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In a stim ulating  analysis, Lack (1967, 
1968a) reviewed w aterfow l clutch size and 
egg size d a ta , and  concluded th a t in ter­
specific varia tions in average clutch size 
are  generally inversely related  to  those of 
relative egg size. Thus, he suggested th a t 
the average clutch size o f each w aterfowl 
species has evolved in rela tion  to  th e  av­
erage availability  o f food to  th e  fem ale 
around  th e  tim e o f nesting. H e hypothe­
sized th a t in w aterfow l, relatively large 
eggs have probab ly  evolved to  provide the 
new ly-hatched young w ith a large food 
supply (an idea he subsequently  (1968b) 
questioned) o r w ith an adequate  insulating 
layer o f fat. H e also suggested tha t, since 
annual, seasonal, and local variations in 
clutch size exist, p rox im ate factors, such 
as the food supply of individual fem ales, 
may be m ore likely to  influence a b ird ’s 
da te  o f laying th an  either its egg size or 
clutch size. Since the  publication  o f L ack’s 
study, several add itional reviews o f avian 
clutch sizes have appeared , notably  those of 
K lom p (1970), von H aartm an  (1971) and 
Cody (1971). K lom p considered the p ro b ­
lem s posed by th e  A natidae in som e detail, 
and generally agreed th a t th e  food sup­
plies available to  the fem ale are  p robably  
the u ltim ate  fac to r influencing clutch size 
in this group.

Because o f th e  large am oun t o f in form a­
tion  available for w aterfow l, and since Lack 
did no t concern  him self w ith proxim ate 
influences on clutch sizes o f individuals, I 
have given these m atters som e atten tion  
and have reached  som ew hat different 
conclusions. N o sim ple single explanation  
for inter- and intraspecific variations in 
c lutch sizes seem s possible a t p resent, bu t 
a  sum m ary o f th e  evidence relating  to  these 
phenom ena nevertheless appears w orth ­
while.

P roxim ate factors influencing clutch sizes o f  
individual birds

It is well established th a t in trapopu la tion  
varia tions in c lu tch  size o f w aterfow l do 
exist, which probab ly  reflect prox im ate 
environm ental influences th a t vary w ith 
tim e. K lom p (1970) listed th irteen  species 
o f A natidae th a t have been reported  to

exhibit declines in average clutch size 
during a single breeding season, and Bengt­
son (1972) repo rted  this trend  in all o ften  
species o f ducks in his study. E xcept for 
K oskim ies’ (1957) suggestion th a t such 
individual c lu tch  size variations m ight be 
th e  resu lt o f genetic polym orphism  having 
adaptive value, it has been generally  be­
lieved th a t these seasonal differences are 
m ainly th e  resu lt o f p rox im ate influences. 
T he low ered horm onal levels after the 
reporductive peak  (H ilden, 1964), o r the 
reduced stim ulating  by tem pera tu re  or 
pho toperiod  effects (D ane, 1966), m ight re­
duce the clu tch  size o f late-nesting birds. 
T heir sm aller clutch sizes m ight also simply 
reflect renesting , since repeat clutches are  
generally  sm aller than  the original ones 
(Sowls, 1959). This, in tu rn , may result from  
exhaustion  o f  the fem ale’s reserves (W ag­
ner, 1960). A gain, the sm aller, later 
clutches m ay be produced  by younger fe­
males nesting for the first tim e and  thus not 
in peak  reproductive condition  (Lem ieux, 
1959). K ossack (1950) p rovided som e data  
for th e  C anada G oose Branta canadensis 
favouring this view.

V ariations in average clutch o f a  single 
population  in d ifferent years also occur in 
th e  A natidae , and clearly m ust be con­
tro lled  by prox im ate  factors. The possi­
bility th a t these m ight be related  to 
annual varia tions in food availability has 
recently  been supported  by Bengtson 
(1971) who observed th a t during a year of 
relative food scarcity , four species o f div­
ing ducks and  th e  E uropean  W igeon Anas 
penelope p roduced  significantly sm aller 
clutches th a n  norm al. This finding clearly 
runs coun ter to  L ack’s suggestion th a t 
annual varia tions in food supply in­
fluence laying date  ra th e r than  clutch size, 
bu t does suppo rt his view th a t the average 
clutch size m ay be basically a ttuned  to 
norm al food availability.

A nnual varia tions in clutch size and non­
breeding, re la ted  to  w eather conditions 
during the  egg-laying period , have also 
been established for the  A natidae , p articu ­
larly am ong arctic  breeders. Evidence on 
this p o in t has been provided for the A t­
lantic B rent G oose Branta bernicla hrota, 
th e  W hite-fron ted  G oose Anser albifrons, 
Black B ran t Branta bernicla orientalis
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and  Lesser Snow G oose Anser caeru­
lescens caerulescens by B arry (1962), for 
th e  Lesser Snow  and ‘Blue’ G eese by 
C ooch (1961), and fo r the R oss’ G oose 
Anser rossii by R yder (1970b).

