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Abstract

Based on the preliminary results of a survey of prey size in Adélie
penguins, sampling designs intended for the detection of interannual
variations in mean prey size and penguin size-related selectivity were
analyzed in order to find the optimal allocation of observations at each
level in nested ANOVA designs. The optimal numbers of penguins and
krill to be used in the detection of interannual variability in the
parameters concerned are recommended and a required sampling
protocol is suggested.

A table of minimal numbers of penguins to be sampled as a function of
number of sampling dates and magnitude of the variance component is
given, under the assumptions of balanced design and the variance
component of “penguin-by-date” interaction equal to the variance
component of “penguin-within-dates” obtained from a previous study
in Bahia Esperanza.

Restrictions have been fixed in accordance with the recommendations

of the fourth meeting of WG-CEMP: minimum interannual variation for
mean prey size is fixed at 10%; the test power is taken as 0.9 and
Type I errors fixed at 0.1.

Cost values of manpower required are based on Argentinian logistics.

Résumé

Les modeles d'échantillonnage destinés a la détection des variations
interannuelles de la taille moyenne des proies et de la sélectivité en
fonction de la taille des manchots sont analysés sur la base des résultats
préliminaires de la taille des proies chez les manchots Adélie, pour une
allocation optimale des observations a chaque niveau des modeles
ANOVA 2 emboitement. Le nombre optimal de manchots et d'individus
de krill a utiliser pour la détection de la variabilité interannuelle est
recommandé, et un protocole d'échantillonnage suggéré.

Un tableau du nombre minimal de manchots a échantillonner en
fonction du nombre de dates d'échantillonnage et de I'ampleur de la
variance est donné, en présumant ;: un modele équilibré et l'interaction
d'une variance des "manchots-par-dates" égale & la variance des
"manchots-individuels-sur-un-méme-jour" obtenue & Bahia Esperanza,
lors d'une étude antérieure.
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Des restrictions ont été établies conformément aux recommandations de
la quatriéme réunion du WG-CEMP : la variation interannuelle minimale
de taille moyenne des proies est fixée a 10%; la puissance du test est
fixée a 0.9 et les erreurs de type 12 0.1.

Les coiits de la main-d'ceuvre sont fonction des normes argentines.

Peswome

Ha oCHOBaHUM NpeABapUTEJIbHbIX Pe3yJibTaATOB UCCJEAOBaAHUS
pasMepHOro cocTaBa BHAOB, MNOTPEG/sSIEMBX MUHIBHUHOM
Agzeny, cxeMbl c6opa npob6 B LEJSAX BbISIBJAEHHSI MEXIOJOBbIX
H3MEHEHUN cpeAHero pa3Mepa nortpebJssieMblx BUAOB M
pasMepHOH CeJIeKTUBHOCTU MNHHIMBHHOB aHAJU3UPYIOTCS C
TOUKU 3PEHUsI ONTUMaJbHONH WHTEHCHUBHOCTH HabJII0JEHUN Ha
KaXJOM ypoBHe IHe3fioBbiX cxeM. Ilpea/arawTcst onTHMaJb-
Hble pa3Mepbl Npo6 KpUAsT U BbBIGOPOK NUHIBUHOB AJIsI
BBISIBJIEHUSI MEXIOJOBOM M3MEHUHMBOCTH PpacCMaTPHBAaEMbIX
MapaMeTPOB U CXE€Ma B3SITUS NPO6.

