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STUDY OF PREY AND PREDATOR PARAMETERS
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Abstract

Size selectivity of krill by penguins is shown to be highly sensitive to
the statistical assumptions made during the analysis of data. The
nested ANOVA method is proposed as being the correct approach for
analysis because lack of independence between krill specimens found
in the stomach of a given penguin prevents the pooling of krill lengths
from different samples. Samples taken in Bahia Esperanza were used
to illustrate the different approaches to this analysis. A highly
significant linear regression between krill size and time of sampling
was found.

Full use of information obtained from analysis of penguin stomach
contents requires block sampling designs. Replicating samples from
the same penguin or studying portions of stomach samples at different
stages of digestion are proposed as alternative methods.

Résumé

La sélectivité de la taille de krill par les manchots est démontrée
comme étant trés sensible aux hypothéses statistiques sur lesquelles
I'analyse des données est fondée. |l est proposé de considérer que la
méthode correcte est celle des modéles ANOVA & emboitements, étant
donné que le manque d'indépendance entre les spécimens de krill
trouvés dans I'estomac d'un manchot donné empéche de regrouper les
longueurs du krill provenant d'échantillons différents. Les
échantillons prélevés dans la Bahia Esperanza sont utilisés pour
expliquer les différentes approches a cette analyse. Une régression
linéaire trés significative entre la taille du krill et I'époque
d'échantillonnage a été observée.

L'utilisation intégrale des informations provenant de l'analyse des
contenus stomacaux des manchots nécessite I'emploi de modéles
d'échantillonnage en bloc. La reproduction des échantillons provenant
du méme manchot ou I'étude de portions du contenu stomacal a
différents stades de digestion est proposée comme autre méthode
possible. A

Pe3wMe

CeJIeKTUBHOCTDb MUHTBUHORB B OTHOIEHUH pasMmepa
norpebasieMoro HMU KpUJist NpOSIBASIET BBICOKY IO
YYBCTBUTEJNIbHOCTD K CTATUCTUUECKUM JAOMYUEHUSIM,
cAeJIaHHBIM TMpPU aHaJu3e J[aHHBIX. B KauecTBe BEPHOIro
noaxoJa NpeajaraeTrcsl rHe3ZloBoli MeTo aHaJuza (ANOVA),
NOCKOJIbKY JaHHble MO JJIUHe KpWJis, TMOJIyueHHble IO
OTAEJbHBIM NpPO6aM, HEBOMOXHO CBECTH BOEJUHO B CBSI3U C
TEM, UTO B XeJyAKe MUHIBUHA KPUJIb B 3HAUUTEJBHOI CTEMEHU
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nepeMemaH. IIpo6bl, B3sITble B PpalloOHE 3aJjuHBa JCIE€paH3a,
HCMOJBb3YyTCsT B KauecTBe  WJIJIIOCTPALUM  PasJIMUHBIX
MOAXOJOB K TaKOMY aHaJu3y. Dbljla BbIsIBJIEHA BaXHasi
JUHEelHasl perpeccUBHasl 3aBHCHUMOCTb MeEXJY Ppa3sMepoM
KpuJisi U BpeMeHeM c6opa npob.

[/ U3BJEUEHUs] MAKCHMAaJIbHOIO KOJIMUecTBa HHPOPMaIUU
Npu HCCJAEZOBAHUM COAEPXKHUMOIo KeJYyAKOB MNUHIBUHOB
HeoB6XOAMMBI CXeMbl IpPOBeAEHUs IpyNnnoBoil Bb6OpKU. B
KauecTBe aJIbTEePHATUBHBIX METOIOB NpeAaaranTcsl
MHOI'OKpaTHBIe NPO6BI COAEPKHUMOro xeJyAKka OJHOIo U TOro
€ MUHIBUHA U U3yueHue GparMeHTOB COAEPXXHUMOTO XeJly Ka
Pa3JIMUHON CTENEHU NNEPERAPEHHOCTH.

