Seabird Diet Analysis
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S cabirds have always been important to Hawailans. Ancient Polynesian voyagers
observed seabirds to find schooling fish and to navigate between islands.




Quantifying Seabird Diet
U Different methods for obtaining samples:

A observations:
bill loads

(one or more fish)

A barf:

fresh / complete

A boluses:

indigestible items




Seabird Diet Analysis

U Different metrics of analysis and different methods of
sampling can influence the outcome of diet  studies:

A relative occurrence: % birds containing prey item

A relative abundance: % abundance of prey items

Diet Studies of Seabirds: a Review of Methods
DaviD CAMERON DUFFY AND SUSAN JACKSON
Percy FitzPatrick Institute of African Ornithology, University of Cape Town, Rondebosch 7700, South Africa.

Abstract.——Methods of collecting, analysing and presenting data on the diets of seabirds are reviewed,
with consideration of methods employed in diet studies of other organisms. Killing of birds continues to be
the primary source of dietary information from birds at sea but is no longer necessary for studies on land.
Stomach pumps obtain complete stomach evacuation with low mortality. Stomach samples should be examined
as soon as possible after collection, to avoid biases caused by preservation. Presentation of data is best done
by rank-order to facilitate comparison between studies, but as many data should be provided as possible.
Future work on diets will be strengthened through knowledge of digestion rates and nutritional values of food.
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Seabird Diet Analysis o Mass / Volume

Quantitative Analysis  (Harrison et al. 1983)

By Mass or Volume: Prey items sorted into categories
(fish / squid / plankton), identified to lowest possible
level, and measured (mass or volume)
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Seabird Diet Analysis - Number
Quantitative Analysis (Harrison et al. 1983)

By count: Indigestible hard parts are counted and
identified to the closest possible taxonomic level

Fish Otoliths Squid Beaks



Seabird Diet Analysis - Number

Quantitative Analysis

By count: Can we identify the
number of individuals from the
number of items counted ?




Seabird Diet Analysis - Limitations

U Difficult to combine mass / volume and number data

The ideal system ... [of diet analysis] is one that
combines the good points of both the numerical and
volumetric methods — a system which, as a matter of
record, counts individuals as far as possible, or at
least in enough instances to assure the inclusion of
typical cases, and which further estimates the

proportion of all relevant items by bulk. (McAtee
1912, p. 464)

Measurements of numbers, volume and frequency of
occurrence used traditionally in evaluating stomach
contents of fish fall short of depicting true relative
value. Numerous small organisms overshadow the
importance of a few large ones. Differential digestive
values distort volumetric measurements. Frequency of
occurrence tabulations are sensitive to sampling error.
An 1deal representative value would probably be one
which integrates each of the above plus one for
nutrition. (Pinkas et al. 1971, p.9)

Need to count individuals

(McAtee 1912)

Need to integrate different
components into a single metric

(Pinkas et al. 1971)



Seabird Diet Analysis - Metrics

U How can we combine mass / number information ? IRl

Wildlife Research, 2002, 29, 415421

The index of relative importance: an alternative approach to reducing
bias in descriptive studies of animal diets

R. K. Hart*, M. C. Calver™* and C. R. Dickman®

ASchool of Biological Sciences and Biotechnology, Murdoch University, Murdoch,
WA 6150, Australia.
SInstitute of Wildlife Research, School of Biological Sciences, University of Sydney,
Sydney, NSW 2006, Australia.
“To whom correspondence should be addressed. Email: calver(icentral. murdoch.edu_an

Abstract.  The Index of Relative Importance (IRI) is a composite measure that reduces bias in descriptions of
animal dietary data. The two papers introducing the IRI in 1971 had been cited a total of 214 times by the end of
2001 and proposed as a standard methodology. However, 180 of these citations concerned the description of the
diets of fish, indicating that the IRI 15 not well known outside fishenes biology. This illustrates how the interests of
researchers in a narrow range of taxa may restrict the application of a useful technique to particular groups of
animals. Here we apply the IRI to dietary data from one mammal species, two bird species and two species of
geckoes to illustrate its applicability to a wide range of taxa. We believe the approach should be considered senously
by terrestrial ecologists concerned about the biases inherent in single-index approaches to describing animal diets.



