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IMTRoDUCTIC !d 

Organisms may be s tud ied  i n  r e l a t i o n  rc s e v e r a l  types  sf 

poss ib l e  d i s t r i b u t i o n :  2 - d l ~ ~ e n s i c n s l  ( s u r f a c e )  d 5 ~ t r i b u t i o n .  ? -d5~.e rs ionnl  

( s u r f a c e  p lus  d i s t a n c e  above o r  below sonls i n t e r f a c e )  cizt~ibuiio!:, and 

d l s t r i b u t i m  I n  t ime.  

D i f f e r e n t  r ep rcduc t ive  s t r a z g i e s  w i l l  be r e f l e c t e d  i n  d i f f e r i n g  

u t a l i z a t i o n  of t h e  phys i ca l  and. temporal  environnent  a s  w e l l  a s  i n  

v a r i a b l e  phys io log ica l  coniponents such a s  o m .  s i z e ,  c l u t c h  volume erd 

ovh pe r  c lu t ch .  The same i n d i v i d u a l  may vary  i n  i t s  response over 

i t s  l i f e t i m e .  

The egg masses of t h e  leopard f r o g ,  Rana p ip i ens ,  were s tud ied  

i n  t h e  sp r ing  of  1976 t o  d e t e r n i n e  what r e l a t i o n s h i p s  e x i s t e d  between 

c l u t c h  d i s t r i b u t i o n  i n  time and sFace and c l u t c h  volume, ova p e r  c l u t c h ,  

and ovum s i z e .  

)ATf:>JMS AN3 ?4aTfiODS 

Observations o f  a breeding aggrega-tion i n  Fond #7 of  Sawhi l l  

Ponds were made from 17 Warch 1975 t.o 14 A p r i l  i978 a t  i n t e r v a l s  of 

frcm one t c  t h r e e  days through 31 Larch 1978, and approvlmately 

weelcly xhereaft .er .  Lirriitec obse rva t ions  from 1376 and 1977 a re  a l s o  

included.  Unless noted,  t h e  d a t a  a r e  from 1978. 

The presence of ca l l i r i g  maes w a s  nc ted ,  and a v i s u a l  search  made 

f o r  c lu t ches  a long  t h e  shore and i n  t h e  breeding a r e a .  Wher! egg masses 

were discovered t h e  disAtance fron: t h e  c e n t e r  of  t h e  mass t o  t h e  n e a r e s t  

c e n t e r  of another  mass was measured, a s  was t h e  water  depth  and d i s t a n c e  

from t h e  t o p  of t h e  egg mass t o  t h e  water  s u r f a c e  (water  c l ea rance ) .  

The egg rrass was p u t  i n t o  a graduzte  cy l inde r  and t h e  volwie  measured 



t c  t h e  n e a r e s t  m i l i l i t e r .  A nmSerec t a g  was tnen  looped around t h e  

egg mass and t i e d  t c  v e g e t a t i o n  as near  a: poss ib l e  t o  t h e  s f c e  of 

d i scovery .  A s r r a l l  sanlple of eggs taken fron! t h e  nsss was counted ar?? 

placed i n  a sniall g raduate  c y l i n d e r  an& the dis21acernert measured t~ 

t h e  n s a r e s t  t e n t h  of a m i l i l i t e r .  From this tin es t ima te  of  eggs per  

c l u t c h  was c a l c d a t e d .  

The v i t e l l u s  of t e n  eggs fibon! each mass was neasurec! ~ 5 t h  v e r z i e r  

c a l i p e r s  and apprcximate s+age of development (Gosner l y50)  recorcied. 

Uevelopmental s t a g e s  w e r e  checked on two o t h e r  occass ions  

i n  t h e  course o f  t h e  expe r inen t ,  and t h e  temperature of t h e  egg mzsses 

1;as recorded once. 

Pond $7 of Sawhi l l  Fonds i s  l o c a t e d  i n  TlK, R7Oii, XX$S~C 23 a t  

an  e l e v a t i o n  of about  1570m. The ponds a r e  a s e r i e s  of abandoned gravel 

p i t s  i n  t h e  f l o o d p l a i n  of Boulder Creek. Zons t ruc t ion  was i n i t i a t e d  i n  

t h e   id-19501s and t h e  p i t s  abandoned i n  1964 (Xetger,  Colo. Div is ion  of 

' r ~ i l d l i f e ,  personnal  communication, 1978). The ponds have t e e n  leased 

s ince  1973 fron t h e  s+&te of Colorado by t h e  City of Boulder. 

