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MONITORING PARAMETERS OF PREDATORY SPECIES

"~ P. Boveng and J.L. Bengtson
Abstract

The CCAMLR guidelines (CCAMLR, 1989) for analyzing the statistical
power to detect changes are applied using variance estimates from
studies at the South Shetland Islands of lengths of first incubation
shifts by penguins (Standard Method A2.1), duration of penguin
foraging trips (A5.1), penguin breeding success (A6.1), penguin
chick diet (A8.1), and fur seal foraging trip duration (C2.0). The
other Standard Methods are not evaluated because the power analysis
in the CCAMLR guidelines is inappropriate (fur seal pup growth rate
C1.0), and/or because data from the studies considered here are
insufficient for conducting power analyses (penguin arrival weight
A1.1, trend in penguin population size A3.1, penguin demography
A4.1, penguin fledging weight A7.1). Alternative forms for analyses
of the power of Standard Methods A3.1, A5.1, C1.0, and C2.0 are
proposed.

Résumé

Les lignes directrices de la CCAMLR (CCAMLR,1989) concernant
I'analyse de la puissance statistique de détection des changements sont
mises en application en utilisant des estimations de variance
provenant d'études faites aux fles Shetland du Sud. Celles-ci-portent
sur la durée du premier tour d'incubation des manchots (Méthode
standard A2.1), la durée des sorties alimentaires des manchots
(A5.1), la réussite de la reproduction des manchots (A6.1), le
régime alimentaire des jeunes manchots (A8.1) et la durée des
sorties alimentaires des otaries (C2.0). Les autres Méthodes
standard ne sont pas évaluées, I'analyse de la puissance dans les lignes
directrices de la CCAMLR étant impropre (taux de croissance de
jeunes otaries C1.0), et/ou les données provenant des études prises
en considération dans ce document étant insuffisantes pour effectuer
des analyses de la puissance (poids du manchot a l'arrivée A1.1,
tendances dans la taille de la population de manchots A3.1,
démographie des manchots A4.1, poids des jeunes & la premiére mue
A7.1). D'autres formes d'analyses de la puissance des Méthodes
standard A3.1, A5.1, C1.0 et C2.0 sont proposées.

Pez3oMe

PykoBoACTBRA AHTKOMa (CCAMLR, 1989) mno aHaJausy
CTaTUCTUUECKO! MOIHOCTH IpU BbISIBJIEHUHU U3MEHEHUH
IPUMEHSITCS € MCHOJIb30OBAHUEM OLEHOK MNPOAOCJIKUTENb-
HOCTU NepROU MHKY6a1HOHHOU CMEHBI IMUHIBUHOB
(CranzaapTHblil MeToa A2.1), MPOAO/KUTEJNbHOCTU I1€PUOJOB
KOPMJIEHUS] TNMUHIBUHOB B Mope (CtaHaapTHbili Metoa A5.1)
PENPOAYKTUBHOIO ycnexa MUHIBUHOB (CTaHzapTHBIHI
Metoz A6.1), panuoHa nTeHUOB NUHIBUHa (CTaHAAPTHBIN
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MeToZ A8.1) U MNPOAOJXKHUTEJNbHOCTU NEPUOJOB KOPMJEHHS
Mopckoro koTuka (CraHzapTHbii MeToZ C2.0), mosayueHHble B
xoAe MccJaeAoBaHUN Ha IOXHbIx IIeTJaHACKHUX OCTpPOBaX.
OcrasbHble CTaHAAPTHBIE METO/Jbl HE OL€HHUBRAIOTCS B CBSI3U C
TeM, UYTO MNPpUBEJAECHHBIIl B pykKoroJAcTBax AHTKOMa aHaaus
MOIMHOCTH HeNMPUMEHUM (TEMINT pOCTa IEHKOB MOPCKOI'O KOTUKA
C1.0), u/uan B CBS3M C TeM, UTO JaHHBIX, NOJYUYEHHBIX B
pe3yJibTaTe paccMaTpUBaeMbIX HccJ/eoBaHUI, HEeJOCTATOUYHO
AJs1 BBIIOJIHEHUS aHaJiM3a MOMHOCTH (Bec MMUHIBUHOB MO
npub6bITUM B KoJIOHHKW Al.1, TeHAeHUUU H3MeHeHUs1 pasMepa
nonyJasiiud NUHrBUHOB A3.1, zeMorpadusi nuHrBuHoB A4.1,
BeC TMNUHrBUHOBR TIMpu onepeHuu A7.1). IpeanarawTcs
aJIbT€pHATHBHbIE (POPMBI aHAJU3a MOMHOCTU CTATHUCTUUECKUX
MeTtonoB A3.1, A5.1, C1.0 u C2.0.

Resumen

Las directivas de la CCRVMA (CCAMLR, 1989) para analizar la
capacidad estadistica para detectar cambios, se aplican utilizando
estimaciones de variacién procedente de los estudios realizados en las
Islas Shetland del Sur sobre las duraciones de los primeros turnos de
incubacién de pingliinos (Método Estandar A2.1), duracién de los
viajes de alimentacién de los pinglinos (A5.1), éxito en la
reproduccién de pingliinos (A6.1), dieta de los polluelos de pingiliinos
(A8.1), y duracién de los viajes de alimentacién de los lobos finos
(C2.0). Los otros Métodos Estdndar no estan evaluados porque la
capacidad de andlisis de las directivas de la CCRVMA no es apropiada
(indice de crecimiento de los cachorros de lobo fino C1.0), y/o
porque datos de los estudios considerados aqui son insuficientes para
conducir analisis de capacidad (peso de llegada de los pingiiinos A1.1,
tendencias en el tamafio de la poblacién de pingilinos A3.1, demografia
de pinglinos A4.1, peso de pingiinos al emplumaje A7.1). Se
proponen maneras alternativas para los andlisis de la capacidad de los
Métodos Estandar A3.1, A5.1,C1.0 y C2.0.




1. INTRODUCTION

Members of the Working Group for the CCAMLR Ecosystem Monitoring Program
(CEMP) have been asked to conduct “sensitivity analyses” of existing data on predator
parameters. Those analyses, perhaps more properly called “power analyses”, should
provide information about the power of the standard methods to detect changes in parameters
monitored for predators.

