
APPENDIX 2  
 
Approach for Estimating Agricultural Mortality (example Bobolink) 
 
 

Background Data and Preliminary Calculations for Bobolink 

1. Background species data required from literature: 
 a. adult population density as # adults/km2 (as per literature review) 
 b. mean clutch size (as per Peck and James 1987) 
 c. range of daily survival rates (DSRs) from literature sources 
 d. range of recorded egg dates (from Peck and James 1987) 
 e. within-year (intra-annual) egg laying date variation from literature sources 
 f. mean incubation and nestling period (from Ehrlich et al. 1988) 
  * assumes 100% young fledge this number of days after laying 
 g. within-year fledging date variation from literature sources 
  * this should theoretically be consistent with estimates for 1e 
 h. number of broods per year (from Peck and James1987, Ehrlich et al. 1988) 
  * to date, 1 brood and no re-nesting have been assumed 
 i. For waterfowl species only, adult mortality due to AG events from literature   
   
2. Background agriculture data*: 

a. number of cuts  
b. possible first cut dates  
  
* both as per expert opinion and literature sources where possible 
 

3. Develop regression model for predicting the portion of eggs laid by a given date 
Use data on within-year egg laying date variation (line 1e) obtained from the literature to 
develop a regression equation to predict the percentage of total eggs laid in a year that 
will be laid by X number of days into the laying period. 

 
4. Develop regression model to predict the portion of young fledged by a given date 

Use data on within-year fledging date variation (line 1g) obtained from the literature to 
develop a regression equation to predict the percentage of total young that will have 
fledged (i.e., have left the nest) by X days into the fledging period. 

 
5. Determine the amount (km2) of a given agricultural habitat type within the region 

This component has been estimated using the NAHARP database. 
 
6. Calculate possible first dates for egg laying. 

The first possible date is the first egg date as determined in the background data (line 
1d). The last possible date for the onset of egg laying is equal to the last recorded egg 
date (line 1d) minus the within-year laying date variation (line 1e), given that all egg 
laying must have been completed in any given year by the last egg date. 

 
7. Calculate possible first dates for fledging 

First dates of fledging are equal to the possible first dates for egg laying (line 6) plus the 
mean incubation and nestling period (line 1f). 

 
8. Calculate adult population size 



This is equal to density (line 1a) multiplied by area (line 5). 
 
9. Calculate the total number of nests 

Total number of nests is calculated as the adult population size (line 7) divided by 2, 
assuming a 1:1 sex ratio and 1 nest per adult female. 

 
10. Calculate the total number of eggs 

The total number of eggs equals the total number of nests (line 8) multiplied by mean 
clutch size (line 1b). 

 
Simulations 

 
11. Generate first date of egg laying randomly 

For first day of egg laying a uniform distribution was used, with a range of dates equal to 
those determined as possible first egg laying dates (line 6).  All dates within that range 
had the same probability of being selected; randomly generated values are rounded to 
whole numbers. 

 
12. Determine last day of egg laying 

The last day of egg laying is equal to the first egg laying day selected (line 11) plus the 
within-year egg laying variation period (line 1e). 
 

13. Determine the first day of fledging 
Calculated as the first day of egg laying (line 11) plus the mean incubation and nestling 
period (line 1f). 
 

14. Determine the last day of fledging 
Calculated as the first day of fledging (line 13) plus the within-year fledging date variation 
(line 1g). 
 

15. Determine DSR 
 Determined using a uniform distribution of the range of DSRs reported in the literature 
 for that species (line 1c) 

 
16. Generate the cut day 

The selected cut date is determined relative to the first egg laying date (line 11) because 
of an assumed correlation based on weather dependence within a given year. To 
account for this correlation, the possible first egg laying dates / cut dates were divided 
into thirds (the use of thirds specifically is ad hoc); if the randomly selected first day of 
egg laying (line 11) is in the 1st third of possible egg laying dates, the cut will be 
randomly selected within the first third of possible cut dates and so forth. This method 
allows for the correlation between the two parameters, while maintaining a degree of 
variability. 
 

17. Determine if the cut occurred during the laying period 
If the cut occurred after the first day of egg laying and before the last day of egg laying 
the Boolean values for each of these two intermediate steps will both be true (each with 
a value of 1), and thus the cut did occur during laying and the value for this parameter 
will also be true (with a value of 1).  If either of these statements is false, it will be given a 
value of 0 indicating that the cut did not occur during laying. 
 



18. Calculate the number of days into egg laying that the cut occurred 
Calculated as cut day (line 16) minus first day of egg laying (line 11).  Negative values 
indicate that the cut occurred before any laying began. 
 

19. Apply the “egg” regression model 
The regression model predicting the percentage of eggs laid by day X (line 3) is applied 
with X being the number of days into the laying period that the cut occurred.  Model 
output is multiplied by the value of line 17 (if the cut occurred during laying)  If the cut did 
occur during laying, model output is multiplied by 1, resulting in a final value equal to 
regression model output.  If the cut did not occur during laying, the model output is 
multiplied by 0, resulting in null values.  Depending on the nature of the regression 
model, intermediate steps may be required either prior to (e.g. creation of quadratic or 
interaction terms) or following its application (e.g. data transformation) 
 

20. Determine the percentage of eggs laid by the cut date 
This step will result in values equal to those in line 29, except in cases where all laying 
was complete before the cut occurred.  In these situations, null values in line 29 (present 
because the cut did not occur during the laying period, but after it) will be changed to 
100% given that all eggs will have been laid by the end of the laying period. Exact 
methods to derive this parameter from the regression model will vary depending on the 
nature of the data on which the regression model was developed.   

