cleveland,  Ohio,  varied  with  the  temperature  of
the  days  immediately  preceding  laying,  and  that  there  was  an  optimum
temperature  (about  20  deg.  C.)  at  which  weight  was  greatest  for  May  and
June  clutches.  The  effect  of  temperature  upon  the  size  of  eggs  of  the
domestic  fowl  had  been  noticed  by  others  (See  Kendeigh’s  bibliography).  The
possibility  that  temperature  variations  may  have  affected  the  size  and  shape
of  the  eggs  of  the  Laughing  Gull  herein  discussed  is  not  disproved  in  the
present  paper,  but  in  view  of  later  observations  is  believed  not  to  be  a
major  factor.

*S.  Charles  Kendeigh.  Length  of  day  and  energy  requirements  for  gonad  develop-
ment  and  egg-laying  in  birds.  Ecology,  July  1941,  v.  22,  p.  237-248.
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