Guidelines for conducting one type of power analysis were compiled by the CCAMLR
Secretariat (CCAMLR, 1989). That paper described the method for estimating the sample
size required to detect a specified difference (8) between or among years, subject to
acceptable probabilities of rejecting a true null hypothesis (o) or accepting a false null
hypothesis (B8). The required input for the analysis is an estimate of the standard deviation
(s) if 8is in the same units as the mean, or the coefficient of variation (cv) if 8 is expressed
as a percentage of the typical mean value.

The analysis described in CCAMLR (1989) provides information about the power to
distinguish between the mean values of parameters obtained in two or more years. We may
also wish to know what sample size is required in an annual monitoring effort to detect a
linear or log-linear trend in a parameter. Methods for such analysis were presented by
Gerrodette (1987). When the parameter values are proportions, the sample sizes required
to detect a specified slope can be obtained as described by Nam (1987). The quantities
required in a power analysis for detecting trends are essentially the same as those required
for the previous analysis, though the formulae are slightly different. The quantity § must be
expressed as the minimum detectable slope of a regression.

For some parameters the monitoring design is such that neither analysis mentioned
above is strictly appropriate. Because of the complexity of some of the designs, there may be
no general formula for evaluating power or determining a required sample size. For those
parameters we advocate using numerical simulations to assess the ability to detect changes.

In the remainder of this paper, we first suggest several changes to the guidelines
suggested in CCAMLR (1989). Then we consider each of the standard methods for monitoring
parameters of predatory species. For each method we discuss appropriate techniques for
evaluating the power to detect changes or for determining required sample sizes. For some of
the parameters, we apply those techniques to existing estimates of the uncertainty in the
parameter. We consider unpublished data from the US AMLR monitoring program at Seal
Island, Elephant Island (60°59.5'S, 55°24.5'W), and from the study by Trivelpiece et al.
(1989) at Admiralty Bay, King George Island (62°10'S, 58°30'W).

2. COMMENTS ON CCAMLR (1989)

First, we note that there was a typographical error in equation (1) of CCAMLR
(1989) by the omission of an exponent on the sum of the t-values. The corrected form of
the equation is reproduced here as

n 2 2(s/8)2{ty i+ top1-py, it (1)

where n the required sample size,

s = the standard deviation computed from the raw or transformed data,

) = the smallest true difference that it is desired to detect,

v = degrees of freedom for error in the ANOVA or t-test [v=r(n-1) where
r is the number of years or replicates],

P = desired probability that a difference will be found if it is as large as &

(P is the statistical power),
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tov] = value from a two-tailed t-table with v degrees of freedom and
corresponding to probability o, and

to(1.p) vy = Vvalue from a two-tailed t-table with v degrees of freedom and
corresponding to probability 2(1-P).

We also suggest that an additional column be added to the table described in
paragraph 19 of CCAMLR (1989). The additional column should contain the sample sizes
required when o =B = .05. For many of the parameters, these conditions will not be
attainable due to logistic impracticalities, so o and B may need to be reduced. However,
unlike situations typically presented in statistical textbooks, we suggest that in a
conservation context, type 2 errors (B errors) may be at least as important as type 1
errors (o errors). For example, failure to detect a decrease in penguin reproductive
success that actually occurred (type 2 error) may be equally or perhaps more serious than
detecting an apparent, but false, decrease (type 1 error).

The probabilities of committing the two types of errors have a direct bearing on the
circumstances under which decisions are taken to impose conservation measures. If one
were required to choose between the types of error that one would be willing to accept, a
conservative approach might suggest that it would be preferable to take protective action
when there was an apparent but false need rather than failing to take protective action when
there was a true but undetected need for conservation measures.

Finally, the suggestion that members compute estimates of required sample sizes for
both two and five years of monitoring seems unnecessary. The question addressed by equation
(1) simply uses the estimated variance of a parameter to determine how small a change (3)
could be detected between or among years with a given sample size. The number of years
monitored will have little effect on the size of the change that is detectable. Therefore, the
required sample sizes will differ by very little, if at all, for estimates based on two years or
five years of monitoring (though for detecting a trend, the number of years will be very
important). This can be seen in the table presented in paragraph 19 of CCAMLR (1989). In
the following analyses, we present only estimates of sample sizes required assuming two
years of monitoring.

3. METHODS FOR PENGUINS
3.1 Weight on Arrival at Breeding Colonies (A1.1)

As shown in CCAMLR (1989), the standard method for estimating the population mean
weight on arrival at the rookery is incomplete because it does not account for seasonal
variation in rates of arrival. No data were available, from the sources mentioned above, to
evaluate the variability in this parameter. Croxall et al. (1988) evaluated the power to
detect changes in this parameter for macaroni and gentoo penguins at Bird Island and for
Adélie and chinstrap penguins at Signy Island.

3.2  Length of First Incubation Shift (A2.1)

Trivelpiece et al. (1989) measured the durations of first incubation shifts of male
and female Adélie penguins for five years and of male and female chinstrap penguins for four
years at King George Island. Although a separate analysis could be conducted to determine the
statistical power which could be achieved by routine monitoring at the actual sampling
intensity attained in each year, a more useful approach would combine the standard
deviations from all five years (four years for chinstraps) into a single statistic that would
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be more representative of the variation in this parameter. Then the analysis suggested in
CCAMLR (1989) would be performed to investigate the trade-off between sample size and the
power to detect changes in the parameter.

One appropriate statistic for estimating the standard deviation of a parameter when
several years' data are available is the “mean-squared-error” (MSE) term from a one-way
analysis of variance with years representing treatments. The square root of the MSE term is
a “pooled” estimate of the quantity s of equation (1). Given the resulting value of s and
specified levels of acceptable type 1 and 2 errors (alpha and f respectively), the minimum
detectable difference 3 can be expressed as a function of sample size, or vice-versa.

The MSE within years for first incubation shifts by male Adélie penguins was 6.92
and for female Adélies was 13.07. Using the square-root of the MSE as an estimate of the
typical standard deviation in this parameter, we used equation (1) to compute the requisite
sample sizes for detecting changes of 10%, 20% and 30% of the mean value (males,
12.4 days; females, 10.0 days) for the 5 years studied (Table 1).

