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APPENDIX 1.  

Statistical Endnote 

Rather than break up the text of the graph legends, it was considered more appropriate to collate all the statistical 
material relating to the presented graphs in one place.  There follows the statistics associated with these figures, 

identified by the superscript codes in the text.  For ease of comprehension, all significant relationships (P < 0.05) are 

highlighted by shading in appropriate boxes in the following tables. 
 
1
Figure 3.1 Body mass determinations with capture date in winter from Wexford southeast Ireland, combining data 

from all years 1984-1999 inclusive. 
 

Polynomial regressions were fitted on the basis of the simplest significant model that fitted the data and explained most 

variance in the analysis of variance. Mass is measured in g and t expressed in days from 1 October: 

  

Age sex class Regression model R df F P 

Adult males Mass  = 2786 – 2.861t+0.0213t2 0.308 1,291 15.22 <0.001 

Adult females Mass  = 2513 - 0.889t+0.0513t2+0.00010t3 0.436 1,269 20.80 <0.001 

Juvenile males Mass  = 2507 – 1.279t+0.0151t2 0.341 1,351 22.96 <0.001 

Juvenile females Mass  = 2231 – 1.630t+0.0318t2+0.00018t3 0.395 1,311 19.0 <0.001 

      

2
Figure 4.1 Changes in body mass with capture date in Iceland, spring 1999. 

 

Simple linear regressions were fitted.  Mass is measured in g and t expressed in days from 1 April 

 

Sex class Regression model R df F P 

Adult males Mass  = 2152.9 + 30.1t 0.515 1,29 10.48 0.003 

Adult females Mass  = 2021.8 + 24.6t 0.453 1,19 4.91 0.039 

    

3Figure 4.2 Relationship between field score of abdominal profile and body mass at capture in Iceland, spring 1999. 

 

Simple linear regressions were fitted.  Mass is measured in g and API in standard units 

 

Sex class Regression model R df F P 

Adult males Mass  = 2377.7 + 285.1API 0.661 1,28 21.78 <0.001 

Adult females Mass  = 2210.4 + 228.8API 0.535 1,19 7.61 0.012 

    

4Figure 6.1 Changes in the percentage of juveniles in the autumn counts at Wexford and Islay during 1983-1999 

inclusive. 

 

Simple linear regressions were fitted on arc sine square root transformed proportion data.  %J represents transformed 

proportion juveniles, and t is measured in years since 1982.  

 

Wintering site Regression model R df F P 

Wexford %J  = 0.500 – 0.0120t 0.660 1,16 11.49 0.004 

Islay %J  = 0.413 – 0.0024t 0.155 1,16 0.37 0.552 
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5
Figure 6.3 Changes in the estimated percentage of potentially breeding females returning with young in the autumn at 

Wexford and Islay during 1983-1999 inclusive.

Simple linear regressions were fitted on arc sine square root transformed proportion data.  %F represents transformed 

proportion of successfully breeding females, and t is measured in years since 1982.  
 

Wintering site Regression model R df F P 

Wexford %F  = 0.426 – 0.0109t 0.711 1,16 15.3 0.001 

Islay %F  = 0.417 – 0.0077t 0.516 1,16 5.44 0.034 

    

 
6
Figure 6.4 Changes in the estimated number of potentially breeding females returning with young in the autumn at 

Wexford and Islay during 1983-1999 inclusive. 

Simple linear regressions were fitted.  N represents number of successfully breeding females, and t is measured in years 

since 1982.  

 

Wintering site Regression model R df F P 

Wexford N = 501.9 – 13.6t 0.486 1,16 4.64 0.048 

Islay N = 309.1 + 9.9t 0.341 1,16 1.97 0.180 

    

7
Figure 6.5 Changes in the estimated number of young produced per potentially breeding female in the autumn at 

Wexford and Islay during 1983-1999 inclusive.

Simple linear regressions were fitted.  N represents mean number of young produced per potentially breeding female, 
and t is measured in years since 1982.  