IIpuBeaeHa TabuMLla, B KOTOPOi YyKa3blBaeTcsl 3aBUCHMOCTDb
MHWHHUMAJIbHOI'O pa3Mepa BbIGOPKM NMUHIBHUHOB U KOJIMUECTBA
AHell c6opa npo6, a TakXKe BeJUUUHA Ko3ddULMeHTA
U3MEHUYUBOCTH, UCXOAs1 U3 TOI'O, UTO cXeMa cbajlaHCUPOBaHa U
M3MEHUUBOCTb CBsI3U "KOJMUECTBO TUHIBUHOB B BbIGOpKe -
KOJIMUECTBO AHEHN c6opa nNpob” paBHA UBMEHUMBOCTH 3JIEMEHTA
"KOJIMUECTBO TNHHIBHHOB, O6CJ€OBaHHOE B  TeUeHUe
onpeJZieJIEHHOro nepuoa”, BolsiBJeHHOM B XoJe NpeAbI Ay ero
HcCJIeJOBaHH S B 3aJIMBe JcnepaHsa.

OrpaHuueHusi 6blJIM  YCTaHOBJIEHBI B COOTBETCTBHM C
yKa3aHUusiMU UYeTBepToro coBemaHusi Pabouell rpynnel no
CEMP: MHHUMAJIbHOE MEXIroJoBO€ U3MeHEeHHEe CpeAHero
pasMepa notpe6JisieMbiX BUAOB 6bIJIO YyCTAHOBJIEHO Ha ypPOBHE
10%; yyBCTBUTENABHOCTL . INpHUHATA 33 09 U  ypoBeHb
norpemHocreit tunal- 0,1,

CToHMMOCTb HeO6XOoAUMOI paboueil CUJbl OCHOBaHa Ha JaHHbBIX
NOo apreHTHUHCKOMY MaTepHUaJibHO-TEXHUUecKoMy obecrneue-
HUIO,

Resumen

Basdndose en los resultados de estudios preliminares del tamafio de las
especies-presa en la dieta de los pingiiinos adelia, para encontrar la
asignacién éptima de las observaciones para cada nivel de los disefios
anidados ANOVA, se han analizado los disefios de muestreo dirigidos a
la deteccidn de las variaciones interanuales entre el tamafio medio de la
presa y la selectividad correspondiente de acuerdo al tamaiio del
pingiiino. Se recomiendan las cantidades 6ptimas de pingiiinos y de
krill que han de emplearse para la deteccién de la variabilidad interanual
en los pardmetros relacionadso y se sugiere un protocolo de muestreo.



Se presenta una tabla detallando la cantidad minima de pingiiinos de los
cuales se deben tomar muestras en funcién del nimero de fechas de
muestreo y de la magnitud del componente de varianza, suponiendo
que: el disefio estd equilibrado y el factor de varianza de la interaccién
del “pingiiino a la fecha” es igual al factor varianza del “pingiiino entre
fechas” obtenido de un previo estudio realizado en la bahfa Esperanza.

Las limitaciones han sido fijadas de acuerdo a las recomendaciones de
la cuarta reunién del WG-CEMP: la variacién minima interanual para el
tamafio medio de las especies-presa se fija en un 10%; la prueba de
potencia se considera en 0.9 y los errores Tipo I se fijan en 0.1.

El costo del personal requerido se basan en la logfstica argentina.

1. INTRODUCTION

In a previous paper (Marschoff and Gonzalez, 1989) a preliminary analysis of stomach
contents of Adélie penguins from Bahia Esperanza was made using a nested ANOVA design
with data grouped by dates, “penguins-within-dates” and “krill-within-penguins”. These data
do not-allow detection of the variability due to penguin selectivity because the design used was
not intended to calculate the “penguin-by-dates” interaction. Taking account of the 1989
deliberations of the Working Group for the CCAMLR Ecosystem Monitoring Program
(WG-CEMP), the present paper develops a sampling protocol for the optimal allocation of
observations at each sampling level.

Noting that penguin selectivity not only might affect monitoring results but also has a
biological interest of its own, a suitable sampling design for its detection is also discussed.

2. DETECTION OF INTERANNUAL VARIATIONS IN
THE MEAN SIZE OF KRILL EATEN BY PENGUINS

At the 1989 Meeting of WG-CEMP, the desirable minimum size of changes to be detected
was set at 10% of the parameter values. A value of 0.9 was suggested for the test power
(probability of obtaining a significant result).