15:ost breeding i s  seen  O R  t h e  s cu th  s i d e  of t h e  pcrd i n  an a r e e  of 

shel low water .  The a r e a  used f o r  breeding %:as es t imated  by pacing. 

The weather  d a t a  were obta ined  from t h e  National  kieatner Se rv i ce  

a t  Denyer, a s i t e  about 42 kr:: froxi t h e  s tudy  a r e a ,  

icESUI.TS 

Twenty-six c lu t ches  were observed; a l l  were pro'kxib2y laid i n  

a two week per iod  (see  d i s c u s s i o n ) .  !*\ales were heard c a l l i n g  17 Narch 1978, 

and t h e  f i r s t  c l u t c h  d i s c ~ v e r e d  19 !<arch 1976. Fcur tsen  of  t h e  26 

c lu t ches  were found by 22 Earcii 1978. O v a p s i t i o n  tool< p lace  i n  water  

7-17 cm deep, w i th  a mean w a t e r  d e ~ t h  o f  11.2 0.5 cm, n=24. 

The mean water  c l ez rance  was 2.4 2 0.3 cm, n=24. Yo r e l a t i o n s h i p  betweeri 

water  depth --;d water  clezrance xas observed. 



The meap d i s t a n c e  between n e a r e s t  neighbors was 34.1 2 6 .2  cx, 

n=22. ?;hen t h i s  in farmat ion  was p l o t t e d  on a gr idaed  paper ,  t he  mean 

nmber of c l u t c h e s  i n  t h e  35 u n i t  g r i d  per  80 % 6L1 cn: g r i d  nit was 

es t imated  t c  be 3.6i  k 0.29,  n=36. The n e a r e s t  neighbor d a t a  f i t  

a  nega t ive  binomial d i s ~ r i S u t i o n ,  while  t h e  c i u t c k e s  per  grid u n i t  

d a t a  f i t  both t h e  Foisson and negat ive  binomial d i s t r i b u t i o c  when t e s t e d .  

The 'kl  fro^. t h e  negat ive  binorl ia l  was then  used t o  determine t h e  

index  of aggrega t ion  where r = ( m e a ~ .  ~ ) / 2 k .  V i s  a func t ior .  wi th  a  Chi 

Square d i s t r i b u t i o n  and i t s  va lue  can be found by looking  cx a  Chi Square 

t a b l e  a t  t h e  0.5 l e v e l  w i th  2 1 ~  degrees  of freedom. I f  A i s  g r e a t e r  than  

2 ,  an a c t i v e  process  has inf luenced  the  a g g r e ~ a t i o n .  Envirom.enta1 

f e a t u r e s  cause t h e  aggregat ior ,  i f  ', i s  l e s s  t ian 2 .  ?he index  of 
\ 

a&regai.ior: f o r  t h e  nea res t  naigiiiS.r!r niathod i\rzs 2'j.cJ3, for grid 

u n i t s  i.t was 3.16. 

If t h e  d j s t r i b u t i c n  of r e f l e i ~ i v c  p a i r s  was rarkon: ( a  rezyexive 

p a i r  being one i n  which two nasses  uou i a  be nearest  neighkors of 

each other!  t h e  expected proportic.:% of r e f l s x i v e  F a i r s  would 5e C.6215. 

The observed p ropor t ion  was 12/2f 0:- .545. k i t h  one degree of f reedox 

t h e  observed p ropor t ion  was not  s i g n i f i c a n t i y  d i f f e r e n t  frorc Poisson. 

Ro t e s t  was made t o  determine i f  the n u l l  hypothes is  of t h e  observed 

p r o p o r t i ~ n  of  r e f l e x i v e  p a i r s  f i t t i n g  the f i e ~ a t i v e  b i n o r i a l  was made. 

Using Clark  and Evans' (19jl;j a t a r e s t  neigL5or r e tho@,  a r a t i o  

of cbserved mean d i s t a n c e  t o  n e a r e s t  neighbors t o  t h e  expected mean 

d i s t a n c e  was c a l c u l a t e d .  The observed mean d i s t a n c e  was 34.1 cm, and 

t h e  expected d i s t a n c e  was 56.k crr. when t h e  d e n s i t y  was 22 i n d i v i d u a l s  

5 p e r  2.5 X 10 cm". The t e s t  c f  s i g n i f i c a n c e  i n d i c z t e d  t h a t  t h e r e  was 

only a  G.04:i chance t h a t  t h e  cbserved d i s t r i b u t i o n  vas randox. 