 

Wintering site Regression model R df F P 

Wexford N  = 51.7 – 0.0258t 0.793 1,16 12.9 0.003 

Islay N  = 14.9 – 0.0073t 0.237 1,16 0.89 0.360 

    

8
Figure 6.6 Changes in the proportion of annual marked cohorts (of juveniles hatched in 1983-1994 inclusive) known 

to have bred successfully before 1999 based on observations at Wexford during 1983-1999 inclusive.

Simple linear regressions were fitted on arc sine square root transformed proportion data.  N represents transformed 

proportion of each cohort that has bred successfully, and t is measured in years since 1982.  Using Spearman Rank 
Correlation Coefficient gives the same results (1983-1994 rs = 0.797 P < 0.01; 1983-1991 rs = 0.568 P > 0.05) 

 

Cohorts Regression model R df F P 

1983-1994 N  = 0.421 – 0.0196t 0.749 1,10 12.8 0.005 

1983-1991 N  = 0.410 – 0.0172t 0.568 1,8 3.39 0.111 

    

9
Figure 6.8 Changes in annual mean brood size amongst flocks in the autumn counts at Wexford and Islay during 1983-

1999 inclusive. 

 

Simple linear regressions were fitted.  N represents mean brood size, and t is measured in years since 1982.  

 

Wintering site Regression model R df F P 

Wexford N = 3.687 – 0.0305t 0.482 1,16 4.23 0.050 

Islay N = 2.600 + 0.0691t 0.702 1,16 14.54 0.002 

    



429

10
Figure 6.9 Changes in the proportion of different habitat types used (per annum) by individually marked Greenland 

White-fronted Geese wintering at Wexford based on observations during 1984/85-1998/99 inclusive.

Simple linear regressions were fitted on arc sine square root transformed proportion data.  %C represents transformed 

proportion of habitat use in each year, and t is measured in years since 1983/84. 
 

Habitat type 

 

Regression model R df F P 

Reseeded grass %C = 1.255-0.0287t 0.777 1,14 19.84 <0.001 

Stubble %C = 0.148-0.0134t 0.430 1,14 2.95 0.110 

Root crops %C = 0.140+0.0253t 0.559 1,14 5.90 0.030 

Winter cereal %C = 0.218-0.0063t 0.226 1,14 0.70 0.419 

Beans %C = 0.0005-0.0042t 0.207 1,14 0.58 0.458 

    

11
Figure 8.1 Relationship between annual winter hunting mortality rate (expressed as percentage of maximum count + 

annual kill) and overall annual adult return rate of Greenland White-fronted Geese wintering at Wexford based on 

observations during 1984/85-1998/99 inclusive.

A simple linear regression model was fitted on arc sine square root transformed proportion data for both parameters.   R 

represents transformed adult annual return rate and K represents transformed annual winter hunting mortality in each 

year. 

 

Regression model R df F P 

R = 1.252-0.544K 0.503 1,22 6.45 0.020 

 

 
12Figures 8.3, 8.4. and 8.5 Annual survival and transition probabilities for Greenland White-fronted Goose caught at 

Wexford 1983/84-1997/98 - an analysis of survival and site interchange based on resightings and recoveries. 
 

Outline methods 
 
Data. During 1983-1997, 1,255 adult and juvenile White-fronted Geese were captured and marked with neck collars at 

Wexford, Ireland (Table A1), generating 36,000 resightings and 194 recoveries up to October 1998. A bird must have 

been observed twice during a season at Wexford to be included in the data set, generating 2,182 “resightings” (or bird-
years) at Wexford 1984-1997 and 323 “bird-years” from Islay (Table A1). The recovery year started on 1 October, but 

recoveries followed the birds’ annual cycle. Hence, a goose recovered in Iceland on 2 October 1987 was placed in the 

1986/87 recovery year; but if recovered in Ireland on 28 September, it was referred to 1987/88. Ten recoveries were not 

used because recovery circumstances were unclear (Table A1).  In 48 cases of known collar loss, birds were removed 

from the data set following the last date when they were observed with collar (treated as losses on capture). 