Seabird Diet Analysis - Metrics

U Different metrics biased oow, = 2007
> W,
(presence / mass / number) =
00, — 1000;
U Multiple metrics are thus - Yo
preferable o
oiN. — LOON;
U Good to compare various 3N

metrics with correlation )
%IRI; = 100-IR]; 2 IRI;

Index?
Index Y0 YaN YaMIET YalRI
YoW 0.64 048 0.93 0.76
%l 0.73 0.76 0.86
Yald 0.57 0.83
YahIEI 0.90
( L|a0 et al ] 200 1) 2 %0 = percent occwrence, %N = percent by mumber, %eMIRI =

percent modified mdex of relative mportance, and %IRI = per-
cent index of relative importance.



Seabird Diet Analysis - Metrics

Approach I:  Use a single component index such as
%W, %N, or %0, chosen on basis of specific purposes.

) 1000,
i % Occurrence w0; = 5
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) 0N, 100N;
U % Number o B

0 % Mass %W; = 5



Seabird Diet Analysis - Metrics

Approach Il:  Use a compound indices such as IR,
based on the idea that a combination of different
component measures provides a more balanced view.

To evaluate the importance of each prey taxon in the
diet, the index of relative importance (IRI) was employed:

IRI=(N+ V)E

where N Is percent number, V Is percent volume and
F is percent frequency of occurrence of each prey taxon

(Pinkas et al ., 1971)



Seabird Diet Analysis - Metrics

Approach I[II : Use the modified relative IRI (%IRI )
based on the idea that a combination of different
component measures provides a more balanced view.

Owi ng to difpculties ex
valuesamong prey types, th
prey taxa ( IRl) are converted to % IRI as follows:

peri e
e | RI

n
Y%olRI; = 100 -IRI; z( IRI;

(Pinkas et al ., 1971)



Seabird Diet Analysis - Metrics

Approach IV: Use relative Prey -Specific IRl (PSIRI )
based on the idea that a combination of different
component measures provides a more balanced view.

%FO; x (%PN; + %PW;)
2

where %FO is percent frequency of occurrence,
%PN is percent number and %PW is percent weight
of each prey taxon

(Brown et al ., 2012)



Seabird Diet Analysis - PSIRI

U Prey-specific | ndex of Relative Importance (PSIRI)
(Brown et al. 2012):
PSIRI = [ (%N + %V) *%F] /2

N = numerical percentage
V = volumetric percentage (or mass)
F = frequency of occurrence

U Range of Values of IRI:

O: Prey item never eaten by predator
(mass = 0, number = 0, frequency = 0)

1. Every prey item eaten by predator
(mass =1, number =1, frequency = 1)



Seabird Diet Analysis 0 Analysis

PROVENTRICULUS: ~

GIZZARD:

Analyze 10 Shearwater Stomach Content Samples:
BIRD_ID beak # beak m g fish_bones # fish_.m g ©plastic # plastic_m g Total # Total Mass ¢
2012042 2 0.05 0 0 0 0 2 0.05
2012053 0 0 0 0 0 0 0 0
2012055 0 0.05 0 0 1 0.05 1 0.05
2012057 0 0.1 0 0 0 0 0 0.1
2012058 0 0 0 0 0 0 0 0
2012060 1 0.05 0 0 0 0 1 0.05
2012062 0 0.05 0 0 0 0 0 0.05
2012065 20 0.35 0 0 1 0.15 21 0.35
2012070 0 0 0 0 0 0 0 0
2012071 0 0 0 0 4 0.05 4 0
Total 23 0.65 0 0 6 0.25 29 0.65
BIRD_ID beak # beak m_g fish_bones # fish_.m g plastic # plastic m_g Total # Total Mass g
2012042 0 0.05 0 0 0 0 0 0.05
2012053 0 0 0 0 9 0.05 0 0
2012055 50 0.05 0 0 0 0 50 0.05
2012057 1 0.1 0 0 0 0 1 0.1
2012058 0 0 2 0.05 0 0 2 0.05
2012060 9 0.1 0 0 1 0.05 9 0.1
2012062 0 0.05 0 0 0 0 0 0.05
2012065 10 0.1 0 0 3 0.2 10 0.1
2012070 0 0.05 0 0 0 0 0 0.05
2012071 0 0 0 0 1 0.05 0 0
Total 70 0.5 2 0.05 14 0.35 72 0.55



Seabird Diet Analysis 0 Analysis

U Analyze 10 Shearwater Stomach Content Samples:

WTSH

Plastic items:

95% fragments:

rigid and small




Seabird Diet Analysis 0 Analysis

U Analyze 12 Bolus Samples:

Item Number| %_Number | Wet_Mass (g) | %_Wet_Mass Comments

TOTAL




Seabird Diet Analysis 0 Analysis

U Analyze 12 Albatross Boluses:

LAAL

Plastic items:

Fragments
Foam
Line

Sheet



