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Abstract

Numerical simulations were used to investigate the power of methods
for detecting changes (between years) in pup growth rates, the loss
of power associated with obtaining weight samples on only three dates
in a season, and potential means of increasing the power of the
CCAMLR Ecosystem Monitoring Program Standard Method C1 (B).
Using estimates of variance in pup weights obtained at Seal Island
(60°59.5'S, 55°24.5'W), the simulations suggest that following the
protocol of the Standard Method (50 pups of each sex, weighed on four
dates at 28-day intervals) would result in the ability to detect a 17%
change in the growth rate with a 10% chance of committing Type 1 or
Type 2 errors. If only three samples (50 pups, 28-day intervals)
are obtained, the detectable change increases to about 34% under the
same conditions. Slight gains in power can be obtained in some cases,
without increasing the total number of pups weighed in a season, by
decreasing the time between weighings.

Résumé

Des simulations numériques ont été utilisées pour examiner
I'efficacité des méthodes de détection des changements (entre années)
dans les taux de croissances des jeunes, la perte d'efficacité liee au
fait que les échantillons de poids n'ont été obtenus que trois fois par
saison, et les moyens potentiels d'augmenter l'efficacité des Méthodes
standard du Programme de contréle de I'écosystéme de la CCAMLR
C1 (B). En se basant sur les estimations de variance de poids des
jeunes, obtenues a I'fle Seal (60°59,5'S, 55°24,5'W), les
simulations suggerent qu'en suivant le protocole de la Méthode
standard (50 jeunes de chaque sexe, pesés a quatre dates espacées de
28 jours), l'on pourrait déceler un changement de 17% dans le taux
de croissance, avec 10% de chances de commettre des erreurs de type
1 ou 2. Si l'on n'obtient que trois échantillons (50 jeunes, a
intervalle de 28 jours), les changements décelables augmentent
d'environ 34%, dans les mémes conditions. Dans certains cas,
I'efficacité peut étre légerement augmentée sans augmentation du
nombre total de jeunes pesés en une saison, en diminuant le temps
passé entre les pesées.

PezoMe

IIpu uccaenoraHuu 3PPEeKTUBHOCTHU METOAOB B BBISIBJIEHUH
(MeXroAoBbIX) U3MEHEeHUN TeMIa pocTa I[€HKOB,
PACCMOTpPEHHUH  CHUXeHUU  >PPEeKTUBHOCTH  BCJEACTBUE
NMoJiyueHUusl AaHHLBIX MO BeCy TOJIbKO 3a TPHU AHsI B TEeUEHUE
Ce30Ha U MOTEeHLUAJbHbIX NyTeH MoBblleHUst 3¢ PEeKTUBHOCTH
CrangaptHoro Metoza C1 (B), sBJsOIerocss 4acTbo
NMporpammel AHTKOMa Mo MOHHUTOPHUHIY 3KOCHCTEMBI, 6bljO
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HCIIOJb30BAHO MaTeMaTHUeCKoe MOJZeJIUPpOBaHHUE. B
pe3yJbTaTe MPUMEHEHUsI NMpH MOAEJUPOBAHHUHM MOJYy4Y€EHHBIX
Ha ocTtpoBe Cua (60°59,5'o.m., 55°24,5'3.1.) OLLeHOUHBIX
BeJIMUMH W3MEHUMBOCTH BeCa I[€eHKOB, 6bLJIO CJeJaHO
3aKJKUYEHHUEe O TOM, UTO MNpH CJAE€AOBaHUU IIpoUeypH
CrtanaapTHOro Metrona (50 I{eHKORB KaXxJjoro noJa
B3BEMIBAITCSI UETHIpE pa3a ¢ UHTEPBAJIOM B 28 AHeH) MOXHO
BBISIBUTh 17%-HO€ HU3MEHEeHHe TeMIla pocTa, IIpU 3TOM
cymectBryeT 10%-Hast BEpOATHOCTb AONYI[E€HHsI NMOrPEelHOCTU
Tuna 1 uau 2, IIpu noJsydyeHuu Jjavmb 3 npo6 (50 meHKOB B
KaXXZIoMl ¢ UHTEpBaJOM B 28 AHEN) NPH TaKUX Xe YyCJIOBUSIX
MOXHO BBISIBUTb 60Jiee 3HaUUTEJbHOE, 34 % -HOoe uaMeHeHue, B
HEKOTOPHIX CJAyUasix 3(h¢EKTUBHOCTb MOXET 6bITh MOBbINIEHA B
HEKOTOPOI CTENEHU NNPU OTCYTCTBUH YBEJHUEHUS] KOJIMUECTBA
H€HKOB, B3RElleHHbIX B TeueHHe OJHOr'o Ce30Ha 3a CcuUeT
COKpallleHUs1 UHTepBRaJia MeXAY B3BEMUBAHUSIMHU,