Resumen

La selectividad del tamafio del krill hecha por los pingiiinos demuestra
ser sumamente sensible a las suposiciones estadisticas hechas en el
analisis de datos. El método inclusivo ANOVA se propone como el
correcto enfoque para analisis, porque la falta de separacion entre los
especimenes de krill que se encuentran en el estémago de un cierto
pingiino evita hacer un agrupamiento de datos sobre medidas del krill
de diferentes muestras. Muestras tomadas en la Bahia Esperanza se
utilizan para ilustrar los diferentes aproches a este analisi. Se
encontré6 una regresion linear sumamente significante entre el
tamafio del krill y tiempo.

Se necesita un conjunto de disefios de muestreo para lograr la
utilizacién completa de la informacién obtenida de los contenidos
estomacales. Se proponen como métodos alternativos, la reproduccién
de muestras de un mismo pingliino o estudiando porciones del
contenido estomacal que presenten diferentes niveles de digestion.



A study of penguin diet conducted simuitaneously with monitoring prey parameters
would be clearly advantageous. It would enable interpretation of changes observed in
predator parameters by taking into account changes in monitored prey parameters. It would
also allow prediction of possible consequences for predators of changes in prey parameters.
Such a simultaneous approach is fundamental to the CCAMLR Ecosystem Monitoring Program.

It would be difficult to design an experiment which combines simultaneous
measurement of prey and predator parameters (e.g. measurement of krill size distribution
and abundance within the foraging range of a monitored colony of predators during their
breeding season). Sampling of krill introduces the problem of net selectivity which,
together with krill swarming behaviour, makes it extremely difficult to ensure that the area
of sampling coincides accurately with the foraging range of penguins.

A study of krill length frequency distribution in samples taken from penguin
stomachs provides a great deal of important information on prey and predators. If designed
properly, a study of this type may be used for evaluating the variability of some prey
parameters.

The value of this study would depend on selectivity properties of penguins as krill
samplers; whether or not a length frequency distribution of krill in their stomachs reflects
changes in food availability. If penguins do have selectivity properties, would it be possible
to define which characteristics of penguins (e.g. sex, age, etc.) may be considered as
representative selection factors and also, would it be possible to define groups of penguins
lacking selectivity?

Some published studies on size selectivity of krill describe penguins as highly
selective predators. A statistically significant difference was found in length distribution of
krill in samples taken from penguins of different sex and size. In these studies, all krill
taken from stomachs of a particular group of penguins were pooled together in order to
estimate the mean size of krill which in turn, was tested against the variance of the pooled
samples. These analyses imply that an individual krill was independent from the remaining
krill in the same penguin stomach. This assumed independence does not take note of krill
swarming behaviour and is therefore incorrect.

In our study we made comparative analyses of 41 stomach samples of penguins from
Bahia Esperanza, randomly divided into two groups (Table 1). Obviously, the highly
significant F-statistic means only that the assumption of independence is incorrect, and
demonstrates that differences between groups of penguins cannot be tested against the “krill
in penguins variance” because such tests will yield misleading results.

The nested ANOVA method is the correct statistical procedure for this type of analysis.
This method of analysis demonstrated that there was an insignificant F-statistic for the
random groups, but a highly significant F-statistic for penguins within the random groups
(Table 2).

At this stage it seems reasonable to assume that the question of size selectivity of
krill by penguins is at least open to question.

Results shown in Table 3 are much more interesting. When samples were grouped
according to their collection dates, the resultant statistics were insignificant both for the
dates and “penguin within dates” groups. It is now evident that individual penguins feed on
krill of different sizes; but krill size is also affected by the date of collection.

The “penguin within dates” component is, at least partially, a consequence of patch
distribution of krill. A fraction of this component might reflect particular characteristics
of penguins (e.g. sex, age, etc.), which may be responsible for their preference for krill of a
particular size.
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It should be stressed that unless any grouping by date is tested against the appropriate
variance (between dates), erroneous results will be obtained. One example is shown in
Table 5: samples from penguins have been classified in accordance with the day of the week of
collection (e.g. Monday, Tuesday, etc.). The resulting nested ANOVA does not take into account
“between dates” variability and shows a significant result. Obviously, penguins do not
observe religious fasts stipulating that only smaller krill be eaten on Wednesdays and
Fridays. This result illustrates that penguins included in any weekday group are not
independent but related through sampling dates, and this dependence should be reflected in
the analysis.