. , 
A s  c l u t c h  volume inzreassd. ,  tne number of  eggs pe r  c l u t c h  a l s o  

inc reased  ( -. 6) .  The rr.ean vulurne per  c l u t c h  was 87.7 12.8 d, 



n=l9 ,  and t h e  mean number of  eggs per  c l u t c h  was 2824 & 3 9 ,  n=l9.  

A s  c l u t c h  volume inc reased ,  t h e  mean egg d iameter  a l s o  tended t o  

i n c r e a s e  (F ig .  7 ) .  ivhen t h e  t o t a l  volume p e r  c l u t c h  of  v i t e l l u s  was 

p l o t t e d  a g a i n s t  t h e  nean volume of  v f t e l l u s  pe r  s i n g l e  egg it was 

seen t h a t  t o t a l  volume cf v i t e l l u s  pe r  c l u t c h  a i d  not  i n c r e a s e  nuch 

u n t i l  t h e  mean volume pe r  egg reached about  3.6 mrr.3 (F ig .  8 ) .  

i l iameters recorded i n  t h i s  s tudy  were w i t h i n  t h e  ranges r epo r t ed  by 

Wright and Wright (1970) and Ruibal  (1955). 

A s  t h e  number of eggs pe r  c l u t c h  inc reased ,  t h e  egg d iameter  a l s o  

tended t o  i n c r e a s e  '(Flg. 9).  

The g r e a t e s t  number of  c l u t c h e s  was ovaposi ted between 20 March 

and 2 3  Nareh 1978. Th i s  a l s o  was where t h e  t o t a l  volume of  c l u t c h e s  

was g r e a t e s t ,  t h e  mean volume of c lu t ches  was g r e a t e s t ,  t h e  mean number 

of  eggs p e r  c l u t c h  was g r e a t e s t  and t h e  t c t a l  n m b e r  of eggs was 

g r e a t e s t  f 6 r  t h e  pe r iod  f o r  which t h e r e  i s  d a t a  ( s e e  F ig .  10a and 10b ) .  

The mean egg diameter  was h ighe r  i n  t h e  pe r iod  between 24 Piarch ar.d 

27 Iv,arch 1978 than  f o r  any o t h e r  per iod  f o r  which theye  i s  d a t a .  

Ca l l i ng  cy males cont inued from 17 Ivlarzh t o  a t  l e a s t  8 A p r i l  1978. 

Flost males were heard c a l l i n g  from wi th in  t h e  r a i n  n,2rt ion o f  t h e  

Sre,edin,z a r e a ,  a l though the c e n t e r  of t h e  cilorus appeared t o  change 

a s  t h e  season progressed.  Nales were occas s iona l ly  heard from t h e  a r a a  

n e a r  t h e  two smal l  i s l a n d s  no r th  of t h e  main breeding a r e a .  When 

t h e  d i s p e r s i o n  of males became ev iden t ,  about  8 A p r i l ,  spo rad ic  c a l l i n g  

was heard from t h e  shore  and po r t ions  of t h e  pond t h a t  had n o t  had 

any c a l l i n g  frorn before.  

Ro e s t ima te s  of ha tch ing  success  were made from t h e  egg masses 

l a i d  i n  t h e  pond, bu t  w i t h  one except ion  they  appeared t o  be high.  

Larger  egg masses seemed t o  hase  more dead eggs t h a n  sma l l e r  egg 

massas, e s p e c i a l l y  nea r  t h e  c e n t e r .  One egg mass had O$ hatching  



success  and no apparent  development of .ommi. 

DISCUSSION 

The breeding season o i  Ran2 p i p i e n s  i s  r e l a t i v e l y  s h o r t  i n  

a n r a t i o n  a t  S a u h i l l  Fonds, and i s  h- i thip t n e  c a l l i n g  seassn .  The 

c a l l i n g  season appears  t o  be i n i t i a t e d  by tempers ture ,  a l though 

photoperiod nay p l ay  some r o l e .  k s2cond c a l l i n g  seasan  i n  t h e   earl;^ 

f a l l  i n  Texas seems to be i n i t i a t e d  by r a i n f a l l  (2 i a i r  1561).  