In the nested ANOVA design, discussed in Marschoff and Gonzalez (1989), comparison
between years results naturally in a new level added at the top. Exact F tests are obtained
dividing the mean square for “years” group by the mean square for “dates-within-years” group.

Given the costs of sampling at each level, it is possible to define a sampling protocol
achieving the desired test power while minimizing cost. We will present the calculations made
for the completely balanced case, along the lines discussed in Bliss (1967). The resulting
design should be adjusted for different cost structures and ancillary objectives of the field work.
In the present calculations manpower in Antarctica was estimated as four times as expensive as
on the mainland.

In our design (4-level nested Model II ANOVA), the expected mean square for “years”
group is:

2 2 2
E(MSY) = Ogcp + Iig - Opcp + Ny Ng *Opcy +Np* Np- Ng- Oy D
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where Ofcp is the variance component of the “krill-within-penguins” group,

ng is the number of krill measured in each penguin sampled,
Opcp is the variance component of “penguins-within-dates™ group,

np is the number of penguins sampled each day,
Opcy is the variance component of “dates-in-years” group,

n, is the number of sampling days, and
oy the variance component due to differences between years.

The expected values for the variance components and their 80% confidence intervals
have been extracted from Table 3 of Marschoff and Gonzalez (1989):

Variance Expected 80% Confidence Interval Limits
Component Value Lower Upper
Okce 44.1661 42.54 45.93
Orcp 10.2986 7.33 14.98
Gbey 32.6738 12.91 51.62

The cost associated with each determination of the annual mean results from the sum of
costs at the different levels. We included the additional cost for the first unit of sub-samples
(first sample from a penguin during the day or first sample of a “krill-within-a-penguin” group)
at the higher sampling level. '

. The yearly cost (C) of estimating the mean size of krill eaten by penguins at a given site
is:

C = nD.CD+nD.np.Cp+nD.nK.CK

where C, is the cost associated with each sampling day; not related to the number of
penguins sampled. It is dependent on the location of colonies, other sampling
programs to be carried out on the same colonies, etc. For Esperanza Base it was
estimated on the basis of two people working for two and a half hours;

Cp is the cost of catching, sampling of a stomach content and labelling a penguin.
Depending on methods, experience, etc, for Esperanza Base it was estimated
based on two people working for 20 minutes; and the laboratory time was one
person working for one hour to sort and clean the well-preserved fraction of
stomach content; and

Ck is the cost of measuring and processing the measurements of one krill specimen.

Actually it takes us about four to five minutes, but by means of automating the
recording procedure reduces this to two and a half minutes.

554



C should also include costs which are not directly dependent on the design, e.g.
transportation, food, etc.

The optimal numbers of penguins and krill (those yielding maximum information at a
fixed cost) were calculated from: ’

These optimal numbers are sensitive to etrors in a ratio between variance components.
For this reason, 80% confidence limits were used in order to achieve the desired power of the
test. In our case, the upper limit for optimal numbers has been calculated using the following
expressions, where sub-indices u and I indicate the upper and lower limits of confidence
intervals respectively:

263 <3

25.03 < 26

A 10% change in the mean of two years results in the following variance component due
to interannual differences:

Gy =2(0.05 >
The parametric mean length (i) of “krill-within-penguins” group, was estimated for
Bahfa Esperanza as 38.41 mm. This means that the value of 62 which we wish to detect will

be 7.350.

From (1) the 0% can be expressed as a function of np and the expected mean square

for “dates” group E(MSD):

E(MSD) = o'icp + g - G%’CD +Np- Ny - G%CY
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Using the formulae for confidence intervals of variance components in an iterative
procedure (Bliss, 1967, p. 259), the minimal value of n; yielding a 90% confidence interval

for oy resulted in n=16. This value defines the size of sub-samples at the year level assuring

a test power of 0.9 for the detection of a 10% variation in the mean size of krill eaten by
penguins. Finally, the suggested sampling protocol is:

Sample during the créche period on 16 selected days at random. On each day,
three stomach contents of randomly selected penguins should be obtained
including at least 26 well-preserved krill specimens the measurements of which
are to be recorded.