 
21. Calculate the total number of eggs laid by the cut date 

Calculated as the total number of eggs (line 10) multiplied by the percentage of eggs laid 
by the cut date (line 20).   

 
22. Determine if the cut occurred during the fledging period 

If the cut occurred after the first day of fledging and before the last day of fledging the 
Boolean values for each of these two intermediate steps will both be true (each with a 
value of 1), and thus the cut did occur during fledging and the value for this parameter 
will also be true (with a value of 1). If either of these statements is false, it will be given a 
value of 0 indicating that the cut did not occur during fledging. 

 
23. Calculate the number of days into fledging that the cut occurred 

Calculated as cut day (line 16) minus first fledging day (line 13).  Negative values 
indicate that the cut occurred before any fledging began. 

 
24. Apply the “fledge” regression model 

The regression model predicting the percentage of young fledged by day X (line 4) is 
applied with X being the number of days into the fledging period that the cut occurred.  
Model output is multiplied by the value of line 22 (if the cut occurred during fledging)  If 
the cut did occur during fledging, model output is multiplied by 1, resulting in a final value 
equal to regression model output.  If the cut did not occur during fledging, the model 
output is multiplied by 0, resulting in null values.  Depending on the nature of the 
regression model, intermediate steps may be required either prior to (e.g. creation of 
quadratic or interaction terms) or following its application (e.g. data transformation) 
 

25. Determine the percentage of young already fledged by the cut date 
If the cut was during laying, but not during fledging the value in this column will be 0, 
otherwise the value will be equal to that of the regression model application.  A value of 
1 indicates that the cut was not during laying or fledging.  Exact methods to derive this 



parameter from the regression model will vary depending on the nature of the data on 
which the regression model was developed.   
 

26. Calculate the total number of young fledged by the cut date 
Calculated as the total number of eggs (line 10) multiplied by the percentage of young 
fledged by the cut date (line 25). This parameter accounts for young that have already 
left the nest by the cut date, and thus are not at risk of mortality by mechanical farming 
operations.  
 

27. Calculate the percent of young in the nest at the time of the cut  
Calculated as the percent of eggs laid by the cut date (line 20) less the percent of young 
already fledged by cut date (line 25).  Negative values indicate that the cut occurred prior 
to any laying. 
 

28. Calculate the number of young in the nest for the cut, no natural mortality 
Calculated as the number of eggs laid by the cut date (line 21) multiplied by the percent 
in the nest at the time of the cut (line 27) 
 

29. Calculate the median survival rate  
The median nest day is equal to the incubation and nestling period (line 1f) minus one 
(since it is assumed all young have fledge on the last day), then divided by two.  The 
median survival rate is calculated as the DSR to the power of the median nest day, and 
is equivalent to the percentage of young that could be expected to survive to the median 
nest day before the cut.  This step assumes that laying occurs at a constant rate during 
the time (equal to incubation and nestling period) leading up to the cut. 

 
30. Calculate the number of young in the nest at the cut date  

Calculated as the median survival rate (line 29) multiplied by the number of young in the 
nest for the cut, no natural mortality (line 28). 
 

31. Calculate natural survival rate 
Calculated as the DSR (line 15) to the power of incubation and nestling period (line 1f) - 
1 (since all surviving young fledge on the last day of the nesting period). 
 

32. Calculate the number of young lost at the cut  
The total number of young killed (i.e. gross incidental take).  Equal to the number of 
young in the nest at the cut date (line 30) given the assumption that all young in the nest 
will be killed. 
 

33. Calculate the total number dead with the cut  
Equal to the number of young in the nest for the cut, no natural mortality (line 28) 
given that all of these young either died naturally or were killed during the cut. 
 

34. Calculate the total number dead without the cut  
Calculated as the number of young in the nest for the cut, no natural mortality (line 28) 
multiplied by 1 less the natural survival rate (line 31) to effectively generate a natural 
death rate.  
 

35. Calculate the additional number of young lost 



The number of young lost due to mechanical operations that would have been expected 
to survive in the absence of the cut.  Calculated as the total number dead with cut (line 
33) less the total number dead without the cut (line 34). 
 

36. Calculate mortality increase 
The rate of increase in mortality with the AG event over expected natural mortality rates.  
Calculated as the total number dead with the cut (line 33) divided by total number dead 
without the cut (line 34).  A value of 1 indicates no increase in mortality. 
 

37. For waterfowl species only: determine if the cut occurred during laying or fledging 
If the Boolean value of lines 17 and/or 22 are 1 (e.g. cut did occur during laying and/or 
fledging) a Boolean value of 1 is used for this parameter as well.  A value of 0 indicates 
the cut occurred either prior to any laying or after all fledging. 
 

38. For waterfowl species only: calculate number of adults killed 
Calculated as percentage adult mortality (line 1e) multiplied by the adult population size 
(line 8) multiplied by the Boolean value in line 37 (i.e. if the cut did not occur during 
laying or fledging this results in 0 adult mortality). 
 

39. Repeat above procedure (lines 11-36 inclusive, lines 11- 38 for waterfowl species) 100 
times. Calculate the mean (+/- standard deviation) of number of young (and adults for waterfowl 
species) lost at the cut (line 32), and additional number of young lost (line 35). 

 