Resumen

Simulaciones numéricas se utilizaron para investigar la capacidad de
los métodos para detectar los cambios (entre afios) en el indice de
crecimiento de los cachorros, la incapacidad asociada con la obtencién
de muestras de peso en solo tres fechas en una temporada, y maneras
potenciales de aumentar la capacidad del Método Estandar C1 (B) del
Programa de Seguimiento del Ecosistema de la CCRVMA. Usando
estimaciones de variacién en el peso de los cachorros obtenidas en la
Isla Seal (60°59,5'S, 55°24.5'W), las simulaciones sugieren que
siguiendo el protocolo del Método Estandar (50 cachorros de cada
sexo, pesados en cuatro fechas a intervalos de 28 dias) resultaria en
la habilidad de detectar un 17% en el indice de crecimiento, con una
posibilidad de 10% de que se cometan errores del Tipo 1 o Tipo 2. Si
sbélo se obtienen tres muestras (50 cachorros, intervalos de
28 dias), el cambio detectable aumenta aproximadamente 34% bajo
las mismas condiciones. Leves aumentos en veracidad se pueden
obtener en ciertos casos, sin aumentar el namero total de cachorros
pesados en una temporada, disminuyendo el tiempo entre cada pesaje.



1. INTRODUCTION

The CCAMLR Ecosystem Monitoring Program (CEMP) Standard Method C1 describes
two techniques for estimating growth rates of Antarctic fur seal (Arctocephalus gazella)
pups. Method (A) requires weighing each member of a sample of individually marked pups
several times between birth and weaning. Method (B) requires weighing samples of 50 male
and 50 female pups at monthly intervals beginning about 30 days after mean pupping date
and concluding prior to weaning, when pups are about 110 days old. The analysis presented
here pertains to the statistical power to detect changes in pup growth rate using Method (B),
deferring a similar treatment of Method (A).

Boveng and Bengtson (1989) suggested that the effective sample size for estimating
power to detect changes in growth rates depends not only on the total humber of pups
weighed, but on the number of weighing dates and the time intervals between them. Method B
does not specify clearly the number of dates on which pups should be weighed. If the first
sample is weighed 30 days after mean pupping date, three additional samples at monthly (say
28-day) intervals would conclude on the 114th day after mean pupping. Thus, it seems that
no more than four samples of pups will be weighed following this method and that possibly
three or fewer samples might be obtained.

A monitoring program in which pups are weighed on only three dates may not attain
acceptable statistical power to detect changes in pup growth rate. Furthermore, the ability
to detect non-linearity in the growth curve is minimized when only three samples are
available. This paper presents an investigation into the power of the standard method to
detect changes in pup growth rates, the loss of power associated with obtaining only three
weight samples, and possible means of increasing the power of the standard method.

2. METHODS

Antarctic fur seal (Arctocephalus gazella) pups were weighed on four dates in 1988
and three dates in 1989, at Seal Island, Elephant Island (60°59.5'S, 55°24.5'W). Linear
regressions (Sokal and Rohlf, 1981, pp. 480-482) of pup weight versus date, were
computed separately for each sex and year. Bartlett's test was used to evaluate heterogeneity
of variances. For each sex, pooled (i.e. weighted average) estimates of the slope and of the
mean squared error (MSE) from both years were formed for use in a power analysis.

Monte Carlo simulations were used to investigate the effects of number and spacing of
sampling dates, and number of pups weighed per date, on the power to detect changes of 5 to
50% of the observed mean pup growth rates. The simulations proceeded as follows:

(i) A simulated data set, with a specified number and spacing of sampling dates and
number of pups weighed per date, was drawn at random from normal
distributions with means determined by our observed growth rate and variances
equal to our observed MSE (the “null” data);

(ii) A second data set was drawn under similar conditions to the first, except that
the underlying growth rate differed by a specified amount from the first (the
“alternative” data);

(iii) Linear regressions were computed for each of the data sets (“null” and
“alternative”), and the regression coefficients compared (Sokal and Rohif
1981, pp. 499-506);

(iv) Steps (i) to (iii) were repeated 500 times with the same input parameters,
recording the number of times that the growth rates in the two data sets were
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significantly different. The number of significantly different results divided by
500 is an estimate of the power to detect a change in the growth rate from the
null value to the alternative value.

