FEEDING NICHES OF BIRDS:
Find a comfortable place to sit and observe the bird feeders.  Stay back at least 15 meters (~50 feet) and remain as still as possible so that you do not disturb birds at the feeder.

Identify the birds that you see, using a field guide.  A list of birds common to Wilmington College’s campus is attached.  For each bird that you identify, write the common name on a row label on the data table attached.  Add new species as they appear.

Note that there are at least three feeding niches around a feeder.  Birds may eat seeds while perched on the feeder, they may pick up seeds at the feeder and fly somewhere else to remove the hulls and eat the seeds, or they may feed on seeds that have fallen on the ground under the feeder.  Write brief descriptions of the additional feeding niches that you observe.
After you feel comfortable identifying some of the frequent visitors, for a period of about 45 minutes, note each bird that visits the feeder.  In one-minute intervals, note birds sitting at the feeder at this time, birds feeding on the ground at this time, birds that have taken a seed and flown away in the past minute or other feeding niches that you observe.  Make a tally mark for each bird in the data table, indicating species and feeding niche for that feeding event.  You may count the same bird twice if it is occupying the niche for more than one interval of time.  All together, you should have at least 30 feeding events recorded.  If you have not observed that many feeding events, extend your observation time.  Write down any additional observations that you have about bird feeding and bird behavior.  (Be certain to read the questions you will answer so that you make all the appropriate observations and notes).
To test the null hypothesis that birds occupy feeding niches at random, use data from five of the most common bird species in your survey to test whether there is a difference in birds feeding at the feeder, below the feeder and away from the feeder.  Complete the data table attached and follow the directions to perform a Chi-square contingency test. 
 DATA TABLE:
	
	Eating seeds on ground
	Eating seeds on feeder
	Carrying seeds away
	Other feeding niche
	Other feeding niche
	Other feeding niche
	Other feeding niche

	Species 1
	
	
	
	
	
	
	

	Species 2
	
	
	
	
	
	
	

	Species 3
	
	
	
	
	
	
	

	Species 4
	
	
	
	
	
	
	

	Species 5
	
	
	
	
	
	
	

	Species 6
	
	
	
	
	
	
	

	Species 7
	
	
	
	
	
	
	

	Species 8
	
	
	
	
	
	
	

	Species 9
	
	
	
	
	
	
	

	Species 10
	
	
	
	
	
	
	


CHI-SQUARE CONTINGENCY TABLE:
	
	Eating seeds on ground
	Eating seeds on feeder
	Carrying seeds away
	Row Totals

	Species 1 observed:

              (expected):
	(                   )
	(                   )
	(                   )
	(                   )

	Species 2 observed:

              (expected):
	(                   )
	(                   )
	(                   )
	(                   )

	Species 3 observed:

              (expected):
	(                   )
	(                   )
	(                   )
	(                   )

	Species 4 observed:

              (expected):
	(                   )
	(                   )
	(                   )
	(                   )

	Species 5 observed:

              (expected):
	(                   )
	(                   )
	(                   )
	(                   )

	Column totals:
	
	
	
	

	
	
	
	
	Grand total:




1. For this analysis, you will need records for at five of your most commonly observed species.  Write the name of the first species in the box labeled “Species 1,” and the name of the second in the box labeled “Species 2,” and so forth.

2. For each species, record the number of times you observed this species in each niche in the blank area in each cell above the parentheses.  This is your observed value for each species in each niche category.  

3. After entering your observations, add the three numbers in the top row and record the sum in the column labeled “Row Totals” at the right.  Repeat for the other species, summing the total number of observations for each species as a row total.

4. Then add all the observations in the first column to determine the total number of individuals you saw occupying the first niche and place this in the “Column totals” cell.  Calculate column totals for the other two niches in the same way.

5. Sum up all the row totals and enter the result in the cell labeled “Grand total” at the bottom-right corner of the table.  To check your math, sum all the column totals and you should get the same result.

6. Expected values will be calculated from the null hypothesis that species assort randomly into niches.  Using the laws of probability, we can calculate how many individuals we would expect in each niche, based on species abundance and total niche occupancy.  If a pattern in the data does not conform to these expectations, we can reject the null hypothesis and follow the alternative reasoning that our species fill these niches in non-random patterns.  For each cell in the table, you will need to calculate the expected values using a simple formula:  
(Expected value) = [(Column total) x (Row total)]/(Grand total).

7. Perform this calculation and enter the expected number for each species in each niche category within the parentheses in each cell.

8. For a Chi-square test, you will need to calculate the number of independently varying cells in the table.  This is called degrees of freedom, abbreviated as df.  For a contingency test, degrees of freedom (df) is calculated as follows:  df = (# of species – 1) x (number of niches – 1).