The regression analysis demonstrates a positive trend in mean sizes of krill with
time (Table 4 and Figure 1). In view of this significant regression, it is reasonable to
assume that the variance component due to date is the result of differences in krill
population parameters during the sampling period. It may be argued that some pertinent
component may result from the changing preferences of penguins (e.g. due to their varying
needs throughout the creche period). The complex nature of these possible changes prevents
the comparison of colonies to test the existence of more general trends.

The important point here is that data as currently collected will not contribute
towards resolving this difference. A random block design is needed to separate penguin
dependent sources of variation from those depending on krill availability, and increasing a
number of samples in order to include adults is desirable.

Blocks might be defined in different ways, but the most interesting would be a swarm
of krill. Unfortunately it would be technically very difficult, if not impossible, to identify
the swarm on which individual penguins feed. Another useful set of blocks would be obtained
by replicating samples from the same individual. This procedure would: provide the “within
blocks” degree of freedom needed for the independent testing of hypotheses about selectivity
and prey parameters and can be obtained simply by replication of samples from the same
individual, by comparison of differently digested portions of the same sample or by a
combination of both methods.

Other definitions of blocks based on penguin characteristics (sex, age, beak size,
reproductive condition, etc.) can be used, but results would be difficult to interpret because
the distribution of penguins at sea is basically non-random.

The proposed methodology would also be useful for krill studies. When preferences of
penguins are evaluated and discounted, the remaining effects of variations in prey
parameters will provide valuable information about krill populations. Krill length
distributions might be considered as resulting from environmental conditions within the
area continuously sampled by penguins in the foraging range of a colony, thus opening the
possibility for combining ship and land-based studies using powerful and well designed
dynamic models.
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Table 1:  One factor ANOVA for two random groups of penguins. See text for discussion.

Analysis of Variance
Source of Variation DOF Sum of Squares  Mean Square Fs Probability
Random groups 1 611.46 611.46 8.01 0.004772
Krill (within group) 2238 170824.75 76.33

Table 2:  Nested ANOVA for two random groups of penguins. See text for discussion.

Analysis of Variance

Source of Variation OF Sum of Squares  Mean Square Fs Probability
Random groups 1 611.46 611.46 0.32 0.57913
Penguins in groups 39 73702.28 1889.80 42.79 0.0
Krill (within group) 2199 97122.39 44 .17

Components of Variance

Source of Variation Percentage
Random groups 0.0
Penguins in groups 45.07
Krill (within group) 54.93

Table 3: Nested ANOVA for groups of penguins sampled on the same day. See text for

discussion.
Analysis of Variance

Source of Variation DF Sum of Squares  Mean Square Fs Probability
Dates 9 56052.57 6220.06 10.57 0.0
Penguins in dates 31 18261.16 589.07 13.34 0.0
Krill (within group) 2199 97122.39 44 .17

Components of Variance

Source of Variation Percentage
Dates 37.50
Penguins in dates 11.82
Krill (within group) 50.68
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Table 4:  Regression of krill mean size consumed by penguins as a function of collection

date.
Analysis of Variance
Source of Variation OF Sum of Squares Mean Square Fs Probability
Between dates 15 1043.63 69.58 4.43 0.00055
Linear regression 1 908.46 908.46 57.81 0.0
Constant regression 1 52911.36 52911.36 3367.10 0.0
Deviation from regression 14 135.17 9.66 0.61 0.82842
Error within groups 25 392.86 15.71
Total sum of squares 40 1436.49
Uncorrected total 41 54347.84

Table 5: Nested ANOVA for groups of penguins sampled on the same weekday. See text for

discussion.
Analysis of Variance

Source of Variation OF Sum of Squares Mean Square F Probability
Between days of the week 5 39299.13 7859.83 7.86 0.000055
Penguins in weekday 35 35014.61 1000.42 22.65 0.0
Krill (within group) 2199 97122.39 44,17

Components of Variance

Source of Variation Percentage
Between days of the week 26.84
Penguins in groups 21.70
Krill (within group) 51.46
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Figure 1: Krill size as a function of time of sampling. Krill consumed by penguins in Bahia Esperanza. Observed trend in the size of
krill consumed by penguins. See Table 4 for statistical analysis.




