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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 0 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. 

Resume 

Des simulations numeriques ont ete utilisees pour examiner 
I'efficacite des methodes de detection des changements (entre annees) 
dans les taux de croissances des jeunes, la perte d'efficacite liee au 
fait que les echantillons de poids n'ont ete obtenus que trois fois par 
saison, et les moyens potentiels d'augmenter I'efficacite des Methodes 
standard du Programme de controle de I'ecosysteme de la CCAMLR 
C1 (B). En se basant sur les estimations de variance de poids des 
jeunes, obtenues a 1'lIe Seal (60 0 59,5'S, 55°24,5'W), les 
simulations suggerent qu'en suivant le protocole de la Methode 
standard (50 jeunes de chaque sexe, peses a quatre dates espacees de 
28 jours) , I'on pourrait deceler un changement de 17% dans le tau x 
de croissance, avec 10% de chances de commettre des erreurs de type 
1 ou 2. Si I'on n'obtient que trois echantillons (50 jeunes, a 
intervalle de 28 jours), les changements decelables augmentent 
d'environ 34%, dans les memes conditions. Dans certains cas, 
I'efficacite peut et re legerement augmentee sans augmentation du 
nombre total de jeunes peses en une saison, en diminuant le temps 
passe entre les pesees. 

Pe3IOMe 

ITPH Hcc~eaOBaHHH a**eKTHBHoCTH MeTOaOB B Bhl~B~eHHH 
(Me:>KrOaOBbIX) H3MeHeHHl1 TeMna pOCTa ~eHKOB, 
paCCMOTpeHHH CHH:>KeHHH a**eKTHBHOCTH Bc~eaCTBHe 
no~yqeHH~ aaHHbIX no Becy TO~bKO 3a TpH aH~ B TeqeHHe 

ce30Ha H nOTeHI.J;HaJIbHbIX nYTetl nOBbImeHH~ a**eKTHBHOCTH 

CTaHaapTHoro MeTOaa C1 (B), ~B~~IO~eroc~ qaCTblO 

ITporpaMMbI AHTKOMa no MOHHTopHHry aKOCHCTeMbI, 6bI~O 
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HCnOJIb30BaHO MaTeMaTHl .. leCKOe MO~eJIHpOBaHHe.. B 
pe3YJIbTaTe npHMeHeHH5I npH MO~eJIHpOBaHHH nOJIY4eHHbIX 
Ha OCTpOBe CHJI (60 0 59,5'IO .. m., 55°24,5'3.~.) o~eHo4HbIX 
BeJIH4HH H3MeH4HBOCTH Beca II\eHKOB, 6bIJIO C~eJIaHO 
3aKJII04eHHe 0 TOM, 4TO npH CJIe~OBaHHH npo~e~YPbI 

CTaH~apTHoro MeTo~a (50 II\eHKOB Ka)K~OrO nOJIa 
B3BemHBaIOTC5I 4eTbIpe pa3a C HHTepBaJIOM B 28 ~HeH) MO)KHO 
BbI5IBHTb 17% -Hoe H3MeHeHHe TeMna pOCTa, npH 3TOM 
cYII\eCTByeT 10% -Ha5I Bep05ITHOCTb ~onYII\eHH5I norpemHocTH 
THna 1 HJIH 2. llPH nOJIY4eHHH JIHmb 3 npo6 (50 II\eHKOB B 
Ka)K~OH C HHTepBaJIOM B 28 ~HeH) npH TaKHX )Ke YCJIOBH5IX 
MO)KHO BbI5IBHTb 60JIee 3Ha4HTeJIbHOe, 34% -Hoe H3MeHeHHe. B 
HeKOTopbIX CJIY4a5IX 3<p<peKTHBHOCTb MO)KeT 6bITb nOBbImeHa B 
HeKOTopOH CTeneHH npH OTCYTCTBHH YBeJIH4eHH5I KOJIH4eCTBa 
II\eHKOB, B3BemeHHbIX B Te4eHHe O~Horo ce30Ha 3a C4eT 
COKpaII\eHH5I HHTepBaJIa Me)K~y B3BemHBaHH5IMH. 