9. Calculate df for your contingency table and write the result here:  _________

10. Using the Chi-square calculation table on the next page to calculate the chi-square value, using the formula below.

Chi-square (χ2)= Σ (O-E)2/E 

where O is the observed value and E is the expected value.

11. Because the Chi-square value is calculated from deviations of observed values from expected values, the greater the departure from null hypothesis expectations, the higher the value of the Chi-square.  A zero value of Chi-square would indicate an exact match with expectations, meaning that species are randomly selecting niches exactly as your null hypothesis predicted.  Even if species were selecting niches at random, some degree of pattern could be expected due to sampling error, so we could anticipate a small Chi-square most of the time, just due to chance.

12. As deviations from random expectations get larger, Chi-square grows too.  At some breaking point, called the critical value of Chi-square, we can no longer accept the null hypothesis as an explanation for data patterns generating these large deviations.  At this point, we say an alternative, non-random explanation is warranted.  By convention, scientists aggress that the critical value of Chi-square has been reached if the odds of generating deviations of this magnitude by random sampling error alone are less than 5%.  This 5% probability, written as p = 0.05 by statisticians, means that our results can be considered statistically significant.  This does not mean that the alternative explanation that we pose is always right, but it does mean that we have eliminated the null hypothesis with 95% confidence.  In summary, a high value of Chi-square corresponds to a high level of statistical significance, which in turn corresponds to a low p-value.
Use the attached Chi-square critical value table to determine if you can accept or reject the null hypothesis.

13. CHI-SQUARE CALCULATION TABLE:

	Cell Label

(Species, Niche category)
	Observed Number

(O)
	Expected number

(E)
	(O-E)
	(O-E)2
	(O-E)2/E

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	Chi-Square value = 

Σ(O-E)2/E =
	


CHI-SQUARE CRITICAL VALUE TABLE:
	Degrees of freedom
	Chi-square value at p = 0.05
	Chi-square value at p = 0.01

	4
	9.49
	13.28

	6
	12.59
	16.81

	8
	15.51
	20.09


Lab slightly modified from Kingsolver, R. W.  2006.  Ecology on Campus.  Pearson/Benjamin Cummings, San Francisco, CA.

QUESTIONS DUE NEXT WEEK AT THE START OF LAB

1. Interpret the results of your Chi-square test.  If it shows significance, that does this mean, in terms of feeding niches for birds at the feeder?
2. How does a bird’s beak influence the way it eats sunflower seeds?  Do differences in beak shape help explain any differences in feeding niches you observed?  (If it is helpful, draw beak shapes for clarification.)

3. Which species were more aggressive in defending a place at the feeder than others?  How do less aggressive birds manage to obtain food?

4. Position of birds eating seeds is the niche dimension that we focused on in this exercise.  In what other ways could birds partition niche space at a bird feeder, series of feeders or elsewhere?  What additional feeding niches did you observe?
5. Behavior can be instinctive or learned.  Birds at a feeder exhibit both kinds.  How could someone experimentally determine whether a bird’s exploitation of a particular feeding niche is learned or instinctive?
LIST OF COMMON BIRDS ON WILMINGTON COLLEGE CAMPUS 
	Songbirds:

Black-capped chickadee (Parus atricapillus)

Tufted titmouse (Parus bicolor)

House wren (Troglodytes aedon)

Carolina wren (Thryothorus ludovicianus)

Northern mockingbird (Mimus polygolottos)

American robin (Turdus migratorius)

Northern junco (Junco hyemalis)

Northern cardinal (Cardinalis cardinalis)

Brown thrasher (Toxostoma rufum)
Woodpeckers, nuthatches & creepers:

Common flicker (Colaptes auratus)

Red-bellied woodpecker (Malanerpes carolinus)

Downy woodpecker (Picoides pubescens)

Hairy woodpecker (Picoides villosus) 
White-breasted nuthatch (Sitta carolinensis)

Red-breasted nuthatch (Sitta canadensis)

Brown creeper (Certhia familiaris)
Hawks and falcons:

Sharp-shinned hawk (Accipiter striatus)

Cooper’s hawk (Accipiter cooperii)

Red-tailed hawk (Buteo jamaicensis)

American kestrel (Falco sparverius)


	Sparrows & finches:

House finch (Carpodacus mexicanus)

Purple finch (Carpodacus purpureus)

White-throated sparrow (Zonotrichia albicollis)

White-crowned sparrow (Zonotrichia leucophrys)

Song sparrow (Melospiza melodia)

Chipping sparrow (Spizella passerina)

House sparrow (Passer domesticus)

American goldfinch (Carduelis tristis)

Pine siskin (Carduelis pinus)

Doves:

Mourning dove (Zenaida macroura)

Blackbirds & corvids:

Common grackle (Quiscalus quiscula)

European starling (Sturnus vulgaris)

American crow (Corvus brachyrhynchos)

Blue Jay (Cyanocitta cristata)

Brown-headed cowbird (Molothrus ater)