The c a l l i n g  of m l e s  i s  t h ~ z g h t  t o  a f f e c t  t h e  hormonal s t a t e  of 

female anurans (Garton and Brandon 1975, Olahan 1974, P o r t e r  1972, 

RaSS 1973) and may induce t h e  f i n a l  r i pen ing  of the  eggs. The ovum 

?"SS i n t o  t h e  pseudouturus where, i n  3ana p i ~ i e n s ,  t h e y  may remain 

f o r  up t o  t h r e e  clays ( G l d t ~ s ~  1974) before  ovapos i t ion .  

A r i p e  o- near ly  r i p e  female e n t e r s  t h e  breeding a r e a  and 

s e l e c t s  a male. Dominant m le s  may be s e l e c t i v e l y  sought  ou5 

Qi f e m l e s  (iiabb 1973) and then  l a y  t h e i r  eggs w i t h i n  t h a t  malt9s 

t3rr i to1-y ( ; J e l l s  1976).  T e r i - i t o r i a l i t y  may o r  nay no t  br? p r e s ~ n t  i n  

Rana p i p i e n s  b u t  i s  probably more comnon i n  anurans which breed i n  

?ernanent water  than  i s  c - ~ r r e n t l . 7  known ( P o r t e r  1972: 460-462). 

In t h i s  way a dominant , m l e  car. i nc rgase  both tlz B s o l u i e  nuvber 

o f  descendants  and i t s  r e l a t i v e  cor:%ribution by reducing t h e  nurnber 

con t r ibu ted  by conspez i f i c s  (Verne: 1977) . P r e s u ~ a b l y  t h e  dominant 

male would a l s o  have i t s  c a l l i n g  ~ e r r i t o r y  i n  t h e  n c s t  s u i t a b l e  

h a b i t a t  so  t h a t  a n  advantage wo-dd be confer& on i t s  o f f s p r i n g  

through d i f f e r e n t i a l  s u r v i v a l .  Some anuran males,  however, n i y  n ~ t  

be a b l e  t o  spawn more tnan  once per  y e a r  (F-suudacris t r i s e ~ i a t a ,  

P e t t u s ,  1978, personal  corrmunication). i h e t h e r  Rana p i p i e n s  n a i e s  

can f e r t i l i z e  mu l t ip l e  c lu t ches  i s  no t  known. 



If Fans p ip i ens  males a r e  t e r r i t o r i a l  and a b l e  t o  f e r t i l i z e  m u l t i p l e  

c lu t ches ,  t h e  agg rega t ion  of  7 c l u t c h e s  w i t h i n  a space of  41 cn ray 

be t h e  r e s u l t  of a  dominant n z l e  being selecteci.  Other  ~ o s s i b i a  

exp la inz t ions  inc lude  a  f avo rab le  temperature i n  t h e  a r e a  o r  o t h e r  

g r z l n  cf t h e  h a b i f ~ t ,  07 t h e  r e c o g n i t i o n  of a n  a r e a  ~ i i t h  sFem (whick 

xould inc reasa  t h e  chance 5 r  a t  l e a s t  some of t h e  o ~ m  i t ;  a  c l u t c h  

n e t t i c 5  f e r t i l i z e d  even i f  t h e  a z l e  p a r t n e r  i s  s t e r i l e ) .  Crowding C 

2s 2 defense a g a i n s t  p reda to r s  i s   roba ably no t  a c t i n g ,  a s  t h e r e  :.:as 

rlo d i s tur 'mnce  of any c l u t c h  'c;. i s s e c t s ,  waterfowl, o r  t u r t l e s  

observed. Salamanders and f i s h  wsre n o t  p rc sen t  i n  Pond $7. Fun;;i 

seen on eggs i n  s e v e r a l  riassec; t h i s  is thought  t o  be sapr:)voric 

(!;'ood:*ufl 1976, Port.er 1972, Krarzer 1979, Ze r re id  an.? Kinney 1955). 

