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SENSITIVITY ANALYSIS FOR PARAMETERS OF PREDATORY SPECIES 
CCAMLR ECOSYSTEM MONITORING PROGRAM 

M.D. Whitehead 

Abstract 

Following the request of the Scientific Committee of CCAMLR to 
conduct sensitivity analyses on existing data regarding predator 
breeding biology parameters, this report presents such a treatment 
of data obtained at the Magnetic Island Adelie penguin colony in Prydz 
Bay in the 1987/88 and 1988/89 breeding seasons. 

The data on the following parameters were analyzed: 

• adult weight on arrival at breeding colonies; 
• duration of first incubation shift; 
• duration of adult foraging trips; 
• breeding success; and 
• chick fledging weight. 

Resume 

A la demande du Comite scientifique de la CCAMLR portant sur la 
conduite d'analyses de sensibilite sur les donnees existantes 
concernant les parametres biologiques de reproduction des 
predateurs, ce rapport presente un tel traitement de donnees 
obtenues a la colonie de manchots Adelie de I'ile Magnetic, dans la baie 
de Prydz, pendant les saisons de reproduction 1987/88 et 1988/89. 

Les donnees se rapportant aux parametres suivants ont ete analysees: 

• poids des adultes a I'arrivee aux colonies de reproduction; 
• duree du premier tour d'incubation; 
• duree des sorties alimentaires des adultes; 
• reussite de la reproduction; et 
• poids des jeunes a la premiere mue. 

Pe3IOMe 

B OTBeT Ha npocb6y HayqHOrO KOMHTeTa AHTKOMa 0 

npOBe~eHHH aHa~H3a qyBcTBHTe~bHOCTH napaMeTpoB 

BocnpoH3Bo~cTBa XH~HHKOB C yqeTOM cy~ecTByIO~HX 

~aHHbIx, B HaCT05I~et'l pa60Te npe~cTaB~eHbI pe3y~bTaTbI 
TaKoro aHa~H3a ~aHHbIx no KO~OHHH nHHrBHHOB A~e~H, 
no~yqeHHbIX Ha OCTpOBe MarHeTHK B 3a~HBe IIpIO~C B TeqeHHe 

ce30HOB pa3MHO)l{eHH5I 1987/88 H 1988/89 rr. 

EbWH npoaHa~H3HpoBaHHbI ~aHHbIe 

napaMeTpaM: 
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• BeC B3POCJIbIX oco6eH no npH6bITHH B rHe3,l\OBYIO KOJIOHHIO; 

• npO,l\OJI)I{HTeJIbHOCTb nepBOH HHKy6aU;HoHHOH CMeHbI; 

• npO,l\OJI)I{HTeJIbHOCTb nepHO,l\OB KOpMJIeHH5.I B3POCJIbIX 

oco6eH; 

• penpO,l\YKTHBHbIH ycnex; H 

• Bec nTeHU;OB npH onepeHHH. 

Resumen 

Siguiendo la solicitud hecha por el Comite Cientifico de la CCRVMA 
para conducir analisis de sensibilidad en los datos ya existentes con 
relaci6n a los parametros biol6gicos de reproducci6n de los 
depredadores, este informe presenta tal tratamiento de datos 
obtenidos en las colonias de pingOinos Adelia en la Isla Magnetic, 
Bahfa de Prydz, durante las temporadas reproductivas de 1987/88 y 
1988/89. 

Se analiz6 la informaci6n de los siguientes parametros : 

• peso del ejemplar adulto a la lIegada a la colonias de reproducci6n; 
• duraci6n del primer turno de incubaci6n; 
• duraci6n de los viajes de alimentaci6n como adulto; 
• exito en la reproducci6n; y 
• peso del polluelo al emplumaje. 



1 . INTRODUCTION 

Since the establishment of the Biological Investigation of Marine Antarctic Systems 
and Stocks (BIOMASS) program, vertebrate predators have been considered potentially 
useful environmental monitors, assuming that their populations are sensitive to conditions 
within their foraging ranges (e.g. BIOMASS, 1982). 