The value obtained for ng (number of krill in a stomach) seems to be relatively low.
As these data might be used for other purposes, we recommend that either all krill present be
recorded or that the sample be kept for further use. This model should be revised in view of the
results of the penguin selectivity analysis.

3. TESTING PENGUIN SELECTIVITY

If extant, size selectivity of krill by penguins will result in a significant random factor.
When isolated in an appropriate Model II design, this factor will yield a variance component for

penguins significantly different from zero (o3).

A suitable design for such analysis is the two way Model II ANOVA where dates and
penguins are crossed; the mean squares of factors should be tested against the mean squares of
the “penguin-by-dates” interaction. The expressions for the expected mean squares are:

E(MSD) = Of +ng- GiXD +1p- Ny - Op
E(MSP) = Of +Mg- Gpyp + Np - g - O%
E(MSPXD) = O + Nig - Goxp

E(MSE) = ok

We estimated that the variance component due to “krill-within-penguins” interaction as
0y=44.1661 (Marschoff and Gonzalez, 1989) and the upper limit for the “penguins-by-dates”

variance component as:
2

2 . o . .
We assumed that Oy, < Ghep in the estimation of sample sizes would result in a test

power at least equal to that required. The sample sizes obtained should therefore be considered
as upper limits for the optimal values. Table 1 was constructed for different values of the
penguin variance component based on the abovementioned assumption,

It is to be noted that this design requires all penguins involved to be sampled on the
same dates. As this is not possible because of the differences in penguin return dates, the actual
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design will be incomplete. This results in a test power loss which cannot be estimated without
the actual values (return date is in itself a random variable) and using more complicated designs.
Therefore, np and np values should be considered only as a guide for field work.

The cross-classification Model II ANOVA might also be used for the comparison between
fresh and digested fractions of stomach contents. In this case we have an extra component of
variance coming from variation in meal times. This component will be a part of the interaction
and cannot be assessed without direct information on its magnitude. Thence, at least a
preliminary set of field data is needed to proceed with this line of investigation.
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Table 1:  Numbers of penguins to be sampled as a function of number of sampling dates and
variance component due to differences between penguins. Test power fixed at 0.9.

Variance Number of Sampling Dates
Component | 5| 3| 4 71 8| 9| 10| 11| 12] 13| 14| 15| 16

10.298 13 6/ 4 21 21 21 2 2 2
7.3750 19, 8 5§ 31021 2 20 2] 2
3.2674 60| 22| 13 5| 41 4] 3| 3| 3

1.0298 | 434|150 78| 48] 34| 25| 19| 16| 13| 11} 10
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Tableau 1:

Tabauya 1:

Tabla 1;

Liste des tableaux
Nombre de manchots & échantillonner en fonction du nombre de dates

d'échantillonnage et de la variance due aux différences entre les manchots.
Puissance du test fixée 4 0.9.

CnUcoK TabJauil

32BHCHMOCTb KOJIMUECTBA MUHIBUHOB B BHIGOPKE OT KOJIMUECTBA AHEN
c6opa Npo6 U KOMIIOHEHTA U3MEHUMBOCTHU, CBSI3AHHOT'O C Pa3/IMUUSIMH
MeXy OCOBSIMH MUHIBUHOB, UyBCTBHUTEIbHOCTb NPHUHsITA 32 0,9.

Lista de las tablas
Cantidad de pingiiinos que deben ser muestreados, en funcién del nimero de

fechas de muestreo y del factor de varianza debido a las diferencias entre
pingiiinos. Potencia fijada en 0.9.
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