(v) Steps (i) to (iv) were repeated for several alternative growth rates, ranging
from 1.0 to 1.5 times the null rate.

Simulations were conducted to estimate the effects of using three versus four
weighing dates at 28-day intervals, of sampling smaller numbers of pups at more frequent
intervals, and of the choice of o for comparisons of regression coefficients.

3.  RESULTS AND DISCUSSION

The weighing dates, numbers of pups weighed, mean weights, and standard deviations
of weights from Seal Island are shown for each sex and year in Table 1. There were no
significant differences in variances of pup weights among dates, for either sex in either year
(P > 0.13 in all cases). Table 2 shows estimates of growth rates from linear regressions of
Seal Island pup weights versus date. Male pups grew faster and had more variable weights
than females (Table 2). Tests for departures from linearity were all non-significant
(P > 0.25 in all cases). Because the weighing periods at Seal Island were shorter than
specified in the standard method, this result is not a confirmation of the pup growth curve
being generally linear.

Figure 1 shows the statistical power achieved in a simulated monitoring program
following Standard Method C1 (B), and assuming that the typical growth rate and within-
date variance in pup weights are equal to the weighted averages of those observed in females
at Seal Island (Table 2). If four samples of 50 pups each are weighed at 28-day intervals,
there would be a 90% chance of detecting a 17% change in the true growth rate (using o
equal to 0.10 for comparing rates). Figure 1 also shows the reduction in statistical power
that would occur if samples of 50 female pups were weighed each year on three rather than
four dates, again at 28-day intervals. The lower power obtained in a program sampling on
only three dates is a result of the smaller total number of pups weighed (150 versus 200),
as well as the shorter duration of the weighing period.

Figure 2 shows that if the duration of the weighing period is limited (e.g. by logistic
or other constraints), weighing smaller samples of pups more often can result in higher
statistical power, even though the total number of pups weighed is not increased. No such
increase in power, however, was observed in simulations of a monitoring program in which
pups are weighed at intervals shorter than 28 days for the entire available weighing period.
For example, if samples of 28 pups are weighed on seven dates at 14-day intervals, so that
total sample size and duration of the weighing period are nearly identical to those in the
standard method, there is no increase in the power to detect changes. Therefore, the power of
a monitoring program that utilizes the entire available weighing period can be increased
only by increasing the total number of pups weighed or by accepting a lower value of a for
comparing growth rates.

Figure 3 shows the effect of the choice of o, the acceptable risk of a Type 1 error, on
the power to detect a change in growth rate. As expected, the simulations show that a
monitoring program using a relatively high a-level for comparing regression coefficients
(growth rates) will be more sensitive (i.e. will have higher power to detect a significant
departure from the typical growth rate) than a program using a lower a-level. Boveng and
Bengtson (1989) suggested that a and B (the risk of a Type 2 error) probabilities should be
equal in some resource conservation contexts. The magnitude of change detectable with o and
B probabilites equal, are shown for all simulations in Figures 1 to 3.
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If the relationships between the growth rates for males and females and between the
variance in weights of males and females observed at Seal Island are typical, the power to
detect a proportional change in growth rate will be similar for both sexes. This is because
the ratio of the standard deviation of weights to the growth rate is similar for both sexes.
Though simulations were conducted using data from both sexes, only the results from female
pup weights have been presented here.

The simulations were used to verify that the power curves are symmetric for

positive and negative deviations from the typical growth rate. Therefore, the statistical
power shown in Figures 1 to 3 pertains to increases or decreases in the growth rate.
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Table 1:  Dates, sample sizes, means, and standard deviations of male and female fur seal
pup weights measured at Seal Island in 1988 and 1989.

------- Males  ------- -------  Females -------
mean mean

Date - n weight (kg) s.d. n weight (kg) s.d.