This interest in the use of vertebrate predators in environmental monitoring 
continued in discussions of the Commission for the Conservation of Antarctic Marine Living 
Resources (CCAMLR) and its Scientific Committee (SC-CAMLR). In 1988 this culminated in 
the publication by the Working Group for the CCAMLR Ecosystem Monitoring Program 
(WG-CEMP) of a handbook entitled Standard Methods for Monitoring Parameters of Predatory 
Species (CCAMLR, 1988). 

This booklet summarized the parameters recommended for monitoring studies of 
penguins and seals. Previous meetings of CCAMLR had identified a range of breeding biology 
parameters likely to be sensitive to perturbations in the marine environment, which could 
act as indicators of marine conditions when monitored annually. A few species were deemed 
most likely to be useful in this capacity, based on their population sizes and accessibility, 
and on their likelihood of reflecting fluctuations within the krill-based ecosystem. Species 
identified included the Adelie penguin (Pygoscelis adeliae). 

The monitoring methods which seemed the most likely to yield useful results were 
selected for each identified species. The methodology proposed is in many cases based on few 
data. It is important therefore to determine whether the scope and precision of the 
observations are sufficient to monitor the vertebrate population parameters of interest 
with acceptable reliability. 

To comment on the suitability of the sampling methodologies proposed, it is necessary 
to have an idea of some characteristics of the data generated; most importantly, the degree of 
variance around the mean. While data sets can be simulated, and variances estimated if no 
real data exist, the use of actual data with 'real' variance enables estimates of required 
sample sizes for specified detection capabilities to be made with greater confidence. This was 
recognised by the Scientific Committee (SC-CAMLR-VII, paragraph 5.22 (i) and (ii)) and led 
to the instructions for sensitivity analysis set out by the CCAMLR Secretariat and Convener 
ofCEMP. 

This report summarizes some preliminary data on various Adelie penguin breeding 
biology parameters, collected at the Magnetic Island colony in Prydz Bay (68°33'S, 
77°54'E) in the 1987/88 and 1988/89 breeding seasons. 

Though assessed and presented under the parameter headings given by CCAMLR 
(1988), it should be realised that differences did exist between methods of data collection 
recommended for the Ecosystem Monitoring Program (CCAMLR,1988) and those used for the 
analysis in this report. In most instances the data were collected in conjunction with other 
research programs with their own specific aims. The characteristics of the data upon which 
the subsequent 'senSitivity' analyses are based are described in the following section. 

2. DATA ACQUISITION AND CHARACTERISTICS 

2.1 Parameter A 1 - Weight on Arrival at Breeding Colonies 

This parameter is considered likely to reflect pre-breeding season conditions within 
the penguins foraging range. The CEMP Standard Methods Sheets (CCAMLR, 1988) 
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recommend the capture and weighing of between 50 and 75 (depending on whether sex can be 
determined) adults every five days during the occupation period. 

The data presented here are based on the weighing of 100 unsexed adults on 
17 October 1987 and again on the 17 October 1988. Adults were captured as they moved 
across the sea-ice toward their colonies, and weighed to the nearest 25 g. 

The distribution of the data did not differ significantly from normality in either year 
(Kolmogorov-Smirnov one-sample test (K-S); z=0.037, p=0.354 and z=0.071, p=0.239 
for 1987 and 1988 respectively). The means and variances of the data were similar for both 
years (Figures 1 a and 1 b) and sample size analysis was based on the 1987 data. 

2.2 Parameter A2 - Length of the First I ncubation Shift 

The length of the first incubation shifts has been shown to be very closely related 
with Adelie penguin breeding success (Davis, 1982). This parameter is considered likely to 
be sensitive to variable food availability during the foraging trip of the incubating bird's 
partner. The CEMP Standard Methods Sheets (CCAMLR, 1988) recommend that 100 nests be 
monitored daily and the length of the first incubation shift by both members of the pair be 
recorded. 

I recorded attendance of a sample of male and female Adelie penguins at two colonies on 
Magnetic Island. Checks of marked nests were made every two days, and the presence of 
either male or female recorded. The length of the first incubation shift was recorded for 
both male and female of 26 pairs, and male only at an additional 31 nests, at the Turner 
colony. At the East colony, length of the first incubation shift was recorded for both male and 
female of 79 pairs, and male only at an additional 22 nests. Length of incubation shift was 
calculated assuming that changeovers occurred midway between observation periods. 