If fem ales breeding for the  first tim e tend 
to  have sm aller clutches th an  experienced 
breeders, th en  variations in th e  percentage 
o f young fem ales in a popu la tion  might 
result in betw een year varia tions in av­
erage clutch size. M endall (1958) sug­
gested th is possibility for th e  R ing-necked 
D uck Aythya collaris, w hen he found a 
lim ited correletion  betw een p o o r hatching 
success in one year and large average 
clutches o f R ing-necked D uck. H ilden 
(1964) prov ided  supporting  evidence 
am ong T ufted  D ucks Aythya fu ligula  and 
G rea te r Scaups Aythya marila.

Population  density  is, theoretically , an ­
o th er fac to r contro lling  clutch size. H ilden 
(1964) found no evidence for this am ong 
the tw o Aythya  species ju s t m entioned. 
The only exam ple I have encoun tered  is 
th a t o f M arshall (1967), who repo rted  th a t 
increased clutch size (bu t reduced nesting 
success) was associated  w ith increased 
nesting densities in the E uropean  E ider 
Som ateria m. mollissima. R yder (1970b) 
found th a t R oss’ G eese nested earlier in 
high-density  concentrations, b u t th a t clutch 
size was no t influenced by th e  breeding 
density.

In terpopu la tion  variations in clutch 
size m ight, o f course, be a reflection of 
e ither p rox im ate  o r u ltim ate  factors. I f  the 
popu la tions are geographically  well iso­
lated , th e  p robability  o f genetic contro l for 
these differences w ould seem to  be higher, 
and indeed Lack (1967) prov ided  som e 
exam ples am ong various races o f certain

ducks. H ow ever, con tinuous clines in 
clutch size m ight well be geared to  such 
prox im ate  factors as p h o toperiod  o r tem ­
pera tu re  g radients. W eller (1964) was 
unable  to  find any evidence for such geo­
graph ic  varia tion  in the clu tch  size o f the 
C anada G oose. T he suggestion o f Paynter 
(1951) th a t th e  A m erican E ider S.m .dresseri 
has intraspecific clinal varia tion  was based 
on da ta  from  various investigators and, 
as W eller indicated , is therefo re  o f ques­
tionable  value as well as being only over a 
range o f less th an  ten  degrees o f latitude. 
A m ore general com parison  o f average 
clutch size o f this species (T able 1) is not 
indicative o f increased clu tch  size w ith 
increasing la titude; if anything, th e  av­
erage clutch size is largest a t in term ediate  
latitudes.

To sum m arize, it w ould appear tha t 
p rox im ate factors are as likely to  influence 
anatid  clutch size as to  accoun t for varia­
tions in laying dates, at least in tem pera te  
o r arctic  species.

Ultimate factors influencing average clutch 
sizes o f anatid species

L ack (1967) advanced th e  view th a t the 
average clutch size o f each anatid  species 
has evolved in re la tion  to  average available 
food supplies for th e  fem ale, as influenced 
by th e  size o f the species’ eggs. H e and, 
earlier, H ein ro th  (1922) have also pointed  
ou t th a t larger-bodied  b irds channel re la­
tively less food m ateria l in to  th e  p roduc­
tion  o f individual eggs, resulting in a 
negative co rrelation  betw een average adult 
fem ale w eight and the w eight o f th e  species’ 
eggs. An even clearer negative correlation

Table 1. Breeding latitude and reported clutch sizes of the Common Eider S. mollisima

Lati­ Average
tude Clutch- Total
(°N) size nests Locality Authority

79 2-95 2,993 Kongsfjord, Spitzbergen Ahlen & Andersson 1970
65 2-74 42 Iceland Gudmundsson, 1932
64 3-44 1,598 Cape Dorset, NW T Cooch, 1965
63 46* 193 Valassaaret, Finland Hilden, 1964
62 4-89 89 Yukon-Kuskokwim Delta Lensink (personal communication)
61 4-32 734 Green Is., Que. Lemieux (cited in Cooch, 1965)
60 3-13 73 Payne, Bay, Que. Edwards (cited in Cooch, 1965)
56 4-47 120 Belcher Is., NWT. Freem an, 1970
51 3-6 60 Amchitka Is., Alaska Kenyon, 1961
48 4-04 1,131 Saquénay Co., Que. Lewis, 1939
45 3-53 134 Kent Is., Me. Gross, 1938
44 3-25 44 Penobscot Bay, Me. Paynter, 1951