Whlie most nas ses  a p p a r 3 4  t o  have r e l a t i v e l y  h igh  ha tch ing  

success ,  one egg mass had na s u c c e s s f u l  hstc?:ings and no apparent  

o ~ u ? ;  development. Th i s  c l u t c h  was ~robalol-7 rmt successfu l2y  

fertilized. Woodruff (1976) reports r e l a t i v e l y  low m o r t a l i t y  

zfter developxen-L comerices,  v i t h  ~0s ' :  n o r t a l i t y  &el- t h a t  p o i n t  

occurr ing  dur ing  g a s t r u l a t i o n .  A lower proporti .on of  eggs  may 

be f e r t i l i z e d  i n  anurans t h a t  d e p o s i t  eggs i n  water  (i4oodruff 1976). 

In t h i s  s tudy ,  egg masses t h a t  were l a r g a r  t snded  t o  hava more 

dcad eggs, e s p e c i a l l y  nea r  t h e  c e n t e r ,  t han  sma l l e r  egg misses.  

Holl(2nbesk (1978, porso1:al c o ~ ~ m n - i c a t i o n )  observed t h i s  e f f e c t  

w i t h  Ram. p r e t i o s a .  I\!o s.Ludy i n d i c a t e s  any d i f f e r e n t i a l  w i t h  

c lu t ch  s i z e  i n  anurans t h a t  la:: a l l  t h e i r  eggs i n  one mass a s  Rana - 
p ip i ens  does.  F o s s i b l e  causes  f o r  t h e  i n v i a b i l i t y  of eggs near  

t h e  c e n t e r  o f  a  nzss nay kc t h a t  sperm do no t  p e n e t r a t e  cr cxygen >., 

d e p l e t  ed near  t h e  ceni.er. k s  tkr: egE mass+r; i n  t h i s  stucty were 

r ea t t ached  t o  vege ta t ion  by being t i ed ,  t h i s  nay have had a n  e f fe- t  

3 ,  

on v i a b i l i t y .  Tf t h e  tenciance l o r  x c r t  zesc eg2s i r ,  l a r g e r  egc  niassns 



was not  a n  a r t i f a c t  fron: t h e  egg mass b e i n s  t i e d  te vegecat5.0n, it i s  

poss ib l e  t h a t  s e l e c t i c n  would s c l l l  f a v o r  an  inc reaso  i n  c l u t c h  s i z e  

so ion, s s  t h e  number of eggs o- s u ~ ~ l v 3 r s i i l ~  i nc reased  zit a gr ,za te r  

r a t e  than  t h e  nuxber of dead eggs  i n  t h e  c e n t e r  of  t h e  m s s .  

. . The d i s t r i b u t i o n  of the e:?? - - masses x i t h i n  t h e  S r e z . z ~ n c  .> zrea 

c;n be  zorlsidered Poisson ( g r i d  u n i t s ,  r e f l e x i v e  p a i r s )  o~ negat ive  

b i n o n l a l  ( g r i d  units, n e a r e s t  neighbor d i s t a n c e s ,  n e e r e s t  neighbor 

method of Claric =;z,rl Evans l y p j .  B i o l o g i c a l l y ,  e i t ' l o r  i x t r u p r e t ? t i o n  

r i ~ y  be c o r r e c t ,  and t h e  m.echanisxs involved i n  choosing t h e  s l t e  cf 

~ ~ r a p o s i t i o n  should be lcnawn. 

5oth  t h e  water  depth  a ~ d  ~ a t e r  c l ea rance  were normally d i s t r i b u t e d ,  

b : ~ t  un re l a t ed .  There was no t  a cooresponding i n c r e a s e  i r i  water  c i ~ a r a n c e  

c ? ~  water depth  i ~ r r e a s e d ,  1arcei.y beczuse t h e  ezg  niss t l s  were z t t a c h e a  

t o  veg"+ktion. I n  f a c t ,  a n  egg m s s  l a i d  i n  the deepes t  water  had one 

cl" the r:.cat shal low i.rater c l ea rances .  kiater near  t l l ~  s ~ r f ~ c c i  tends  

Lo h e a t  up more q z i c k l y ,  wi;.,ic> would speed up t h e  develcp~.er i i  cf th? eggs .  

. . 
-4r.3xic ccnd i t i ons  Ir~ny prevai; :n deeper wa te r ,  which -~:suld a l s o  r e q u i r e  

t h e  eggs tc be pos i t i oned  near  t h e  s u r f a c e  (Garton end B r a n d c ~  1975).  

Dess ins t ion  i s  p r o h b l y  n o t  u s u a l l y  a sen ious  probien  f o r  egg m s s e s .  