Distribution of data on first incubation shift length did not differ significantly from 
normality for either sex at either study colony (K-S; P > 0.120 in all cases) (Figures 2a 
to 2d). There was no significant difference between the study colonies in length of either 
male or female first incubation shifts (t=0.261, p=0.791 and t=0.880, p=0.615 
respectively), so data from each colony were pooled, and sensitivity analyses conducted for 
each sex. Pooled data did not differ significantly from normality for either males (K-S; 
z=0.088, p=0.134) or females (K-S; z=0.133, p=0.086) (Figures 2e and 2f). 

2.3 Parameter AS - Duration of Foraging Trips 

This parameter is considered sensitive to the availability of food during the foraging 
trip. The CCAMLR Standard Methods Sheets indicate that changes in this parameter can only 
be satisfactorily detected by precise monitoring of adult attendance patterns using radio 
transmitters and a continuous scanning receiver/logger. 

Data collected for this study were from direct observation of two study colonies at 
Magnetic Island. At the Turner colony, 21 nests were monitored and at the East colony, 
68 nests were monitored. Nest sites were visited daily and the attendance of either adult of 
the pair recorded. Foraging trip length was calculated assuming that changeover occurred 
midway between observation periods. This strategy was only effective until the end of the 
guard-stage, after which time both parents began to feed simultaneously, and colony 
attendance could not be monitored without 24 hour watches or automatic recording devices. 

The data used here were the estimated foraging trip lengths of the first post-hatching 
(of first egg) foraging trip for each nest site. At the Turner colony this comprised nine male 
and 12 female foraging trips, and at the East colony it comprised 36 male and 32 female 
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foraging trips. Foraging trips are relatively short during early chick rearing, so detection 
of fluctuation in this parameter at this stage may require larger sample sizes (but more 
importantly more frequent sampling), than when trips are longer. There was no significant 
difference between estimated length of foraging trips for either sex at either location 
(ANOVA; F=0.747, p=0.527), so data were pooled for sensitivity analysis. Although the 
distribution of these data did differ significantly from normality (K-S: z=0.219, p=0.019) 
(Figure 3), it was used for the sensitivity analysis. 

2.4 Parameter A6 - Breeding Success 

This parameter probably reflects the perturbations in food availability integrated 
over an entire breeding season. The CEMP Standard Methods Sheet suggests that three 
separate counts be made of adults and/or chicks in study colonies, so that a measure of the 
variation in counting accuracy may be obtained. It recommends counting a sample of discrete 
colonies from the entire breeding site, though not as replicates. 

In this study, adults and chicks at four colonies on Magnetic Island were counted, 
however, replicated data (from independent counters) were only available for chick counts. 
Between three and five independent counts were made of the number of chicks surviving in 
these study colonies in late January (Table 1). As sample sizes were small (n ~ 5 in all 
cases), the distribution of the data were not examined. Sensitivity analyses were conducted 
on data from colonies 3 and 4. 

2.5 Parameter A7 - Fledging Weight 

It is suggested that the weight of chicks at fledging in any particular season may 
reflect food availability over the whole of that season. WG-CEMP recommends that 
100 fledglings be weighed every five days during the fledging period. 

Chicks fledging from the Magnetic Island colony were weighed daily from the 
commencement of fledging (early February) in the 1987/88 season until 21 February 
1988, when the author departed the area. This period encompassed the majority of the 
fledging period. Chicks were weighed (to the nearest 25 g) as they milled around the waters 
edge, marked with dye and released. 

These data were pooled into five-day periods. The frequency distribution of each data 
set corresponded closely with normality (K-S; p > 0.235 in all cases)(Figures 4a to 4d) and 
the mean fledging weights of the four sequential fledging periods were not significantly 
different (ANOVA; F=1.782, p=0.150), so data were pooled for sensitivity analysis. The 
frequency distribution of the combined data set conformed closely with normality (K-S; 
z=0.037, p=0.278) (Figure 4e). 