For chinstrap penguins, the MSE for length of first incubations by males was 9.0 and
for first incubations by females was 5.5. The mean length of first incubations by males was
5.8 days and by females was 3.9 days. The requisite sample sizes for detecting changes of
10%, 20% and 30% of the mean values are shown in Table 2.

No data on this parameter were available from the study at Seal Island.

3.3 Trends in Breeding Population Size (A3.1)

There were no suitable estimates of variance for the data on breeding population size
from the two studies considered here. This will likely be a problem for other studies as
well. Some techniques for abundance estimation result in particular and known relations
between the mean and variance of the estimate (Gerrodette, 1987). For studies utilizing
such techniques, a range of reasonable guesses about the variance in the estimates could be
applied to the formulae presented by Gerrodette (1987) to make a preliminary assessment
of the power to detect trends. As an initial upper bound to the range of variance, one might
simply use the variance between several recently obtained annual censuses. We have not
done such an analysis for the data considered here. Alternatively, replicate counts (at least
three replicates) of colonies in future seasons would allow estimating the variance.

3.4 Demography (A4.1)

The parameters to be monitored by method A4.1 are annual survivorship, age at first
reproduction, and cohort strength. The banding program in “Method A” will provide
estimates of the average survival of aduit breeding birds. “Method B” will provide
age-specific survival estimates as well as estimates of the age at first reproduction. Cohort
strength is not well defined in the method's description but presumably involves some
measure of the size of a cohort relative to that of adjacent cohorts.

Estimates for any of the three parameters will be available only after several years
of monitoring. Estimating the variability of the parameters may require an even longer
period, though some of the methods for estimating survival rates and age at first
reproduction in a mark-resight study are associated with theoretically derived analytic
estimates of variance.  Sufficient data for evaluating the variability in any of the three
demographic parameters were not available from either of the two studies considered here.
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3.5 Duration of Foraging Trips (A5.1)

The design for monitoring the duration of foraging trips is a nested, or hierarchical,
experiment. That is, for any particular year, several breeding birds are chosen (at
random) for monitoring and the lengths of foraging trips by each bird are measured. In
general, the sample of birds monitored one year is not the same as the sample monitored the
next year. Thus, each sample of birds is said to be “nested” within years when two or more
years are being compared. The analysis must take into account that some of the variation
between or among years is simply due to the fact that the birds used were not the same every
year.

In addition to the complication of a nested design, the standard method for monitoring
foraging trip duration may be complicated by an inverse relationship between trip duration
and number of trips. That is, if a bird with a propensity to make long trips tends to make
fewer of them than a bird which makes short trips, the usual statistical tests will not be
reliable. The usual methods for unbalanced (unequal sample size) nested ANOVA assume that
sample size and magnitudes of the items in the sample are independent.

The consequence of the problems mentioned above is that there is no simple or general
formula analogous to equation (1) to produce the required sample size for effective
monitoring of foraging trip duration. Existing estimates of the variance of trip duration for
an individual bird, the covariance of trip duration with number of trips, and the variance
between birds could be used in numerical simulations to assess the power of the method or to
choose reasonable sample sizes. Such an exercise is beyond the scope of this paper. Until
such time as those simulations are conducted, we advocate the following as a first
approximation to a power analysis of the standard method for foraging trip duration.

The problem of correlation between trip duration and numbers of trips can be avoided
by computing a mean trip duration separately for each bird and giving equal weight to the
mean for each bird when computing the annual mean. Then the sample size is simply the
number of birds, without regard to the number of trips made by individual birds. Likewise,
the variance is the variance between the means of individual birds, without regard for the
variance of the lengths of trips made by individual birds. Applying existing estimates of the
between-bird variance to the formula in equation (1), yields the approximate required
sample sizes, in terms of numbers of birds.

Trivelpiece et al. (1989) used visual monitoring of pairs of Adélie and chinstrap
penguins to estimate average foraging trip durations for each species at King George Island in
the 1981/82 and 1982/83 seasons. The mean trip duration for 37 pairs of Adélie penguins
in the two years was 24.3 hr. The mean duration of trips made by 47 pairs of chinstrap
penguins was 16.7 hr. The MSE for duration of trips was 20.5 for Adélies and 40.7 for
chinstraps. Sample sizes, estimated by the approximation method described in the previous
paragraph, for detecting changes of 10%, 20%, and 30% of the mean values are shown for
Adélie and chinstrap penguins in Table 3.

The data on durations of chinstrap and macaroni penguin foraging trips at Seal Island,
monitored with radio-transmitters, were not summarized in time for analysis in this
report. However, a comparison of data obtained using visual and radio-transmitter methods
would be useful in determining whether sample sizes required for these techniques differ.

Finally, we note that the scheme presented in CCAMLR (1989) for computing an
annual mean trip duration (paragraphs 28 and 29) ignores the problems of nested design
and correlation between trip duration and number of trips. That scheme gives equal weight
to each foraging trip made during a particular year. The simplification we presented above
partially avoids that problem, but ignores the five-day stratification scheme which may be
necessary to account for systematic changes in trip duration within a season.
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3.6 Breeding Success (A6.1)

The reproductive success of 150 pairs of chinstrap penguins was monitored at Seal
Island in 1987/88, though the field work was begun on 25 December, well after the first
egg was laid. Assuming no egg loss occurred prior to the study, the mean number of chicks
raised to creche age per pair was 1.26, with a standard deviation of 0.87. If those numbers
are typical, the minimum number of nests which would have to be monitored to detect
changes of 10% to 30% of the mean value are shown in Table 4".

Breeding success was monitored in 33 pairs of macaroni penguins at Seal Island in
1987/88. Because the number of macaroni chicks raised per pair can only equal zero or
one, the data can be treated as binomial proportions. Fleiss (1981, pp. 41-42) gives the
appropriate formulae for the sample sizes required to detect a specified difference between
two proportions. Table 5 presents estimated minimum sample sizes to detect a change from
the observed mean of 0.91 chicks per pair to each of several new values for the reproductive
success parameter. Note that the sample sizes in Table 5 are generally much larger than the
33 pairs used to estimate the mean for the analysis. Therefore, this analysis is presented
more as an example of the method than as a true power analysis.