Tableau 1:
Tableau 2:
Tableau 3:
Tableau 4:

Tableau 5:

Figure 1:

Tabuauua 1:

Tabauna 2:

Tabauna 3:

Tabéanua 4:

Taésmua 5:

PucyHOK 1:
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Liste des tableaux

ANOVA & un facteur pour deux groupes de manchots choisis au hasard. Voir le
texte pour discussion.

ANOVA a emboitements pour deux groupes de manchots choisis au hasard.
Voir le texte pour discussion.

ANOVA & emboitements pour des groupes de manchots échantillonnés le méme
jour. Voir le texte pour discussion.

Régression de la taille moyenne du krill consommé par des manchots en
fonction de la date de recueil.

ANOVA a emboitements pour des groupes de manchots échantillonnés le méme
jour. Voir le texte pour discussion.

Liste de la figure

Tendance observée de la taille du krill consommé par les manchots. Voir le
tableau 4 pour I'analyse statistique.

CHUcoK TabJuL

0AHO(pAKTOPHBIN perpeccHOHHbIM aHa/au3 (ANOVA) ABYX NPOU3BOJIbBHO
OTO6paHHBIX TIpynn NUHrBUMHOB. IlosicHUTeJIbHasi UWHQOpMalusl
MpUBeJeHa B TEKCTE.

I'He3A0OBOI perpeccuoHHbIl aHaau3 (ANOVA) JIBYX MPOU3BOJIBHO
OTO6paHHBIX TIpynn NUHrBMHOB. IlosicHUTeJNbHast MWHOpMalusl
IIpUBEJEHA B TEKCTE,

'He340BOIl perpeccUOHHBI aHaau3 (ANOVA) npo6 coAepXuMoro
KeJyAKOR I'pyIln NMHHIBUHOB, MOJIyUEHHBIX B OJAWH U TOT X€ JeHb.
TlosicHUuTEebHAA UH$OpMalLlls TPpUBEJeHa B TEKCTE.

Perpeccusi cpeZiHel AJUHBI KpUJIS, TOTPeB6JIIEMOro MUHIBUHAMU, KakK
$dyHKIUS AaTbl c6opa npo6.

'He3A0BOII perpeccUOHHbINT aHaau3 (ANOVA) mnpob coAepXUMOro
XeJyAKOB I'pyIln NMUHIBUHOB, NMOJIyUEeHHbIX B OJUH U TOT X€ AEHDb
Heedau, [losscHUTebHASA UHPOpMaL Ml TpYBeZleHa B TEKCTE,

Cnucok PHCYHKOB

PasMmep KpuJist Kak yHKIHsI AaTbl c6opa npo6. Kpuib, norpe6asieMblii
MUHIBUHAMU B pafioHe 3aJuBa JcnepaHsa. HabJuwaaeMasi TEHAEHLMSI
U3MEHEHU I pasMepa  noTpebJsieMoro MUHIBUHAMU KpHJid,
CTaTUCTUUECKUI aHa/ 13 npuBeieH B Tabaulie 4.,




Tabla 1:

Tabla 2:

Tabla 3:

Tabla 4:

Tabla 5:

Figura 1:

Lista de las tablas

ANOVA de un factor para dos grupos de pingiiinos tomados al azar. Referirse
al texto para discusion.

ANOVA incluido para dos grupos de pingiiinos tomados al azar. Referirse al
texto para discusion.

ANOVA incluido para grupos de pingliinos de los cuales se han tomado
muestras en el mismo dia. Referirse al texto para discusion.

Regresién del tamafio promedio de krill consumido por los pingiinos como
funcion de la fecha de recolleccion.

ANOVA incluido para grupos de pingiliinos de los cuales se han tomado

muestras en el mismo dia de la semana. Referirse al texto para discusion.
Lista de las figuras

Tamafio del krill como una funcién de tiempo de muestreo krill consumido

por los pingiinos en la Bahia Esperanza. Tendencia observada en el tamafio

del krill consumido por los pingtinos. Referirse a la tabla 4 para analisis
estadistico.
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