There was clearly discrepancy between the methods stipulated for CEMP data (CCAMLR 
data) and the data upon which the analyses in this report were based. In some cases our 
methods were about as rigorous as those required by the CEMP (e.g. parameters A1, A7), 
while in others they were not (e.g. parameter AS). As a result, the variances upon which the 
sensitivity analyses were based were not always representative of the variances had the data 
been collected according to the CEMP. This should be taken into account when considering the 
recommended sample sizes. 

3. SAMPLE SIZE (='SENSITIVITY') ANALYSES 

From these data it is possible to decide what sample size would be necessary if we 
wished to detect a true fluctuation in the mean of any of these parameters, at some stipulated 
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significance level, with a specified probability of the significance being found. It is 
important to realize that such an analysis of the data presented here gives an indication of the 
sample size necessary to detect a given parameter fluctuation if the data collected have a 
variance the same as that upon which the sensitivity analysis was based. If a sampling 
methodology different to that used here was employed, the variance would be effected, and the 
necessary sample size would be different. These data do however give an indication of real 
variance and allows fairly realistic estimates of sample size. 

The appropriate formula for calculating the necessary sample size to detect a given 
'true' difference between means is: 

n ~ 2(sd/,6,)2 {ta,[v] + t(1-p,[v]F 

where n the required sample size (samples per year per site) 
00 true standard deviation 
,6, the smallest true difference that is desired to detect 
v degrees of freedom for error in the ANOVA or Hest [v=r(n-1), where r 

is the number of years or replicates] 
a = significance level (Le. probability of rejecting a true null hypothesis of 

no difference among years) 
P = desired probability that a difference will be found if it is large as,6, 

(P is the statistical power) 
ta, [v] value from a two-tailed t-table with v degrees of freedom and 

corresponding to probability a, and 
t2(1-P),[v] value from a two-tailed StUdent's t-table with v degrees of freedom and 

corresponding to probability 2(1-P) 

(Sokal and Rohlf, 1981) 

This equation is solved iteratively, and calculations of the necessary sample sizes for 
detecting differing degrees of change in the mean, at different levels of statistical 
significance and power are given for these various parameters in the Tables 2 to 7. The 
effect of number of years of sampling on the required sample size is also considered. 

4. SUMMARY 

Before continuing field work aimed at providing monitoring information it is 
important to assess with whatever data available the degree of annual variation in these 
breeding biology parameters. This will assist in deciding the minimum change in any 
parameter that it is desirable to be able to detect. Some information has recently become 
available in this respect (see Croxall et al., 1988) and should be considered as future 
monitoring strategies are considered. With information such as that provided in this report 
it is possible to then decide on the sample sizes required to detect changes in specific 
parameters. 

The development of annual indices for each parameter, on which to base comparisons, 
was discussed in the "Instructions for the Preparation of Sensitivity Analyses" provided by 
CCAMLR. For monitored parameters that give five-day running means (Parameters A 1, AS 
and A7), it is suggested that the annual index derived should reflect the importance of each 
five-day period in calculation of the annual mean. In this report, the only parameter for 
which data were collected over five-day periods was Parameter A7 (fledging weight). As no 
significant difference was detected among five-day periods, the mean value from randomly 
weighed fledglings or from a single five day period will probably serve as a suitable annual 
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index. Further data and analysis is required before a suitable annual index for the other two 
parameters in this category can be decided. 

For Parameters A2 and A6 the suggested annual index upon which to base comparisons 
was the mean of the data. This was the basis of the sensitivity analysis for these two 
parameters in this report and is the obvious index to use. 

The sensitivity analyses presented here provide those sample sizes for arbitrarily 
chosen levels of fluctuation, however, the variances of the parameters themselves will 
enable calculation for any desired level of detection. 
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Table 1: Counts of surviving chicks in Magnetic Island study colonies - late January 
1989. Number of independent counts (n), mean (x), and standard deviation (sd) 
are indicated. 

Colony n x ro 
1 5 162 3.03 
2 3 53 1.00 
3 4 104 6.38 
4 4 74 3.74 

Table 2: Parameter A1: Adult weight on arrival at breeding colony (1987 data). 
Sample size = number of arriving penguins that must be weighed. 