*Excludes clutches of less than three eggs.
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m ay be seen- betw een th e  average adult fe­
m ale w eight and  th e  p ropo rtional w eight o f 
the average to ta l clutch. This ratio  provides 
a useful index to  the relative energy drain  
on th e  fem ale during  laying. L ack’s (1968a) 
tab u la r da ta  ind icate  th a t in eight taxa 
(species o r subspecies) o f swans, the 
equivalent o f from  16 to  34% (average 24%) 
o f  th e ir adu lt w eight is deposited  in an 
average clutch o f  eggs. F o r sixteen tax a  o f 
true  geese th e  calculated  range is from  20 to 
40% (average 28%), for forty-seven surface- 
feeding ducks from  35 to  106% (average 
60%), and  for sixteen sea ducks from  20 to  
109% (average 63%). The larger species, 
geese and  sw ans, w hich have th e  greatest 
available energy reserves o f body fat, thus 
actually  experience th e  sm allest relative 
energy drain  from  egg-laying. T heir gener­
ally sm all clutch size is therefo re  unlikely 
to  be a ttrib u tab le  to  lim ited food supplies 
during laying.

Several hypotheses have been proposed 
to  explain this prob lem . R yder (1970a) has 
suggested th a t, a t least in th e  R oss’ G oose, 
th e  to ta l pre-breed ing  food reserves needed 
by th e  fem ale for bo th  egg-laying and 
during incubation  m ight lim it the average 
clutch size o f  th is unusually  sm all goose, 
w hich usually lays only fou r eggs. T hus, for 
this and perhaps o ther arctic nesting geese, 
the fem ale’s energy supplies m ust allow  the 
fem ale to  p rovide m axim um  pro tec tion  to  
the clutch during incubation  and  ensure the 
survival o f the  young until they can forage. 
This theory  is essentially an  extension of 
L ack’s basic views on clutch size controls.

A second hypothesis is th a t egg p reda­
tion during the egg-laying period  may limit 
effective clutch size. T hus the  dangers o f 
leaving th e  nest exposed p rio r to  incubation  
may outw eigh the advantages o f adding 
additional eggs. The probability  o f this 
occurring  increases w ith increasing clutch 
size, especially in species vulnerable to  p re ­
incubation  p red a tio n  of the  en tire  clutch. 
Lack has re jected  p redation  as an u ltim ate 
contro l o f avian  clu tch  size, on the grounds 
th a t na tu ra l p reda tion  levels are  norm ally 
too  low to  be effective and in general this 
would seem  to  be true . Bengtson (1972) 
provided d a ta  fo r ten  Icelandic duck 
species, show ing th a t p re-incubation  nest 
p reda tion  caused 55% o f th e  nest failures 
in 2,889 nests, o r a to ta l o f abou t 19% of the 
nests under study. This w ould suggest a 
daily p reda tion  ra te  o f little  m ore than  2% 
per day during  a  10-day egg-laying period , 
too  low effectively to lim it clutch size. H ow ­
ever, C hoate’s (1967) study o f A m erican 
Eiders indicated  th a t 66% o f th e  en tire  nest

p redation  in  1 year (to talling  58% o f 448 
nests) occurred  on incom pleted  nests, 
im plying a 12-15%  daily nest loss during 
the 3- o r 4-day period  required  to  com plete 
a  clutch. I f  they  a re  a t all typical, such p re ­
dation  rates m ight easily accoun t for the 
low  average clutch size o f this species.

Thirdly, it is possible th a t average clutch 
size m ay be lim ited by decreasing paren tal 
effectiveness. M endall (1958) reported  
decreased hatch ing  success am ong large 
clutches o f R ing-necked D uck. H ilden 
(1964) had  sim ilar results for T ufted  D ucks 
and G rea te r Scaups, and Bengtson (1972) 
for G rea te r Scaups. R yder (1970a) has cited 
som e add itional exam ples. Likewise, larger 
than  norm al b roods m ay suffer relatively 
h igher m orta lity  ra tes than  norm al sized 
ones, as ind icated  by E ygenraam  (1957) for 
M allard Anas platyrhynchos. C ooch (1961) 
noted th a t Lesser Snow  G oose goslings 
hatched from  eggs laid  la te  in large clutches 
survived less well. Sim ilarly, Parsons (1970) 
reported  th a t H erring  G ulls Larus argenta­
tus ha tched  from  sm aller eggs, usually  the 
th ird -laid  ones, exhibited th e  poorest 
survival. If  th is trend  is general, it might 
well be a  source o f increasing selective dis­
advantage fo r enlarging the  clutch size.