The data f o r  egg d iameter ,  c lutci l  v o l m e ,  and eggs pe r  c l u t c h  i s  

d i f f i c u l t  t o  ana lyze  wi thou t  t h e  impor tan t  ciaturn of   bat female ( o r  

what s i z e  female) l a i d  a  given egg mass. Ryan (1953) sugges ts  t h a t  

a fet; i n d i v i d u a l s  may breed t h e  sp r inu  fo l lowing  m e t a ~ o r p h o s i s ,  whlle  

212 a r e  probsbiy a d u l t s  and breed two y e a r s  a f t e r  t hey  were eggs.  

Younger f r o g s  trould be p u t t i n g  more energy i n t o  growth than  o i d e r  

f r o g s ,  w h i ~ h  !r ight  expend sonewhat more on c a i n t a i n c e  cia? te t h ~ i r  

l a r g e r  body s i z e .  I f  a l l  breedin2 fernjles were t h e  same size and 

had ",e sams arr,ount of energy t o  put  i n t o  a  c l u t c k ,  pa~ . t i t io r ; inc  
---i 

wollld take r' a long  t h e  n m b e r  of egzs v s .  v i t e l l u c  s i z o  ( e - -  
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diameter .  An i n c r e a s e  i n  vo1m.e and energy a v a i l a b l e   lo^ egg product ion 

could be u t iL ized  i n  an  i n c r e a s e  ic ezg nu~..ber, egz diameter ,  o r  both.  

Several s t u d i e s  have i n d i c a t e d  tiat a s  body s i z e  i n c r e a s e s .  bnkh b-.t:;eer! 

and rzi thin s p e c i e s ,  both eE;g s i z e  a i d  egg number i n c r e a s e  vrithir, a 

given r ep roduc t ive  node ( F e t t c s  an2  Angleton 1957, S a l t h e  1969, Sa l t t . 2  

and Duel l ran  1973, Shoo? 1974, k i l b u r  1977). I n  t h i s  s tudy  t h e r e  soens 

t o  be s t r o n g  p re s su re  t o  main ta in  k s t h  a  mininm n m b e r  of eggs pe r  

c l u t c h  and a nAni~num o m  d i a n e t e r .  F igure  9 appezrs  t o  i n d i c a t e  

t h a t  a s  addi t ior ia l  r e sou rces  become a v a i l a b l e  most i n d i v i d u a l s  i n c r e a s e  

ovun s i z e  before  t h e  number o f  eggs p e r  c l u t c h  inc reases .  Egg masses 

1, 4, 10, and 14 p ~ o b a b l y  r e p r e s e n t  t h e  f i r s t  breeding of females ,  

whi le  nnsses  8 and 18 a r e  probably females a t  l e a s t  a  fsw y e a r s  o ld .  

?:ass number 13 i s  sornethfng of ar, anomily, pernaps t h e  e s t i n a t e  of numbers 

of ezgs i n  t h e  c l u t c h  was t o o  h igh ,  c r  oogenesis b e g a ~  sc\ t h a t  t h e  

i n d i v i d u a l  was llco:nmitted'l t o  2 c e r t a i n  nuqber of eggs and was no t  

a b l e  t o  g e t  enough food t o  'cning the diameters  up t o  whero the;: :.would 

be e x ~ ? c t e d  f o r  a  c l u t c h  of t h a t  s i z e .  

The most c l e a r ~ ~ i l i  r e l a t i o n s h i p  was between c l u t c h  v o l m e  and 

nurnber of eggs p e r  c l u t c h  ( f i g .  6). As c l u t c h  v o l . ~ i e  i nc reased  t h e  

number of eggs p e r  c l u t c h  a l s o  inc reased .  L i l b u r  (1977) a i c c u s s e s  

in de ta i l  t h e  p r o f i t  curves t o  the pa ren t s  of i n c r e a s i n g  c l u t c h  s i z e  

and egg nurrb..?, s c  that s e l e c t i o n  ?!auld f a v o r  an  i n c r e a s e  i n  egg 

number wher, a linear r e l a t . i onsk ip  exists betweeri s u r v i v a l  ar,S egg 

weight ,  an6 an i n c r e a s e  i n  onan size favored when t h s  survuval vs .  

egg we igh t  curve was a concave u p ~ ~ ~ a ~ u i  fuf ict ion.  

idnen c l u t c h  volume,  ~uniber  of  eggs, e t c .  were grouped acord ing  t o  

t h e  dzte of oviposi.l;ion, a. psak i:! all parameters except  mean egg d iameter  

- occurred between 20 ibiarch end 23 1.larci-i 1973. This  might irr,ply t h a t  females 

wi th  more s- ' .able resc-;rces ( o 2 a e ~  females)  +!ere more cl .osely syncronized 



w i t h  regard  t o  breeding than  n o s t  o t h e r  females,  who tended t o  

o v i p o s i t i o n  molrrandomly w i t h  r e s p e c t  t o  d a t e .  