The reproductive success of Adélie penguins, measured as the number of chicks
fledged per breeding pair was monitored by Trivelpiece et al. (1989) at Admiralty Bay,
King George Island. During each of six years (not all consecutive), several hundred breeding
pairs were observed. Therefore, a mean and standard deviation of the number of chicks
fledged per pair is available for each of the six breeding seasons. However, at the time of
this writing we were unable to adequately interpret those data because the quoted standard
deviations were larger than is possible for a variable which can only take on values of zero,
one, or two.

3.7  Chick Fledging Weight (A7.1)

As shown in paragraphs 9 and 10 of CCAMLR (1989), the standard method for
estimating the population mean fledging weight may not yield a reliable annual index if the
true average fledging weight varies between five-day periods. The average weights of
chinstrap penguins fledging in consecutive five-day periods differed significantly at Seal
Island in 1989. If this result is confirmed for other species, sites, and years, the standard
method will need to be revised to include a strategy for weighting the mean from each five-
day period by the number of chicks fledged in that period.

One potential method for obtaining an index of the numbers of chicks fledged in each
5-day period would be to keep daily counts of the numbers of chicks (unfledged) remaining
in several discrete, small or peripheral colonies. Adding up the daily decrements in chick
numbers might yield a satisfactory estimate of the relative numbers fledging in the several
5-day periods. The daily decrements will include mortality, but if the rate of mortality is
small relative to the rate of fledging and if the mortality rate is not dramatically different
between different five-day periods, the estimates should still be reliable.

3.8  Chick Diet (A8.1)

The data from the standard methods for monitoring penguin chick diet will consist of
total wet weights of the contents of individual stomachs or of more detailed information such

E. Marschoff (personal communication) has suggested that changes in the individual proportions
of pairs raising zero, one or two chicks might be detectable using sample sizes much smaller
‘than those apparently required to detect changes in the mean number of chicks raised.
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as the proportion of the total weight comprising a particular prey taxon. We consider here
only the data on total weight, deferring analysis of the proportion data to another paper
evaluating the different types of analysis appropriate for proportions.

Trivelpiece et al. (1989) measured meal sizes of Adélie and chinstrap penguin chicks
during three years at King George Island. The average meal size for Adélie penguins was
533 g and the average for chinstraps was 443 g. Pooling the variances as described above,
the square-root of the MSE for meal size of Adélie penguins was 191.8 and for chinstrap
penguins the square-root of the MSE was 219.8. Using the square-root of the MSE as the
typical standard deviation, we estimated the sample sizes required to detect changes of 10%,
20%, and 30% of the mean values for Adélie and chinstrap meal size (Table 6). Because of
the relatively high variability in this parameter, the samples required to detect a modest
change in the mean are very large.

4. METHODS FOR FUR SEALS
4.1 Fur Seal Pup Growth (C1.0)

The data from this method consist of periodic weights of a marked sample of pups or of
random samples of pups. The resulting index will be the value of the slope of a regression of
pup weight versus date. The techniques for comparing the slopes of two or more regressions
are well established, and found in most introductory statistics texts. However, several
aspects of this technique should be considered in more detail before a formal power analysis
is conducted.

As discussed in CCAMLR (1989), the assumptions for linear regression analysis
(homogeneity of variance, fit to linear model) should be investigated. Assuming that those
investigations reveal that linear regression is appropriate, a power analysis will still be
more difficult than one which relies on equation (1) for the following reason.

There are two measures of sample size which must be considered in designing a test
for differences between pup growth rates among several years. The first is the number of
pups to be weighed on a particular date. The second is the number of dates within the
pup-rearing season on which pup weights are to be sampled. The issue of how many times
samples of pups should be weighed is further complicated by consideration of the time
intervals between successive weighings. Weights taken on each of four consecutive days will
not provide the “contrast” afforded by weights collected at four one-week intervals. A
thorough analysis of the power to detect changes in pup growth rates will likely require
numerical simulations in which the response of the parameter to systematic changes in
numbers of pups and in numbers and spacing of weighing dates is explored. Because good
estimates of the “within-date” variance of pup weights are available from two years at Seal
Island, we intend to pursue this topic in the near future.

4.2 Foraging/Attendance Duration (C2.0)

As we discussed above in the section on penguin foraging trip duration, this
monitoring scheme is a nested design with the complication that trip duration and number of
trips made by an individual are inversely related (Figure 1). One approach, to prevent
undue weighting of females which tend to make short trips, would be to weight the mean trip
duration for each female equally when computing the overall mean trip duration for the year.
Using that method on data from Seal Island, the following results were obtained.

The average of the mean trip durations of 19 fur seal females at Seal Island in

1986/87 was 59.7 hr, with a standard deviation of 43.6 hr. In 1988/89, the average from
13 females was 52.4 hr, with a standard deviation of 44.4 hr. With coefficients of variation
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of about 80%, it would clearly be very difficult to detect differences between years using
this type of analysis. This is shown in Table 7, by the very large sample sizes which would
be required (again calculated by using a pooled estimate of variance and equation (1)).

The data shown in Figure 2 suggest an explanation for the low statistical power
obtained by the previous method: the lengths of foraging trips tend to decrease as the season
progresses. Therefore, some of the “within-year” variation may be due to differences
between the dates on which different females' trips were made. Modifications to the standard
method, such as stratifying foraging data by calendar date or using analysis of covariance to
remove the effect of date, will likely reduce the within-year variation, thereby reducing the
size of the sample of females required to detect a specified difference between years.

Other modifications, addressing the problems we described above, to the standard
method for fur seal foraging trip length are also possible. For example, another way to give
equal weight to the mean of each female's trip durations would be to use only a specified
number, say the first 5, of her postpartum foraging trips. That strategy may also partially
remove the “date effect”, by reducing the portion of the season during which trips are
measured. In any case, a thorough investigation of the power of standard method C2.0, with
the modifications we described above, is beyond the scope of this paper. We will use the data
from Seal Island to conduct such an analysis, making the results available to the Working
Group as soon as they are completed.
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Table 1: Estimates of the minimum sample sizes (number of birds) required to detect a
change of magnitude equal to 3 in the mean lengths (days) of Adélie penguin first
incubation shifts are presented for a range of values for desired statistical
power. All estimates are for tests conducted after two years of monitoring. Data
are from Trivelpiece et al. (1989) Table 11.