 

Analysis. MARK was used for all analyses, using the Burnham (1993) recovery-recapture model and multi-stage 

models (e.g. Hestbeck et al. 1991).  Recovery-recapture parameters were as follows: S (survival), p (resighting 

probability), r (recovery probability), F (site fidelity - complement of permanent emigration), and multi-stage 

parameters:  (apparent survival), p (resighting probability),  (transition probability, here the probability of moving 

between sites). 

 

Results 

 

Recovery-recapture analysis. Goodness-of-fit of the general model (Sa2*t, pt, rt, Fa2*t) was acceptable (  = 1.10), though 

there were indications of temporary emigration. The selected model was Sa2*t, p, rt, F (Table A2). Survival varied over 

time, independently for adults (range 0.50-0.88, Figure 8.3) and juveniles (range 0.23-0.83, Figure 8.4). Weighted mean 

annual survival was 0.678 (95% C.L. 0.632-0.720) for juveniles and 0.785 (0.762-0.805) for adults. Resighting 

probability p was 0.87, recovery probability r varied from 0.07-0.42 (weighted mean: 0.18) and fidelity probability F 

was 0.93, indicating 7% permanent emigration per year. 

 

Multi-site analysis. No goodness-of-fit test is available for this type of model, the results from the recovery/recapture 

approach were used to start from model  a2*t, pc,t,  a2*t,t. Since all birds were ringed at Wexford, no juvenile transition 

probability from Islay to Wexford could be estimated. No simplifications of the starting model were possible (Table 3). 

Apparent survival thus followed the same pattern as in the recovery-recapture analysis, and estimates were nearly 

identical: weighted mean annual survival was 0.667 (95% C.L. 0.627-0.705) for juveniles and 0.763 (0.745-0.780) for 

adults. Resighting probability p was constant (0.96) at Wexford and variable (range 0.28-0.82) at Islay. Transition 
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probabilities were variable both for juveniles and adults from Wexford to Islay and for adults from Islay to Wexford 

(Figure 8.5; all birds were marked at Wexford, so no juveniles were available to move from Islay to Wexford). 
Weighted means were: Wexford Islay (adults) 0.084 (0.071-0.100); Wexford Islay (juveniles) 0.127 (0.095-0.168); 

Islay Wexford 0.176 (0.140-0.219). 

 

Table A1. Numbers of Greenland white-fronted geese marked, resighted (twice at Wexford, once at Islay) and 

recovered 1983-1997. 

 

  Resighted  

Season Marked Wexford Islay Recovered 

1983/84 40   4 

1984/85 161 21 2 12 

1985/86 135 100 8 18 

1986/87 95 157 15 19 

1987/88 93 138 17 16 

1988/89 110 183 14 10 

1989/90 58 194 36 25 

1990/91 83 152 23 12 

1991/92 83 164 22 4 

1992/93 94 170 23 15 

1993/94 100 180 19 9 

1994/95 69 197 37 16 

1995/96 45 201 33 7 

1996/97 60 161 46 11 

1997/98 29 164 28 6 

Total 1255 2182 323 184 

 

Table A2. Model selection for the combined analysis of recoveries and resightings. 

 

Model QAIC Akaike weight 

Sa2*t, p, rt, F 0 0.767 

Sa2*t, pt, rt, F 3.81 0.114 

Sa2*t, p, r, F 3.92 0.108 

Sa2+t, p, rt, F 9.06 0.008 

Sa2*t, p, rt, Ft 11.38 0.003 

Sa2*t, p, rt, Fa2*t 32.93 0 

Sa2*t, pt, rt, Fa2*t 114.77 0 
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Table A3. Model selection for the multi-site analysis. 
 

Model AIC Akaike weight 

 a2*t, pc,t, a2*t,t 0 0.560 

a2*t, pc,t,  t,t 0.48 0.439 

 a2*t, pc,t,  a2,c 14.77 0.0003 

a2*t, pc,c, a2*t,t 21.10 0.00001 

a2*t, pc,t,  a2*t 30.38 0 
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