The i n c r e a s e  i n  cgg diameter  cou7.d be inc reased  var ie3ce  i n  ferrales 

whose p a r t i t i o n i n g  of resource2 was not  a s  p r e d i c t a b l e  a s  ~ l d e r  f e r r d e s .  

Over 60,000 eggs were laic! i n  Pond -7 ,  w5i.ch ha? l e s s  t hzn  60 breedi2g ~ 
i n d i v i d u a l s .  Cisenberg (1966.) and Shoop (1971) both founci t t z t  d e n s i t y  

dependant s u r v i v a l  r e s u l t e d  i n  a  r e l a t i v e l y  c o n s i s t a ~ ~ t  number of 

I 
i n d i v i d u a l s  survivir lg  under ci i f fcrcmt condi t ions .  I t  w o d d  be i n t e r e s t i r l g  

tc_ d e t e , ~ i n e  t h e  standing crop  of aCul t s  on a y e a r l y  b a s i s  anc compare 

t h i s  w i th  t h e  n m b e r  of eggs con t r ibu ted  y e a r l y .  

I n  conclusion,  s e v e r a l  environmental and phys io log ica l  parameters 

a r e  i n  ope ra t ion  wi th  r e l a t i o n  t o  t h e  d e p o s i t i o n  s i t e  and q u a ~ t i ~ y  anci 

q u a l i t y  of eggs i n  h n a  p ip i ens .  Piany of  t h e  d e t a i l s  c f  t h e  l i f e  

h i s b r y ,  such a s  t e r r i t o r i a l i t y  i n  maies, s e l e c t i o n  of doniinznt males 

try r e p r c d u c t i v e l y  r i p e  f'ernalez, arid female s i z e  a ~ d  ape  c l a s s  wi tn  

r e s p e c t  v i t . e l l u s  p a r t i t . i o r ~ i n & ,  bave y e t  t o  be s tud ied .  



--. :1gwe 1. U i s t r i b u t i o n  of egg masses In  breeding a rea .  

Figure 2 .  Egg maszes bj- d a t e s ,  and c w u l a t i v e  ~urnber cf c l c t c r ~ e s .  I 
Figure 3. pieather da ta :  F i i n i m u r ?  temperature, fiaxim~ua ter.,erature, and 

percent  sun poss ib le .  

Figure k .  a )  Observed and expected disL.ances between n e a r e s t  neignkors. 
b) Observed and expected number o f  c lu tches  per  g r i d  un i t .  

Figure 5. a) Observed and expected water clearance above egg masses. 
t )  Observed and expected water depth of egg masses. 
c)  h a t e r  clearance vs .  water  depth. 

Figure 6. Eggs per  c lu tch  vc. c l u t c h  volume. I 
Figure 7.  Egc diameter. vs. c lu tch  7~olun?e. I 

3 3 Figure 8. Tota l  volunle (rrn ) per  c lu tch  of  eggs v ~ .  mean voi.me (1~m ) pe r  egg. 

.-< . r lgure 9. Lgg diameter vs . n ~ m b e r  o f  eggs per  c lu tch .  ! -. ; lgure  10. a )  To ta l  r,umber of eggs, near! z m b e r  of  e,ggs, p+an egg diameter 
vs. da te .  

b j  Tota l  c l u t c h  displ.acenient  an^ Iriean ciutc'r: displacecient vs .  da te .  

Figure 11. Locaticn of study a rea .  

-. r l gu re  IS. a )  Study a res .  
b) Breedir:g area.  

7. ? l g u r e  13. a j 3reeding a rea .  
b) Vocal pouches cf male Rana p ip iens .  

Figure 14. a )  Aggregation of seven egg misses. 
b)  Cornparison of eggs fron; two c lu tches .  
c) 5a t ch ing  tadpoles .  
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