Incubation shifts by males:

Statistical Power (1-B)
S 0.95 0.90 0.80 0.60

For oo = 0.05:

1.24  (10%) 119 96 72 46

2.48 (20%) 31 25 19 13

3.72 (30%) 15 12 9 7
For a« = 0.10: .

1.24  (10%) 99 79 57 34

2.48 (20%) 26 21 15 10

3.72 (30%) 12 10 8 5

Incubation shifts by females:

Statistical Power (1-B)
3 0.95 0.90 0.80 0.60
For oo = 0.05:
1.00 (10%) 341 276 207 130
2.00 (20%) 86 70 53 34
3.00 (30%) 39 32 24 16
For o = 0.10:
1.00 (10%) 284 225 163 95
2.00 (20%) 72 57 42 25
3.00 (30%) 33 26 19 12
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Table 2:  Estimates of the minimum sample sizes (number of birds) required to detect a
change of magnitude equal to & in the mean lengths (days) of chinstrap penguin
first incubation shifts are presented for a range of values for desired statistical
power. All estimates are for tests conducted after two years of monitoring. Data

are from Trivelpiece et al. (1989), Table 12.

Incubation shifts by males:

Statistical Power (1-B)
) 0.95 0.90 0.80 0.60
For o = 0.05:
0.58 (10%) 698 564 422 264
1.16 (20%) 176 142 107 67
1.74 (30%) 79 64 48 31
For a« = 0.10:
0.58 (10%) 581 460 332 194
1.16 (20%) 146 116 84 50
1.74  (30%) 66 52 38 23
Incubation shifts by females:
Statistical Power (1-B)
) 0.95 0.90 0.80 0.60
For a = 0.05:
0.39 (10%) 953 771 576 360
0.78 (20%) 239 194 145 91
1.17 (30%) 107 87 65 41
For o« = 0.10:
0.39 (10%) 794 629 454 265
0.78 (20%) 200 158 114 67
1.17  (30%) 89 71 52 31
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Table 3:  Estimates of the minimum sample sizes (number of birds) required to detect a
change of magnitude equal to § in the mean duration (hours) of chinstrap and
Adélie penguin foraging trips are presented for a range of values for desired
statistical power. All estimates are for tests conducted after two years of
monitoring. Data are from Trivelpiece et al. (1989), Table 9.

Adélie penguins:

Statistical Power (1-B)

S 0.95 0.90 0.80 0.60

For a = 0.05:
2.43 (10%) 92 74 56 36
4.86 (20%) 24 20 15 10
7.29 (30%) 12 10 8 6

For o = 0.10:
2.43 (10%) 77 61 44 26
4.86 (20%) 20 16 12 8
7.29 (30%) 10 8 6 4

Chinstrap penguins:

Statistical Power (1-B)

8 0.95 0.90 0.80 0.60

For o = 0.05:
1.67 (10%) 382 309 231 145
3.34 (20%) 97 78 59 37
5.07 (30%) 44 36 27 18

For o = 0.10:
1.67 (10%) 318 252 182 107
3.34 (20%) 81 64 47 28
5.07 (30%) 37 29 21 13
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Table 4:  Estimates of the minimum sample size (number of pairs) required to detect a
change of magnitude equal to & in the mean number of chinstrap chicks raised to
creche age per breeding pair are presented for a range of values for desired
statistical power. All estimates are for tests conducted after two years of
monitoring. Data are from Seal Island, 1987/88.

Statistical Power (1-B)

& 0.95 0.90 0.80 0.60

For ¢ = 0.05:
0.129 (10%) 1185 958 716 448
0.258 (20%) 297 241 180 113
0.387 (30%) 133 108 81 51

For o = 0.10:
0.129 (10%) 986 782 564 329
0.258 (20%) 248 196 142 83
0.387 (30%) 111 88 64 38

Table 5: Estimates of the minimum sample sizes (number of pairs) required to detect a
change in macaroni penguin reproductive success from a value of 0.91 chicks
raised per pair to each of the new values (P2) listed below. The usual quantity &
would be the difference between P2 and 0.91. All estimates are for tests
conducted after two years of monitoring. Data are from Seal Island, 1987/88.

Statistical Power (1-B)

P2 0.95 0.90 0.80 0.60

For o = 0.05:
0.95 1104 902 686 446
0.85 792 647 492 319
0.80 281 231 177 117
0.75 152 125 97 65
0.70 98 81 63 43

For o = 0.10:
0.95 927 744 551 341
0.85 665 533 394 243
0.80 236 191 143 90
0.75 128 104 79 51
0.70 83 68 52 34
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Table 6:

Estimates of the minimum sample sizes required to detect a change of magnitude
equal 1o § in the average wet weight of Adélie and chinstrap penguin chick meals
(grams) are presented for a range of values for desired statistical power. All
estimates are for tests conducted after two years of monitoring. Data are from
Trivelpiece et al. (1989), Table 6.

Adélie penguins:

Statistical Power (1-B)

5 0.95 0.90 0.80 0.60
For o = 0.05:

53.3 (10%) 338 273 205 128
106.6 (20%) 86 69 52 33
159.9 (30%) 39 32 24 16

For oo = 0.10:

53.3 (10%) 281 223 161 95
106.6 (20%) 71 57 41 25
159.9 (30%) 33 26 19 12

Chinstrap penguins:
Statistical Power (1-B)
) 0.95 0.90 0.80 0.60
For oo = 0.05:

44.3 (10%) 641 519 388 243

88.6 (20%) 162 131 98 62
132.9 (30%) 73 59 44 28

For o = 0.10:

44.3 (10%) 534 423 306 179

88.6 (20%) 135 107 77 46
132.9 (30%) 61 48 35 21
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Table 7:  Estimates of the minimum sample sizes (number of females) required to detect a
change of magnitude equal to & in the mean duration (hours) of fur seal foraging
trips are presented for a range of values for desired statistical power. These
estimates are likely to be too high because they do not account for the
“within-year” variation of the type shown in Figure 2. All estimates are for
tests conducted after two years of monitoring. Data are from Seal Island,
1986/87 and 1988/89 seasons.