Statistical Power (P) 

0.6 0.8 

Sample sizes required for two years of monitoring and a = 0.05 

(5%) 42 66 
Smallest Difference (d) (1 0%) 1 2 1 9 
(% Current Value) (20 %) 5 5 

(30%) 2 3 

Sample sizes required for five years of monitoring and a = 0.10 

Smallest Difference (d) (5 %) 30 51 
(% Current Value) ( 1 0 %) 9 1 4 

Table 3: Parameter A2: Length of the first incubation shift (males). 
Sample size = number of nests that must be monitored. 

Statistical Power (P) 

0.6 0.8 

Sample sizes required for two years of monitoring and a = 0.05 

Smallest Difference (d) ( 1 0 %) 34 54 
(% Current Value) (20 %) 9 1 4 

(30%) 5 7 

Sample sizes required for five years of monitoring and a = 0.10 

Smallest Difference (d) (10%) 33 53 
(% Current Value) (20 %) 9 1 4 

(30%) 4 6 
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Table 4: Parameter A2: Length of the first incubation shift (females). 
Sample size = number of nests that must be monitored. 

Statistical Power (P) 

0.6 0.8 

Sample sizes required for two years of monitoring and a = 0.05 

Smallest Difference (d) ( 1 0 %) 24 38 
(% Current Value) (20 %) 7 1 0 

(30%) 4 5 

Table 5: Parameter AS: Duration of foraging trips (post-hatching trip 1). 
Sample size = number of nests that must be monitored. 

Statistical Power (P) 

0.6 0.8 

Sample sizes required for two years of monitoring and a = 0.05 

Smallest Difference (d) (10%) 165 264 
(% Current Value) (20 %) 42 67 

Table 6: Parameter A6: Breeding success. 

0.9 

51 
1 4 

7 

0.9 

352 
89 

Sample size = number of independent counts of colony that must be made. 

0.6 

Statistical Power (P) 

0.8 

Colony 3 - late January chick counts 

Sample sizes required for two years of monitoring and a = 0.05 

Smallest Difference (d) ( 1 0 %) 5 7 
(% Current Value) (20 %) 

Colony 4 - late January chick counts 

Sample sizes required for five years of monitoring and a = 0.10 

Smallest Difference (d) ( 1 0 %) 4 5 
(% Current Value) ( 1 0 %) 

0.9 

9 
3 

7 
2 
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Table 7: Parameter A7: Chick weight at fledging (2 to 21 February 1988). 
Sample size = number of fledging chicks that must be weighed. 

Statistical Power (P) 

0.6 0.8 

Sample sizes required for two years of monitoring and a = 0.05 

(5%) 71 113 
Smallest Difference (d) (1 0 %) 21 33 
(% Current Value) (20%) 6 8 

420 

0.9 

150 
43 
1 0 



40 

a n = 102 
x=5.9 

sd = 0.6 
30 

? 
~ 
;:j 
0 
u 
'-' 
>-. 20 u 
~ 
~ 
;:j 
eT 
~ 
I-< 
~ 

10 

0-,111---
4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 

17 Oct 1987 

40 

b n = 100 
x=5.8 

sd = 0.6 
30 ,.-.. --C 

;:j 
0 
u 
'-' 
>-. 

20 u 
C 
~ 
;:j 
eT 
~ 
I-< 
~ 

10 

0-+----
4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 

17 Oct 1988 

Figure 1: Frequency distribution of Adelie penguin arrival weight data (kg). 

a. 17 October 1987 
b. 17 October 1988 
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Figure 2: Frequency distribution of Adelie penguin first incubation shift lengths (days). 

a. Turner colony - male 
b. Turner colony - female 
c. East colony - male 
d. East colony - female 
e. Both colonies - male 
f. Both colonies - female 
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Figure 3: Frequency distribution of Adelie penguin first post-hatch foraging trip lengths. 
Sexes and colonies combined. 
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Figure 4: Frequency distribution of Adelie penguin chick fledging weights (kg). 