F ourth ly , a  restric ted  optim um  breed­
ing period, o r the need to  synchronize 
hatching w ith an optim um  hatch ing  date, 
may lim it average clutch size. K oskim ies 
(1957) found  laying da te  and clutch size to  
be individually  constan t am ong fem ale 
V elvet Scoters M elanitta fusca, and  believed 
this ensured un iform  hatch ing  tim es o f  dif- 
ferent-sized clutches. C ooch (1961) 
sim ilarly po in ted  out tha t, in the Lesser 
Snow G oose, sm aller clutches are  ‘neces­
sary’ in re ta rded  breeding seasons or 
tow ards th e  end o f norm al ones if rep roduc­
tion is to  be efficient. H ilden (1964) 
m entioned th a t, since th e  period  o f both  
egg-laying and  hatch ing  are  undesirably 
prolonged  in large clutches, and since late- 
hatched  broods generally survive poorly, 
selection m ay lim it clutch size below  the 
fem ale’s physiological lim its o r her incuba­
tion abilities. D ane (1966) sim ilarly pointed  
ou t th a t each egg added to  a d u ck ’s clutch 
delays hatch ing  an o th e r day, bo th  increas­
ing th e  p rob lem s o f egg and chick survival 
and shorten ing  th e  available tim e for 
m atu ra tion  p rio r to  m igration . T here is 
considerable evidence from  a variety of 
w aterfow l species th a t b roods hatching 
relatively la te  usually survive m ore poorly 
than  those hatched  fairly early in the season 
(G rice & R ogers, 1965; Bengtson, 1972).

This influence o f a restric ted  optim um
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breeding period  is m ost likely to  be exerted 
in arctic  o r subarctic  areas. I f  one com pares 
th e  average clutch size o f a num ber o f 
no rthern  hem isphere w aterfow l as given by 
Lack w ith average July iso therm s (°F ) 
representing  the no rthern  lim it o f these 
species’ breeding ranges prim arily  as 
repo rted  by Voous (1960), an  interesting 
relationsh ip  m ay b e  seen (F igure 1). Species 
having sm all average clutches nearly  all are 
arctic  o r subarc tic  breeding, w hile those 
w ith large average clutches tend  to  be m ore 
tem pera te  o r subtrop ical. If one calculates 
clutch w eight as a percen tage o f adult 
fem ale w eight for such species and again 
plots th e  results against July isotherm s at 
the no rthern  limits o f d is tribu tion , a greater 
taxonom ic sp read  m ay be seen (F igure 2). 
A lthough collectively th ere  is a strong 
tendency to  reduce th e  relative am oun t o f 
energy pu t in to  th e  clutch the fu rth er north  
they b reed , the trend  is c lea rer in som e 
groups than  in o thers. This m ay be due to  
restricted  breeding periods, possibly to

increased egg-predation  dangers, to  o ther 
dem ands on energy reserves associated 
w ith breeding in arctic  environm ents, o r to 
o ther factors.

In general, those  anatid  species having 
th e  sm allest average clutch size (swans, 
geese, eiders) a re  no t likely to  encounter 
food shortages at the  tim e o f  laying. N or are 
the ir clutch sizes likely to  be lim ited by 
ecological needs for relatively large eggs. 
Increased  average food availability  seem to 
play little  p a rt in th e  evolution  o f increased 
average clutch size in w aterfow l. Instead, 
I w ould suggest tha t, w here food supplies 
are  no t a  lim iting factor, clutch size is likely 
to  be lim ited by decreasing  paren ta l effec­
tiveness, decreased available optim um  
breeding tim e, and  increased probability  of 
nest p redation . These four selective factors 
a re  in tu rn  fu rth er obscured  by proxim ate 
factors w hich p roduce  th e  individual, 
seasonal and local variations in clutch size 
encountered  by field biologists.
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Figure 1. The relationship between average 
clutch size and northern breeding limits in fifty 
northern hemisphere Anatidae.
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Figure 2. The relationship between the total 
average du tch  weight relative to adult female

weight in the northern breeding limits in forty- 
three northern hemisphere Anatidae.

Sum m ary

A review of Anatidae clutch-size data and an 
analysis of David Lack’s hypothesis that food 
availability to the female around the time of 
her nesting can account for the evolution of 
average waterfowl clutch-sizes suggest several 
additions to or modifications of his theory. First, 
in contrast to Lack’s suggestion, proximate 
factors do influence anatid clutch-sizes and 
result in m easureable seasonal, yearly and per­
haps also interpopulational variations in these. 
Secondly, indirect evidence suggests that several 
factors in addition to average food supplies may 
have influenced clutch-size evolution. These 
include needs for efficient partitioning of energy 
reserves between the incubating female and her 
eggs, dangers of pre-incubation clutch losses in 
those species that are unusually susceptible to 
nest predation, and decreasing parental effective­
ness as well as possible decreased available 
optimum breeding periods associated with in­
creases in clutch-sizes. Several or all of these may 
have placed upper limits on anatid clutch-sizes 
independently of o r in conjunction with food 
supply effects.
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