Statistical Power (1-B)
3 0.95 0.90 0.80 0.60

For o« = 0.05:

5.67 (10%) 1558 1261 942 589
11.35 (20%) 391 316 237 148
17.02  (30%) 175 141 106 67

For o = 0.10:

5.67 (10%) 1298 1029 742 433
11.35 (20%) 326 258 186 109
17.02 (30%) 146 115 84 49
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Relationship of individual duration and total number of foraging trips to sea made
by female Antarctic fur seals at Seal Island, South Shetland Islands, Antarctica.
Data from the 1986/87 season sampled trips from late December to
mid-February; 1988/89 data sampled trips from mid January to late February.




140

120 |-

100 |-

80

TRIP LENGTH (hours)

40

0 ! 1 ] | l
DEC 31-JAN 7 JAN 8-14 JAN 15-21 JAN 22-29 JAN 30-FEB 6

TRIP START DATE

Figure 2: Within-season changes in the duration of foraging trips to sea made by female
Antarctic fur seals at Seal Island, South Shetland Islands, Antarctica. Data are
from the 1986/87 season.
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Liste des tableaux

Les estimations de taille minimum d'échantillons (nombre d'oiseaux)
nécessaires pour détecter un changement d'une ampleur égale a & dans la
durée moyenne (jours) du premier tour d'incubation du manchot Adélie sont
présentées pour une fourchette de valeurs de la puissance statistique voulue.
Toutes les estimations proviennent de tests conduits aprés 2 ans de contrdle.
Les données sont fournies par Trivelpiece et al. (1989), Tableau 11.

Les estimations de taille minimum d'échantillons (nombre d'oiseaux)
nécessaires pour détecter un changement d'ampleur égale a §, dans la durée
moyenne (jours) du premier tour d'incubation du manchot & jugulaire, sont
présentées pour une fourchette de valeurs de la puissance statistique voulue.
Toutes les estimations proviennent de tests conduits aprés 2 ans de contrdle.
Les données sont fournies par Trivelpiece et al. (1989), Tableau 12.

Les estimations de taille minimum d'échantillons (nombre d'oiseaux)
nécessaires pour détecter un changement d'une ampleur égale a & dans la
durée moyenne (heures) des sorties alimentaires des manchots a jugulaire
et Adélie; elles sont présentées pour une fourchette de valeurs de la
puissance statistique voulue. Toutes les estimations proviennent de tests
conduits aprés 2 ans de contrble. Les données sont fournies par Trivelpiece
et al. (1989), Tableau 9.

Les estimations de taille minimum d'échantillons (nombre de couples)
nécessaires pour détecter un changement d'ampleur égale a & dans le nombre
moyen de jeunes manchots a jugulaire par couple reproducteur, élevés
jusqu'a I'age d'entrée en créche, sont présentées pour une fourchette de
valeurs de la puissance statistique voulue. Toutes les estimations
proviennent de tests conduits aprés 2 ans de contrle. Les données ont été
recueillies a I'lle Seal, 1987/88.

Les estimations de taille minimum d'échantillons (nombre de couples)
nécessaires pour détecter un changement dans la réussite de la reproduction
a partir d'une valeur de 0.91 jeunes élevés par couple, a chacune des
nouvelies valeurs (P2) figurant sur la liste ci-dessous. La quantité
normale de § serait la différence entre P2 et 0.91. Toutes les estimations
proviennent de tests conduits aprés 2 ans de contréle. Les données ont été
recueillies a I'lle Seal, 1987/88.

Les estimations de taille minimum d'échantillons nécessaires pour détecter
un changement d'ampleur égale & § dans le poids moyen mouillé (grammes)
des repas des jeunes manchots a jugulaire et Adélie sont présentées pour une
fourchette de valeurs de la puissance statistique voulue. Toutes les
estimations proviennent de tests conduits apres 2 ans de contrfle. Les
données sont fournies par Trivelpiece et al. (1989), Tableau 6.

Les estimations de taille minimum d'échantillons (nombre de femelles)
nécessaires pour détecter un changement d'ampleur égale a & dans la durée
moyenne (heures) des voyages alimentaires des otaries de Kerguelen sont
présentées pour une fourchette de valeurs de Ia puissance statistique voulue.
Ces estimations risquent d'étre trop élevées parce qu'elles ne tiennent pas
compte de la variation "dans le courant d'une année" du genre figurant a la
Figure 2. Toutes les estimations proviennent de tests conduits aprés 2 ans de
contréle. Les données ont été recueillies a I'lle Seal, saisons 1986/87 et
1988/89.
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Liste des figures

Relation entre la durée d'un voyage et le nombre total de voyages
alimentaires en mer entrepris par les otaries femelles de Kerguelen a I'lle
Seal, aux iles Shetland du Sud, en Antarctique. Les données de la saison
1986/87 proviennent d'échantillons prélevés lors de voyages effectués de
fin décembre a mi-février; les données de 1988/89 proviennent
d'échantillons prélevés lors de voyages effectués de mi-janvier a fin février.

Changements, au cours d'une saison, de la durée des voyages alimentaires en
mer entrepris par les otaries de Kerguelen femelles a I'lle Seal, aux iles
Shetland du Sud, en Antarctique. Les données concernent la saison 1986/87.

CrHCOK TabJIUIL

IIpeAnoJioXUTEeNbHblE MUHUMAJbHbIE pa3sMepbl Npob6 (KOJMUEeCcTBO
ocofell), Heo6XoAUMbIe AJs1 BbISIBJIEHUSI U3MEHEHUI TMopsijka,
paBHoOro 9, cpeZHell  NPOAOJIKUTEJbHOCTH  (AHK)  mepBOH
MHKYBallMOHHOM CMeHbl MUHIBUHOB AJeJ il NpeACTaBJeHbl AJsl psifia
YPOBHell CTAaTUCTHUUEeCKON MOIHOCTU. Bce olleHOUHble BeJMUUHHBI
6bL/IU MOJIYUEHBl B pe3yJbTaTe 3KCIIEPUMEHTOR, NPOBEZAEHHbIX Uepel
JIBa roja nocJie HauaJia MOHUTOpHHra. llo fanHbeiM TpuUBeJanuca U Ap.
(Trivelpiece et al., 1989) 6 Ta6uuna 11.

