
WLF 419 - Waterfowl and Wetlands Ecology and Management 
Lecture 11 – Breeding Parameters 
Next Time – Survival 

 
 
Breeding probability (propensity), clutch size, and nest success are the main 
parameters that determine reproductive performance of waterfowl.  We will 
examine approaches to studying these parameters and the range and source 
of variation in these parameters. 
 
Breeding probability (Age of reproductive maturity, first reproduction) – 
probability that a bird alive at breeding season i will breed   
 
Breeding propensity - probability that a bird alive at breeding season i will 
breed, given that it bred in a previous season 
 
Breeding Probability (accepted values) 

• Species-specific, but shaped by ecological factors 
o Anatini – yearlings 
o Aythini –yearlings or 2-year-olds 
o Mergini and Anserini – 2- or 3-year-olds 

§ Recent evidence of nesting by yearling Canada geese 
(physiological limitations?) 

o Cygnini – 3-year-olds 
§ Proportion of breeders for Mute Swans (Perrins and 

Reynolds 1967) 
• 10.5%, 3-year-olds 
• 37%, 4-year-olds 
• 53%, 5-year-olds 
• 71%, 6-year-olds 

 
Timing of Breeding 

• Latitudinal variation 
• Age 

o Younger birds nest later 
• Condition 

o Mostly indirect evidence (e.g., winter severity and timing 
of nesting) 

• Experience? 



o Difficult to separate from experience 
• Habitat Conditions 

o Drought 
o Ice 
o Drought Displacement 

• Weather 
o Boom and Bust for Northern Geese 

                                    
From Owen (1980) 
 
Renesting and Double Brooding 

• Renesting – nesting that occurs after an earlier clutch is destroyed or 
abandoned in the same season 

o Does not occur in northern nesting geese 
o 5 breeding attempts by some prairie nesting ducks 
o Renesting Interval 

• Double Brooding – attempt to produce second clutch after one has 
hatched successfully in the same year 



o Wood Ducks 
o Evidence for low latitude Canada geese, Redheads, Mallards, 

and Pintails 
 
 
 
Breeding Propensity 

• Limited Information 
• Reproductive Restraints vs. Reproductive Constraints for Young Birds 

o Survival Costs 
o Restraint 

§ Young Goldeneyes laying early or larger clutches 
disappeared from population in subsequent years (Dow 
and Fredga (1984) 

§ Lesser Snow Geese 
• Geese breeding for the 1st time are 22% less likely 

to be seen the next year than birds in later breeding 
attempts 

 



 
From Viallefont et al. (1995) 

• Adults 
o Life-history tradeoffs or Good vs. Bad Bird 

§ Canvasbacks (Lindberg et al. 2001) 
• Probability of presence for birds that breed in 

previous year – 0.959 
• Probability of presence for birds that didn’t breed 

the previous year – 0.595 
o Habitat and Weather 

§ Drought displacement 
§ Boom and bust 

o Competition/Density 
§ Black Brant 
§ Black Ducks and Mallards? 

 
Clutch Size 

• Species-specific variation 
o Related to a variety of factors 
o Cygnini, 3-5 eggs, clutches of 1-9 eggs reported for Trumpeters 
o Anserini, 3-5, a few with 6-7 eggs 
o Dendrocygninae, average about 12, 6-18 reported 
o Aythyini, typically 9 or 10 eegs 
o Oxyurini, 4-6 eggs 
o Anatini and Mergini 

§ Large variaion 
§ Widely distributed 

 
• Proximate Factors 

o Season Decline 
§ Universal 

o Age  
 
 
 
 
 
 
 
 



From Rohwer (1993) 
 

o Condition of the female 
§ Drent and Daan (1980) – prudent parent 
§ Smaller clutches optimal for some members of the 

population 
• Reduced survival with larger clutches 

• Ultimate Regulation 
o Timing of Nesting 
o Competing hypotheses 

§ Incubation-energetics 
§ Laying-delay 
§ Optimal-rearing 
§ Predation 
§ Nest-site 
 



 
o Clutch Size 

§ Lack – The optimum clutch size is the most common 
clutch size, producing the most surviving young for a 
breeding attempt 