1988:

2 Jan 30 9.91 1.60 20 8.78 1.13
15 Jan 40 11.28 1.64 26 9.50 1.49
27 Jan 41 12.91 1.64 20 10.76 1.15
12 Feb 36 15.91 2.22 35 12.38 1.66

1989:

17 Jan 21 10.65 1.94 29 9.19 1.81
31 Jan 26 12.81 1.88 24 10.62 1.70
13 Feb 30 14.42 1.77 35 12.61 1.42

Table 2:  Results of linear regressions of pup weight versus data. Growth rates, standrd
errors and estimated “within-date” variance in pup weights (MSE) are shown
separately for each year and as weighted averages of both years.

Growth Rate Standard Error

(kg/d) of Growth Rate MSE
Males, 1988: 0.147 0.0147 3.21
Males, 1989: 0.139 0.0089 3.45
Males, wt. ave.: 0.145 - - 3.29
Females, 1988: 0.092 0.0077 2.04
Females, 1989: 0.127 0.0130 2.67
Females, wt. ave.: 0.108 - - 2.34
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Figure 1:

4 weighing dates
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Difference in power to detect changes in fur seal pup growth rate using Standard
Method C1 (B) when three or four samples of pups are weighed. The typical
growth rate, or “null” rate, used in the simulation was 0.108 kg/d, the average
rate observed for females at Seal Island in 1988 and 1889. The
mean-squared-error for pup weights was 2.336, the average for females at Seal
Island.
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If the weighing period is limited to approximately 60 days, a slight increase in
power can be obtained by weighing smaller samples of pups at more frequent
intervals than specified in the Standard Method. As in Figure 1, null growth rate
equals 0.108 kg/d, mean-squared-error equals 2.336.
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The effect of the choice of o for comparing regression coefficients (growth
rates), on the power to detect changes. As in Figure 1, null growth rate equals
0.108 kg/d, mean-squared-error equals 2.336.
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Tableau 1:

Tableau 2:

Figure 1:

Figure 2:

Figure 3:

Ta6Juuia 1:

Tabauna 2:

PucyHok 1:
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Liste des tableaux

Dates, tailles des échantillons, moyennes et écarts-type du poids des jeunes
otaries de Kerguelen males et femelles mesurés a l'lle Seal en 1988 et
1989.

Résultats des rebroussements linéaires du poids des jeunes par rapport a la
date. Les taux de croissance, les erreurs standard et la variance "a la date"
du poids des jeunes (MSE) figurent séparément pour chaque année et comme
moyennes pondérées des deux années.

Liste des figures

Différence de puissance a déceler des changements du taux de croissance des
jeunes otaries, en utilisant la méthode standard C1.0 (B) lorsque 3 ou
4 échantillons de jeunes sont pesés. Le taux de croissance typique, ou taux
"nul", utilisé dans la simulation est de 0,108 kg/jour, ce qui correspond au
taux moyen observé pour les femelles a I'lle Seal en 1988 et 1989.
L'erreur quadratique moyenne du poids des jeunes est de 2,336, ce qui
correspond a la moyenne pour les femelles de I'lle Seal.

Si la période de pesée est limitée a environ 60 jours, une légeére
augmentation de puissance peut étre obtenue en pesant des échantillons plus
petits de jeunes & des intervalles plus courts que ceux spécifiés dans la
méthode standard. De méme que dans la Figure 1, le taux de croissance nul
est égal a 0,108 kg/jour, et l'erreur quadratique moyenne est égale a
2,336.

L'effet du choix de o pour comparer les coefficients de régression (taux de
croissance), a la puissance a détecter les changements. De méme que dans la
Figure 1, un taux de croissance nul est égal a 0.108 kg/jour, et l'erreur
quadratique moyenne est égale a 2,336.

CnUucoK TabJiull

[daTsl, pa3Mepsl Npo6, cpegHUe 3HaUEHHU U CTaHJapTHbIE OTKJIOHEHUS
BeCa I€HKOB MOPCKOI'0O KOTHKa OB60UX MOJIOB - OCTpoB CuJ, 1988 u
1989 rr.

JIuHeliHasl perpeccusi TeMna pocTa HMEeHKOB U AaThl. TeMnbl pocTa,
CTaHZapTHasl MOrpellHOCTb U NpPEeANOJIOXHUTEJNbHOE OTKJIOHEHUE "B
npeAesaax mnepuoaa” Beca meHKoB (MSE) nokasaHsl OTAeNbHO 3a
KaXX /bl 'OA U KaK cpeZlHsisl B3BElIeHHasi ReJIMUHHA 3a /B I'oJa.