a. 2 to 6 February 1988 
b. 7 to 11 February 1988 
c. 12 to 16 February 1988 
d. 17 to 21 February 1988 
e. 2 to 21 February 1988 combined 
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Parametre A 1: Poids des adultes a I'arrivee a la colonie de reproduction 
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Distribution de frequence de duree du premier tour d'incubation du manchot 
Adelie (jours) 

a. Colonie Turner - males 
b. Colonie Turner - femelles 
c. Colonie Est - males 
d. Colonie Est - femelles 
e. Les deux colonies - males 
f. Les deux colonies - femelles 

Distribution de frequence de duree de la premiere sortie alimentaire apres 
eclosion du manchot Adelie. 
Sexes et colonies combines. 

Distribution de frequence de poids des jeunes manchots Adelie a la premiere 
mue (kg). 

a. du 2 au 6 fevrier 1988 
b. du 7 au 11 fevrier 1988 
c. du 12 au 16 fevrier 1988 
d. du 17 au 21 tevrier 1988 
e. du 2 au 21 fevrier 1988 combines 
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T a6JIH~a 3: 

Ta6JIH~a 5: 

PHCYHOK 1: 

PHCYHOK 2: 

PHCYHOK 3: 
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CnHCOK Ta6JIH~ 

Pe3YJIbTaTbI Y4eTa 4HCJIeHHOCTH BbDKHBWHX nTeH~OB B H3Y4aeMblx 

KOJIOHH5IX Ha OCTpOBe MarHeTHK. YKa3aHO KOJIH4eCTBO OT,l(eJIbHbIX 

nO,l(C4eTOB (n), Cpe,l(HHe BeJIH4HHbI (x) H CTaH,l(apTHOe OTKJIOHeHHe (sd). 

IIapaMeTp A 1: Bec B30CJIbIX oco6eH no npH6bITHH B rHe3,l(OBYIO 

KOJIOHHIO (no ,l(aHHbIM 1987 r,). 
Pa3Mep npo6bl = 4HCJIO npH6bIBaIOlllHx B KOJIOHHIO nHHrBHHOB, 

KOTopble ,l(OJI)I{Hbl 6blTb B3BeWeHbl. 

IIapaMeTp A2: npO,l(OJI)I{HTeJIbHOCTb nepBoH HHKy6a~HoHHoH CMeHbl 

(caM~bl). 
Pa3Mep npo6bl = 4HCJIO rHe3,l(, 3a KOTOPblMH CJIe,l(yeT BeCTH 

Ha6JIIO,l(eHH5.I. 

IIapaMeTp A2: npo,l(OJI)I{HTeJIbHOCTb nepBoH HHKy6a~HoHHoH CMeHbl 

(caMKH). 

Pa3Mep npo6bl 4HCJIO rHe3,l(, 3a KOTOPbIMH CJIe,l(yeT BeCTH 

Ha6JIIO,l(eHH5.I. 

IIapaMeTp AS: npO,l(OJI)I{HTeJIbHOCTb nepHO,l(OB KOpMJIeHH5I (nepBbIH 

nocTHHKy6a~HoHHbIH nepHO,l( KOpMJIeHH5.I). 

Pa3Mep npo6bI 4HCJIO rHe3,l(, 3a KOTOPbIMH CJIe,l(yeT BeCTH 

Ha6JIIO,l(eHH5.I. 

IIapaMeTp A6: penpO,l(YKTHBHbIH ycnex. 

Pa3Mep npo6bl = Heo6xo,l(HMOe KOJIH4eCTBO OT,l(eJIbHbIX nO,l(C4eTOB 

4HCJIeHHOCTH KOJIOHHH. 

IIapaMeTp A7: Bec nTeH~OB npH onepeHHH (2-12 <f>eBpaJI5.I 1989 r,). 
Pa3Mep npo6bl = KOJIH4eCTBO Onep5.lIOlllHXC5.I nTeH~oB, KOTOPblX 

CJIe,l(yeT B3BeCHTb. 