IIpeaAnoJIOXUTENbHBIE MUHHUMAaJbHBIE pa3Mepbl Npo6 (KOJUUECTBO
ocobeli), Heob6xoJuMble AJs BbIIBJEHUS U3MEHEHUM TNopsijka,
pPAaBHOI'O B, CpeJHell MPOAOJKUTEJbHOCTH  (OHM)  TepBoM
WHKY6allMOHHON CMEHBl NUHIBUHOB UYMHCTpan NpeAcTaBJeHbl AJs
psiZa YpoOBHell CTATUCTUUYECKOM MOIMHOCTU., Bce olieHOuHble
BEJIMUUHBI 6BLJIM  MOJIyUEHb B  pe3yJbTaTe  3KCIIEPUMEHTOB,
NpPOBE/IEHHBIX Uepe3 JBa roja Ioc/Je HauaJa MOHUTOpuHra, Ilo
AaHHbIM TpuBedsnuca u ap. (Trivelpiece et al., 1989) 6 Ta6auna 12.

IIpeanoJioxXUTeNbHbIE MHWHUMaJbHbIE pa3Mepbl Mpo6 (KOJIMUECTBO
ocoberll), HeobxoauMble AJIA BBISIBJEHUS] U3MEHEHHH [OpsiKa,
paBHoro o, cpeAHell NOPOJAOJ/KUTENBHOCTU  (4achl) INEepHOAa
AOBBIBaHUS NUIM NUHIBHHAMU UMHCTPAN U AZeJid IpeACTaBJIEHDI AJ1s
psJa YPOBHENH CTATUCTUUYECKOM MOIHOCTU. Bce oOleHOUHble
BeJIMUUHB OblIM  MOJyuyeHsl B  pe3yJibTaT€  3KCHEPUMEHTOB,
NpoBeJIeHHbIX Uepe3 JBa oAa IocJe HauaJja MOHUToOpUHra. Ilo
AaHHbIM TpureJsinuca u ap. (Trivelpiece et al., 1989) 6 Ta6auua 9.

IIpeanoJioXUTE/NbHbIE MHWHHMaJbHbIE pasMepbl Npo6 (KOJHUecTBO
nap), Heo6xoAMMble AJ1st BbISIBJIEHHUS] U3MeHEeHUH Nopsiika, PaBHOIO
8, cpeaHero KOJIMYUECTBAa BbBIKUBIIUX O “sICEJbHOrO" BO3pacTa
IITEHLIOBR NUHIBUHA UUHCTPAN Ha POAUTEJLCKYI0 ITapy, NpeCTABJEHDI
AJisl psiAa ypoOBHENM CTATUCTUUECKONM MOIHOCTH. Bce olileHOUuHble
BEJIMUMHBI  6bIJIM  NOJyUYeHbl B  pe3yJbTaTe€  3KCIEPUMEHTOR,
NIpoBeAEHHbBIX Uepe3 ZBa rojla nocJse HauaJla MOHUTOPUHIra. aHHble
65111 oJIyUy€eHbl Ha ocTpoBe CuJ, B 1987/88 T,

IpeanoaoxXUuTe bHblE MHUHHUMAJIbHbIE pa3Mepbl Npo6 (KOJHYECTBO
nap), Heo6xoAVMble AJisI BbISIBJIEHUS] H3MEHEHUS PeNnpoAyKTHBHOIO
yCIlexa 30J/I0TOBOJIOCHIX MUHIBUHOB OT 0,91 BBIKMBHIIErO NTEHLA Ha
napy Ao yporHell (P2), ykaszaHHBIX HuXe. O6bIUHO 3HaueHUe § ByaeT
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PaBHO pasHuULe MexAy BeauuuHaMHu P2 u 0,91, Bce olieHOuHble
BEJUUMHBl 6blJIM  MOJIyueHbl B  Ppe3yJbTaTe€  3KCINEPHUMEHTOBR,
NMpOBEAEHHDbIX Uepe3 ZBa '0Ja NocJ/e HauaJla MOHUTOpHHra. /laHHbIe
6b1J1M OoJIyueHbl Ha ocTpoBe CuJi B 1987/88 rT.

HpelIHOJIO)KI/lTeJIbele MHUHHUMAJIbHBIE Pa3MeEPbI Hp06, HCOGXOﬂHMbIe
AJIs BbIsIBJIEHHS U3MEHEHUS TIOpdAAKa, PaBHOI'O 5, CpeAHEro CbhIporo
Beca (rpaMMbl) UMY, NOTpebisieMoll NTeHIlaMHU MUHIBUHOB AZesu U
UHUHCTpaln 3a OJUH IpUeM, NpeACTaBRJeHb AJas psgAa YPOBHEN
CTaTUCTUUECKOMN MOIIHOCTHU, Bce olleHOUHbBIE BeJIMUUHBL 6b1JIU
MoJiyueHbl B pe3yJibTaTe€ 3KCIEPUMEHTOB, NPOBEJEHHbIX Uepe3 /ZBa
roja mnocJsieé HadaJsia MOHUTOPUHIA. Tlo AaHHBIM TpMBeJIHHC& u Ap.
(Trivelpiece et al., 1989) 6 Ta6uauna 6.

IIpeAnoiIoXUTEbHBIE MHHHMAaJIbHBIE pasMepbl MNpo6 (KOJIHMUECTBO
CaMOK), HEO6XOAMMbIe AJis1 BbISIBJIEHHWS] U3BMEHEHUH NOopsJKa, PaBHOI'O
8, cpeZHell NPOAOJMXUTEJbHOCTU (Uachl) NepvoZfa AoO6blBAaHUST TTUIU
MOPCKMMH  KOTHKaMHM  MNpeACTaBJEeHb  AJs1  psila  YPOBHEH
CTATHCTUUECKON MOWMHOCTU. BEpOSITHO, UTO 3TH OLIEHKU 3aBbIIMIEHBI,
MOCKOJIbKY OHM He IMPUHHUMAaKT BO BHMMaHHe “BHYTPUIoZoOBblE"
KoJebaHUsI NOKasaHHOro Ha PuHcyHKe 2 Tuna, Bce oOIlleHOUHble
BEJMUHHbl 6bIJIM  NOJIyue€Hbl B  pe3yJbTaT€  3KCIEPUMEHTOBR,
NpOBEJIEHHbIX Uepe3 JBa I'oja InocJe HauaJa MOHUTOpUHTa. aHHblEe
6bJIM MMOJIyueHbl Ha ocTpoBe CHUJI B TeueHHe ce3oHoB 1986/87 u
1988/89 rr.