CnHCcoOK pUCYHKOB

Pazauuust B 3dpdekTupHocTu CTaHzAaptHOoro Mertoza C1.0 (B) mpu
BBISIBJIEHUU U3MEHEHMH TeMIla pOCTa IEeHKOB MOPCKOIo KOTUKa MPU
B3BEMHUBAHUU 3 UJU 4 BHIGOPOK MEHKOB. TUNMUUHBIN TEMII pocTa, UJIU

"HyJIeBOI1" TEMIl, UCHOJIb3OBAHHBIN NPU MOJEJUPOBAHUH COCTAaBJISAI




PurcyHOK 2:

PucyHOK 3:

Tabla 1:

Tabla 2:

Figura 1:

Figura 2:

Figura 3:

0,108 kr/aeHb U paBHJICSI cCpeJHEMY TEMIy POCTa CAMOK Ha OCTPOBE
Cus B 1988 u 1989 rr. CpesHee KBaJpaTHUECKOE OTKJOHEHUE Beca
I[EHKOB paBHsJIOCh 2,336 - cpeAHee 3HaUeHUe J1 CaMOK Ha OCTpPOBE
Cua.

Ecau nepuoj B3BEMUBAHUSI He NMpeBbIMaeT NPpUOJIM3UTENbHO 60 ZHEH,
HEKOTOpOeE TNOoRblleHHE 3P HEeKTHUBHOCTH MOXET 6bITh JOCTUTHYTO 3a
CUeT B3BEUIMBaHHsI MeHee MHOIOUHCJIEHHBIX BBIGOpPOK uepes 6BoJiee
KOPOTKHE HHTEPBAJIbI, UEM DEKOMEHAYEMbIE CTAHAAPTHBIM METOOM.
Takxe, Kak U Ha PucyHke 1, HyJieroil TeMn pocTa paBHsietcs: 0,108
Kr/ AeHb, cpeJHee KRaJApaTUUecKoe OTKJOHEeHUE paBHsIeTcs 2,336,

Bumsinve Bhi6opa BeJMUMH o AJs CpaBHEHUs Ko3hPUIHEeHTOB
perpeccud  (TeMnoB pocTa) Ha  3PPEKTUBHOCTb  BbISIBJIECHUS
usMeHeHuHr., TakXe, Kak U Ha PHcyHKe 1, HyYJIEeBOIl TEMII pocTa
paBHsieTcst 0,108 Kr/zeHb, cpeAHee KBaJApaTHUUECKOE OTKJAOHEHUE
paRHsieTcs 2,336,

Lista de las tablas

Fechas, tamafios de las muestras, medias y desviaciones cuadraticas medias
de los pesos de los cachorros macho y hembra de lobo fino antartico obtenidos
en la Isla Seal en 1988 y 1989.

Resultados de las regresiones lineales del peso del cachorro versus datos.
Indices de crecimiento, errores estandar y variaciéon estimada “dentro de la
fecha” en los pesos de los cachorros (MSE) se muestran separadamente para
cada afio y como pesos promedios para ambos afios.

Lista de las figuras

Diferencia en habilidad para detectar cambios en el indice de crecimiento de
los cachorros de lobo fino antartico usando el Método Estandar C1 (B) cuando
se pesan 3 6 4 muestras de cachorros. El indice tipico de crecimiento, o
indice de nulidad, usado en la simulacién fue 0.108 kg/d, el indice promedio
observado para las hembras en la Isla Seal en 1988 y 1989. EI error
cuadrado medio para los pesos de los cachorros fue 2.336, el promedio para
las hembras en la Isla Seal.

Si el periodo para pesar se limita a aproximadamente 60 dias, un leve
aumento en veracidad se puede obtener pesando muestras mas pequefias a
intervalos mas frecuentes que lo especificado en el Método Estandar. Segun la
Figura 1, el indice de nulidad de crecimiento es igual a 0.108 kg/d, el error
cuadrado medio es igual a 2.336.

El efecto de la eleccién de o para comparar los coeficientes de regresién
(indices de crecimiento), en la habilidad para detectar los cambios. Al igual
que Figura 1, el indice de nulidad de crecimiento es igual a 0.108 kg/d, el
error cuadrado medio es igual a 2.336.
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