CnHCOK PHCYHKOB 

llaCTOTHoe pacnpe,l(eJIeHHe Beca nHHrBHHOB A,l(eJIH no npH6blTHH B 

KOJIOHHIO (Kr). 

a. 17 OKT5.l6p5.1 1987 r. 
b. 17 OKT5.l6p5.1 1988 r. 

llaCTOTHoe pacnpe,l(eJIeHHe npO,l(OJI)I{HTeJIbHOCTH (B ,l(H5IX) nepBoH 

HHKy6au.HoHHoH CMeHbl nHHrBHHOB A,l(eJIl1. 

a. KOJIOHH5.I TepHep - caM~bl 
b. KOJIOHH5.I TepHep - caMKH 

C. KOJIOHH5.I BocTo4Ha5.1 - caM~bl 
d. KOJIOHH5.I BocTo4Ha5.1 - caMKH 

e. o6e KOJIOHHH - caM~bl 
f. o6e KOJIOHHH - CaMKl1. 

llaCTOTHoe pacnpe,l(eJIeHHe npO,l(OJI)I{HTeJIbHOCTH nepBoro 

nocTHHKy6a~HoHHoro nepHO,l(a KOpMJIeHH5.I B Mope nHHrBHHOB 

A,l(eJIH. IIOJI H KOJIOHHH COBMeII\eHbl. 



PI1CYHOK 4: 

Tabla 1: 

Tabla 2: 

Tabla 3: 

Tabla 4: 

Tabla 5: 

Tabla 6: 

Tabla 7: 

Figura 1: 

Figura 2: 

qacToTHoe pacnpe,l{eJIeHl1e Beca nTeHll;OB nl1HrBI1Ha A,l{eJII1 npl1 
OnepeHI1H (B Kr). 

a. 2-6 <peB. 1988 r. 
b. 7-11 <peB. 1988 r. 
c. 12-16 <peB. 1988 r. 
d. 17-21 <peB. 1988 r. 
e. 2-21 <peB. 1988 r. COBMeCTHO. 

Lista de las tablas 

Cuentas de los polluelos sobrevivientes en las colonias de estudio en la Isla 
Magnetic - a finales de enero 1989. Se indica numero de cuentas 
independientes (n), media (x) y desviaci6n cuadratica media (sd). 

Parametro A 1: Peso del ejemplar adulto a la lIegada a la colonia de 
reproducci6n (datos de 1987). 
Tamafio de la muestra = numero de pingOinos que deben ser pesadosa la 
lIegada. 

Parametro A2: Duraci6n del primer turno de incubaci6n (machos). 
Tamafio de la muestra = numero de nidos que deben ser observados. 

Parametro A2: Duraci6n del primer turno de incubaci6n (hembras). 
Tamafio de la muestra = numero de nidos que deben ser observados. 

Parametro AS: Duraci6n de los viajes de alimentaci6n (primer viaje despues 
del empolle). 
Tamafio de la muestra = numero de nidos que deben ser observados. 

Parametro A6: Exito de reproducci6n. 
Tamafio de la muestra = numero de cuentas independientes de la colonia que 
deben ser hechas. 

A7: Peso del polluelo al emplumaje (2 al 21 de febrero 1988). 
Tamafio de la muestra = numero de polluelos emplumando que deben ser 
pesados. 

Lista de las figuras 

Distribuci6n de la frecuencia de los datos de peso de lIegada (kg) del pingOino 
Adelia. 

a. 17 octubre 1987 
b. 17 octubre 1988 

Distribuci6n de la frecuencia de la duraci6n (dias) del primer turno de 
incubaci6n del pingOino Adelia. 

a. colonia Turner - macho 
b. colonia Turner - hembra 
c. colonia Este - macho 
d. colonia Este - hembra 
e. ambas colonias - macho 
f. ambas colonias - hembras 
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Figura 3: 

Figura 4: 
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Distribucion de la frecuencia de la duracion del primer viaje de alimentacion 
despues del empolle del pingOino Adelia. Colonias y sexos combinados. 

Distribucion de la frecuencia de los pesos al emplumaje (kg) de los polluelos 
del pingOino Adelia. 

a. 2-6 Feb. 1988 
b. 7-11 Feb 1988 
c. 12-16 Feb. 1988 
d. 17-21 feb. 1988 
e. 2-21 Feb. 1988 combinados. 