CrycoK pUCYHKOB

3aBHCUMOCTb IPOJOMXUTEJbHOCTH OTJeJbHbIX IEPUOJOR MOULCKA
Nymy M obmero KoJuuecTBa IepUoOB AOGBIBAHUS NUIM B Mope
CaMKaMU I0KHOI'O aHTapPKTUUECKOro KOTHKA Ha oCcTpoBe CuJ, I0OXHbIe
IMeTnaHzackue ocTtpoBa, AHTapKTHKa. [laHHble 3a ce30H 1986/87 r. no
nepuoziaM Jo6BIBAHUS MUIH B MOpe C KOHIA JlekaBpsi 0 cepejiuHbI
deBpaJisixX AaHHble 3a 1988/89 r. no nepuoAaM Ao6bIBaHUS MUY B
Mope ¢ cepeJJUHBI sTHRapsl A0 KOHLLa peBpaJis,

BHyTpHUCe30HHbIE  U3MEHEHUsl NPOJOJ/DKHUTEJNbHOCTH  MEPUOJAOB
AobblBaHMS NUIM B MOpPE CaMKaMH H0XHOIO MOPCKOIo KOTHKa Ha
ocrpore CuJ, I0xHbie IlleTsaHACKHUE OCTPOBAa, AHTApKTHKaA. [JaHHbIE
6b1J11 TTOJIyueHbl B TeueHUe ce3oHa 1986/87 r.

Lista de las tablas

Se presentan las estimaciones de los tamafios menores de las muestras
(nimeros de aves) necesarias para descubrir un cambio de magnitud igual a
8 en la duraciones medias (dias) de los primeros turnos de incubacioén de los
pingiiinos Adelia, para un rango de valores para la habilidad estadistica
deseada. Todas las estimaciones son para los estudios conducidos después de
2 afios de monitoreo. Datos son de Trivelpiece et al. (1989), Tabla 11.

Se presentan las estimaciones de los tamafios menores de las muestras
(nimeros de aves) necesarias para descubrir un cambio de magnitud igual a
& en la duraciones medias (dias) de los primeros turnos de incubacién de los



Tabla 3:

Tabla 4:

Tabla 5:

Tabla 6:

Tabla 7:

Figura 1:

Figura 2:

pinglinos Barbijo para un rango de valores para la habilidad estadistica
deseada. Todas las estimaciones son para los estudios conducidos después de
2 afios de monitoreo. Datos son de Trivelpiece et al. (1989), Tabla 12.

Se presentan las estimaciones de los tamafios menores de las muestras
(nimeros de aves) necesarias para descubrir un cambio de magnitud igual a
8 en la duracién media (dias) de los viajes de alimentacién de los pingiinos
Barbijo y Adelia. Todas las estimaciones son para los estudios conducidos
después de 2 afios de monitoreo. Datos son de Trivelpiece et al. (1989),
Tabla 9.

Se presentan las estimaciones de los tamafios menores de las muestras
(nimeros de aves) necesarias para descubrir un cambio de magnitud igual a
8 en el numero medio de polluelos Barbijo que llegan a la edad de créche por
cada pareja reproductiva para un rango de valores para la habilidad
estadistica deseada. Todas las estimaciones son para los estudios conducidos
después de 2 afios de monitoreo. Datos provienen de la Isla Seal, 1987/88.

Estimaciones de los tamafios menores de las muestras (niGmeros de pares)
necesarias para descubrir un cambio en el éxito reproductivo de los
pinglinos Macaroni de un valor de 0.91 de polluelos incubados por cada
pareja a un nuevo valor indicado (P2) aparecen en la tabla siguiente. La
cantidad normal & deberia ser la diferencia entre P2 y 0.91. Todas las
estimaciones son para los estudios conducidos después de 2 afios de monitoreo.
Datos provienen de la Isla Seal, 1987/88.

Se presentan las estimaciones de los tamafios menores de las muestras
(nameros de aves) necesarias para descubrir un cambio de magnitud igual a
3 en el peso himedo promedio (gramos) del alimento de los polluelos de los
pinglinos Adelia y Barbijo para un rango de valores para la habilidad
estadistica deseada. Todas las estimaciones son para los estudios conducidos
después de 2 afios de monitoreo. Datos son de Trivelpiece et al. (1989),
Tabla 6.

Se presentan las estimaciones de los tamafios menores de las muestras
(nomeros de hembras) necesarias para descubrir un cambio de magnitud
igual a & en la duracién media (horas) de los viajes de alimentacién de los
lobos finos para un rango de valores para la capacidad estadistica deseada. Es
posible que estas estimaciones sean demasiado altas porque no toman en
consideracion la variacion “dentro del afio” del tipo que se muestra en la
Figura 2. Todas las estimaciones son para los estudios conducidos después de
2 afios de monitoreo. Datos provienen de la Isla Seal, durante las temporadas
1986/87 y 1988/89. ’

Lista de las figuras

Relacion entre la duracién individual y el nimero total de los viajes de
alimentacién hechos al mar por la hembra de los lobos finos antarticos en la
Isla Seal, Islas Shetland del Sur, Antartica. Datos de los viajes observados
desde finales de diciembre hasta mediados de febrero durante la temporada
1986/87; datos de los viajes observados desde mediados de enero hasta
finales de febrero durante la temporada 1988/89.

Cambios dentro de la temporada en la duracién de los viajes de alimentacién

hechos al mar por la hembra de los lobos finos antarticos en la Isla Seal,
Islas Shetland del Sur, Antartica. Datos son de la temporada 1986/87.
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