Resumen 

Simulaciones numericas se utilizaron para investigar la capacidad de 
los metodos para detectar los cambios (entre anos) en el indice de 
crecimiento de los cachorros, la incapacidad asociada con la obtenci6n 
de muestras de peso en s610 tres fechas en una temporada, y maneras 
potenciales de aumentar la capacidad del Metodo Estandar C1 (8) del 
Programa de Seguimiento del Ecosistema de la CCRVMA. Usando 
estimaciones de variaci6n en el peso de los cachorros obtenidas en la 
Isla Seal (60 0 59,5'S, 55°24.5'W), las simulaciones sugieren que 
siguiendo el protocolo del Metodo 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 0 Tipo 2. Si 
s610 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 numero total de cachorros 
pesados en una temporada, disminuyendo el tiempo entre cad a pesaje. 



1. INTRODUCT~N 

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 number 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 (600S9.S'S, Ss024.S'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 (Le. 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 Rohlf 
1 981, pp. 499-506); 

(i v) 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 a 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 a 
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 a, 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 (Le. 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 ~ (the risk of a Type 2 error) probabilities should be 
equal in some resource conservation contexts. The magnitude of change detectable with a and 
~ 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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Difference in power to detect changes in fur seal pup growth rate using Standard 
Method C1 (8) 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 1989. The 
mean-squared-error for pup weights was 2.336, the average for females at Seal 
Island. 
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Figure 2: 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. 

406 



a: 
w 
~ 
o 

1.0 

0.8 

a. 0.6 

....J 
e:( 
o 
~ 0.4 -I-
e:( 
I-
en 0.2 

0.0 V 
cx={3=.2 

t 

5 10 

PERCENT 

L 0 
cx={3=.l cx={3=.05 

t t 

ALL CURVES: 
4 weighing dates 
28-day intervals 
50 pups/day 

15 20 25 30 35 40 45 50 

CHANGE IN GROWTH RATE 

Figure 3: The effect of the choice of a for comparing regression coefficients (growth 
.rates), on the power to detect changes. As in Figure 1, null growth rate equals 
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Tableau 1: 

Tableau 2: 

Figure 1: 

Figure 2: 

Figure 3: 

Ta6JIH~a 1: 

Ta6JIH~a 2: 

PHCYHOK 1: 
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Liste des tableaux 

Dates, tailles des echantillons, moyennes et ecarts-type du poids des jeunes 
otaries de Kerguelen males et femelles mesures a l'l'le Seal en 1988 et 
1989. 

Resultats des rebroussements lineaires 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 separement pour chaque an nee et comme 
moyennes ponderees des deux annees. 

Liste des figures 

Difference de puissance a deceler des changements du taux de croissance des 
jeunes otaries, en utilisant la methode standard C1.0 (8) lorsque 3 ou 
4 echantillons de jeunes sont peses. Le taux de croissance typique, ou taux 
"nul", utilise dans la simulation est de 0,108 kg/jour, ce qui correspond au 
taux moyen observe pour les femelles a l'l'le 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 1'lIe Seal. 

Si la periode de pesee est limitee a environ 60 jours, une legere 
augmentation de puissance peut etre obtenue en pesant des echantillons plus 
petits de jeunes a des intervalles plus courts que ceux specifies dans la 
methode standard. De meme que dans la Figure 1, le taux de croissance nul 
est egal a 0,108 kg/jour, et I'erreur quadratique moyenne est egale a 
2,336. 

L'effet du choix de ex pour comparer les coefficients de ~egression (taux de 
croissance), a la puissance a detecter les changements. De meme que dans la 
Figure 1, un taux de croissance nul est egal a 0.108 kg/jour, et I'erreur 
quadratique moyenne est egale a 2,336. 

CnHCOK Ta6JIH~ 

llaTbI, pa3MepbI npo6, Cpe,llHHe 3HaqeHH5.I H cTaH,llapTHbIe OTKJIOHeHH5.I 

Beca II\eHKOB MopcKoro KOTHKa 060HX nOJIOB - OCTPOB CHJI, 1988 H 

1989 rr. 