§ Maximizing output at each breeding attempt instead of 
over the lifetime of the bird (LRS) 

§ Increased output at the current breeding attempt could 
reduce LRS 

§ Food limitation for altricial birds? 
• Predation may be more important 
• Does not work for precocial species with self-

feeding young 
§ Precocial 

• Brood Size 
• Egg production 

o Egg size 
o Nutrient 

• Egg Viability, Predation, Synchrony 
§ Hypotheses for Seasonal Decline 

• Territory Quality 
• Parent Quality 
• Food Decline 

 



From Rohwer (1993) 
 

• Synchrony 
• Cost-of-

delay  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
(From Rohwer 1993) 

• Changes-in-cost-of-reproduction 
 

• Nest Success 
o Most studied population parameter 
o Low with large Annual, Spatial, and Species-specific variation 

§ Predation 
o Variation 

§ Age, Experience, Condition 
§ HABITAT 
§ Density and Parasitism 
§ Humans and Weather 

 
• Egg Survival 

o Infertiliy 
o Embryonic Death 
o Predation 

 
 
 
 



From Klett et al. (1988)



From Petrula (1994)  



 
From Johnson et al. (1993)



Approaches to Estimation 
Nest Success 

• Convergent Evolution 
o Medical research and those studying nest survival 
o Mayfield 

§ Apparent nest success = # destroyed / number found 
• Violates the assumption that marked population is 

representative of unmarked population 
• More likely to find long-lived nest than those 

destroyed early in incubation 
• Overestimate (bias) of nest success or nest survival 

o Solutions 
§ Include only nests found on 1st day of 

laying 
§ Use Mayfield Estimator, adhoc 

estimator 
 

 where, E is exposure days and f is # of failures (mortalities) 
 
 
 
Mayfield Model 

• What is the nest survival for the Ruddy Duck during laying and 
incubation? 

• Assumes constant daily survival probability 
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• Incubation period = 12 days 
• We check nests every 3 days 
• 10 nests in our population 
• 0 = active nest 
• X = nest that failed sometime between sampling occasions 
• Nests that fail cannot be found 
 

True nest survival = # successful nests / total # of nests = # 0's on day 12 / 
# nests = 2/10 = 0.2 

 
Start on day 3 
 
Apparent nest survival = # of 0's on day 12/ # of nests that can be found on 
day 3 = 2/6 = 0.33 
 
Start on day 9 
 
Apparent nest survival = 2/3 = 0.66 
 
Why is apparent nest survival biased? 

• Short lived nests are under-represented in the sample 
• Marked sample is not representative of the unmarked sample. 

Possible Solutions. 
• Use only nests with complete histories (reduces sample size). 
• Use period-specific estimates. 
• Use Mayfield Method or preferable modified Mayfield based on 

likelihood theory. 
Mayfield Method. 

• Nest-day = unit of exposure (nest-day is sampling unit not the nest) 
• Thus, a nest that survives 3 days = 3 units of exposure 
• Mid-point assumption - nest failure assume to occur at mid-point of 

sampling interval 
• Constant DSR 

 
Start on day 3 
 
Mayfield nest survival (DSR) = (9+4.5+4.5+1.5+9+7.5 - 4) / 36 = 0.888 
12 day survival probability (Incubation) = 0.88812 = 0.24 
 



Start on day 9 
 
Mayfield nest survival (DSR) = (3+3+1.5 - 1) / 7.5 = 0.866 
12 day survival probability (Incubation) = 0.86612 = 0.18 
 
Disadvantages 

• mid-point assumption 
• No theoretical basis (no measure of precision) 
• Improved by (Johnson 1979 and Bart and Robson 1982) 

 
Breeding Probability and Breeding Propensity 

• Marked Birds 
o Capture Histories 

• Can You observe breeders and non-breeders? 
o Multistate models 

• How do you detect non-breeders when you are generally studying 
breeding birds? 

o Ratio of detection probabilities 
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