
Seabird Diet Analysis - Limitations

 Difficult to combine mass / volume and number data 

Need to count individuals

(McAtee 1912)      

Need to integrate different 
components into a single metric 

(Pinkas et al. 1971)                                 



Seabird Diet Analysis - Metrics

 How can we combine mass / number information ? IRI



 Different metrics biased 

(presence / mass / number)

 Multiple metrics are thus 
preferable

 Good to compare various 
metrics with correlation 

( Liao et al. 2001)
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 % Occurrence 

 % Number

 % Mass

Approach I:  Use a single component index such as
%W, %N, or %O, chosen on basis of specific purposes.
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Approach II:  Use a compound indices such as IRI,           
based on the idea that a combination of different 
component measures provides a more balanced view.

Index of relative importance (IRI) developed to evaluate 
overall the importance of each prey taxon in the  diet:

where N is percent number, 
V is percent volume (or Mass) 
F is percent frequency of occurrence of each prey taxon

(Pinkas et al ., 1971) 
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Approach III:  Use the modified relative IRI (%IRI) to:             

- Provide bounded  metric (from 0 to 100%) for each prey

- Provide standardized total (100%) across all prey

Owing to difficulties experienced when comparing IRI 
values among prey types, the IRI values for each specific 
prey taxa (IRI) are converted to % IRI as follows:

(Pinkas et al ., 1971) 
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Approach IV:  Use Relative Prey-Specific IRI (PSIRI) to:

- Account for lack of independence (FO and PA)

- Provide bounded metric (from 0 to 100%) for each prey

(Brown et al ., 2012) 
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where %FO is percent frequency of occurrence, 
%PN is percent number and %PW is percent weight 
of each prey taxon



There is a problem with the IRI: 

(Brown et al ., 2012) 
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The determined value of %FO represents an upper limit 
to %N and %W values because discrete absences are 
averaged into all measures.

This creates a mathematical dependence between diet 
measures, whose strength increases with the increasing 
frequency of zero values in a diet data matrix.

Amundsen et al. (1996), fully realizing this graphical 
limitation of diet measures in constructing feeding 
strategy diagrams, proposed a new measure termed 
the prey-specific abundance.



What does Prey-Specific IRI (PSIRI) do ? 

(Brown et al ., 2012) 

Seabird Diet Analysis - Metrics

Prey specific abundance is 
defined as percent numerical 
abundance of a prey item 
averaged over the stomach 
samples in which it occurs             
(i.e. excluding zero values). 

Like %FO, the value of the prey 
specific abundance for a prey 
item may take any value (> 0% 
to 100%) independent of values 
for all other prey items.

Diet Data 
Matrix 

By Number  
or Mass

p1 p2 p3 p4

% 
FO

% 
PSA

25       50    50       75

100     50    50      33.3



How Does PSIRI work ? 
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p1 p2 p3 p4
FO 0.25 0.5 0.5 0.75
PN 100 50 50 33.33

PW 100 50 50 33.33
p1 p2 p3 p4

PSIRI 25 25 25 25

N and W p1 p2 p3 p4
s1 1 0 0 0
s2 0 0.25 0.5 0.25
s3 0 0 0.5 0.5

s4 0 0.75 0 0.25



 Prey-specific Index of Relative Importance

(Brown et al. 2012): 
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%PSIRI = [ (%PN + %PV)  * %FO ]  / 2
PN = numerical percentage
PV = volumetric percentage (or mass)
F = frequency of occurrence



 Prey-specific Index of Relative Importance: PRO  

Seabird Diet Analysis - PSIRI

squid_# plastic_# squid_mass_g plastic_mass_g
100 0 100 0
100 0 100 0

95.24 4.76 50 50
0 100 100 0
0 100 100 0
0 0 70 30
0 0 0 100
0 0 0 0
0 0 0 0
0 0 0 0

MEAN = 
98.41

MEAN = 
68.25

MEAN = 
86.67

MEAN = 
60.00



 Prey-specific Index of Relative Importance: PRO
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%PSIRI = [ (%PN + %PV)  * %FO ]  / 2
PN = numerical percent, PV = volumetric percent (or mass)
FO = frequency of occurrence

PRO Squid
#

Fish
#

Plastic
#

Squid
mass_g

Fish
mass_g

Plastic
mass_g

%PA 98.41 - 68.25 86.67 - 60.00

%PSIRI_squid = [ (%PN + %PV)  * %FO ]  / 2
%PSIRI_squid = [ (98.41 + 86.67)  * 0.6 ]  / 2
%PSIRI_squid = [ 185.08]  / 2  = 55.52% 

%PSIRI_plastic= [ (%PN + %PV)  * %FO ]  / 2
%PSIRI_plastic = [ (68.25 + 60.00)  * 0.3 ]  / 2
%PSIRI_plastic = [ 128.25]  / 2  = 19.24% 



 Prey-specific Index of Relative Importance: GIZ
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GIZ Squid
#

Fish
#

Plastic
#

Squid
mass_g

Fish
mass_g

Plastic
mass_g

%PA 91.73 100.00 35.52 78.57 100.00 87.50

%PSIRI_squid = [ (%PN + %PV)  * %FO ]  / 2
%PSIRI_squid = [ (91.83 + 78.57)  * 0.7 ]  / 2
%PSIRI_squid = [ 170.30 * 0.7 ]  / 2  = 59.60% 

%PSIRI_plastic = [ (%PN + %PV)  * %FO ]  / 2
%PSIRI_plastic = [ (35.52 + 87.50)  * 0.4 ]  / 2
%PSIRI_plastic = [ 123.02 * 0.4 ]  / 2  = 24.60% 

%PSIRI_fish = [ (%PN + %PV)  * %FO ]  / 2
%PSIRI_fish = [ (100 + 100)  * 0.1 ]  / 2
%PSIRI_fish = [ 200 * 0.1 ]  / 2  = 10% 



 Analyze 12 Albatross Boluses: 
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LAAL 

Plastic items:

Fragments

Foam

Line

Sheet



 Analyze Albatross Boluses:  Relative Composition (by mass) 

Seabird Diet Analysis – Analysis 

Natural_food_g Natural_NonFood_g Non-Natural_g
mean 51.05 17.73 31.22

std 18.93 11.39 15.76
median 51.77 18.50 26.34

min 10.89 0.07 14.56
max 84.18 34.69 63.25

Quantifying variability:   CV = SD * 100 / Mean

Natural_food_g Natural_NonFood_g Non-Natural_g
CV 37.08 % 50.48 % 64.26 %



 Analyze Albatross Boluses:  Predicting total mass as a 

function of mass  of the three components   
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Bolus Component R squared p value
Natural_food 0.009 0.785

Natural_NonFood 0.619 0.004
Non-Natural 0.568 0.007