JIHHetlHa5.I perpeCCH5.I TeMna pocTa II\eHKOB H ,llaTbI. TeMnbI pocTa, 

cTaH,llapTHa5.I norpemHocTb H npe,llnOJIO:>KHTeJIbHOe OTKJIOHeHHe "B 

npe,lleJIax nepHO,lla" Beca II\eHKOB (MSE) nOKa3aHbI OT,lleJIbHO 3a 

Ka:>K,llbIH ro,ll H KaK cpe,llH5.I5.I B3BemeHHa5.I BeJIHqHHa 3a ,llBa rO,lla. 

CnHCOK PHCYHKOB 

Pa3JIHQH5.I B acpcpeKTHBHoCTH CTaH,llapTHOro MeTO,lla C 1.0 (8) npH 

BbI5.IBJIeHHH H3MeHeHHH TeMna pocTa II\eHKOB MopcKoro KOTHKa npH 

B3BemHBaHHH 3 HJIH 4 BbI6opOK II\eHKOB. THnHQHbIH TeMn pocTa, HJIH 

"HYJIeBOH" TeMn, HCnOJIb30BaHHbIH npH MO,lleJIHpOBaHHH COCTaBJI5.IJI 



PHCYHOK 2: 

PHCYHOK 3: 

Tabla 1: 

Tabla 2: 

Figura 1: 

Figura 2: 

Figura 3: 

0,108 Kr/ ~eHb H paBH5IJIC5I cpe~HeMY TeMny pOCTa caMOK Ha OCTpOBe 

CHJI B 1988 H 1989 rr. Cpe~Hee KBa~paTHllecKoe OTKJIOHeHHe Beca 

lI(eHKOB paBH5IJIOCb 2,336 - cpe~Hee 3HaqeHHe ~JI5I caMOK Ha OCTpOBe 

CHJI. 

ECJIH nepHo~ B3BemHBaHH5I He npeBbImaeT npH6JIH3HTeJIbHO 60 ~HeH, 
HeKoTopoe nOBbImeHHe 3cpcpeKTHBHoCTH MO:>KeT 6bITb ~ocTHrHYTo 3a 

CqeT B3BemHBaHH5I MeHee MHOrOqHCJIeHHbIX BbI6opOK qepe3 60JIee 

KopoTKHe HHTepBaJIbI, qeM peKoMeH~yeMbIe cTaH~apTHbIM MeTO~OM. 

TaK:>Ke, KaK H Ha PHCYHKe 1, HYJIeBOH TeMn pOCTa paBH5IeTC5I 0,108 
Kr/ ~eHb, cpe~Hee KBa~paTHqeCKOe OTKJIOHeHHe paBH5IeTC5I 2,336. 

BJIH5IHHe BbI60pa BeJIHqHH a ~JI5I cpaBHeHH5I K03cpCPH~HeHToB 
perpeccHH (TeMnoB pOCTa) Ha acpcpeKTHBHOCTb BbI5IBJIeHH5I 

H3MeHeHHH. TaK:>Ke, KaK H Ha PHCYHKe 1, HYJIeBOH TeMn pOCTa 

paBH5IeTC5I 0,108 Kr/ ~eHb, cpe~Hee KBa~paTHqeCKOe OTKJIOHeHHe 

paBH5IeTC5I 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 variaci6n 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 Metodo Estandar C1 (8) cuando 
se pesan 3 6 4 muestras de cachorros. El indice tfpico de crecimiento, 0 
indice de nulidad, usado en la simulaci6n fue 0.108 kg/d, el indice promedio 
observado para las hembras en la Isla Seal en 1988 y 1989. El 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 dfas, un leve 
aumento en veracidad se puede obtener pesando muestras mas pequenas a 
intervalos mas frecuentes que 10 especificado en el Metodo Estandar. Segun la 
Figura 1, el fndice de nulidad de crecimiento es igual a 0.108 kg/d, el error 
cuadrado medio es igual a 2.336. 

El efecto de la elecci6n de a para comparar los coeficientes de regresi6n 
(indices de crecimiento), en la habilidad para detectar los cambios. AI igual 
que Figura 1, el in dice de nulidad de crecimiento es igual a 0.108 kg/d, el 
error cuadrado medio es igual a 2.336. 

409 


