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It is often not practica l o r  desirable to co llect birds to assess the ir  body 
mass. The A bd o m in a l Profile Index (API), developed by Owen (1981), is an 
a lternative method that can be used w ithout capturing o r  co llect ing an i­
mals. The w e ight and AP I  scores (from 0 - 4  points) of captive Hawaiian 
Geese Branta sandvicensis  w ere  recorded every two w eeks fo r  a year. API 
w as s ign ificantly  correlated w ith mass and m irro red  even m in or  changes 
in this parameter. The correspond ing mass change per half  point on the 
A P  index was 85g for fem ales and 115g for males during the n o n -b re e d -  
ing season. Th is  is equivalent to 4.0 %  of the female and 4.8 %  of the 
male mean body m ass during  the non -breed ing  season.
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The quantification of an an im a l’s 
likelihood of surviving and reproducing 
is a com m on goal for an im al ecologists. 
Th is  likelihood is often measured in 
te rm s  of an estimate of the animal's 
health or condit ion. There are a n u m ­

ber of indirect methods available for 
est im ating  body condition, including 
the a ssessm e n t of e n ergy  reserves 
such as mass (by weigh ing, Ebbinge,
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1989), protein reserves (via ultrasound 
scans, Sears 1988), lipids (with total 
body e lectr ica l conductivity, Roby 1991) 
and/or steroids and nutrients through 
blood or tissue sam pling  (eg Butler,  
1991). Weighing body mass is probably 

the most w idespread and most easily 
accomplished indirect method. A  co m ­
mon problem with these methods is 
that the an im als  have to be caught and-

W iLdfow l (2002) 53: 67-77



68 Body mass and API in captive Hawaiian Geese

handled. Th is  can have a tem porary  
negative effect on overall condition (eg 
Westneat et al. 1986; W il l iam s et at. 
1993).

Owen (1981) introduced an a lte rna ­
tive method to determine body mass in 
geese w ithout repeated interference 
with the animal: the Abdom ina l Profi le 
Index (API). This index is thought to 
reflect the a m o u n t of accum ula ted  
abdom inal fat. Since abdom inal fat is a 
good ind ica tor  of overa l l  body fat 
(Th o m as  & M a inguy  1983), Owen 
argued that the AP I  probably gives a 
useful estimate of the overall body 
mass of individual geese. The method 
a llows repeated assessm ents  of indi­
vidually marked birds, so that variation 
in 'fatness' can be tracked on a te m p o ­
ral and spatial scale. The non-invasive 
nature of this method makes it particu ­
larly useful for situations when direct 
assessm ent of body mass, fat and con­
dition is not desirable or possible.

Over the last 15 years the usefu l­
ness of the API has been shown in 
many aspects of w a te rfow l ecology, for 
instance in describ ing the profitability 
of foraging with in a season (Owen 1981 ; 
van Eerden et al. 1991), between years 
[Owen & Black 1989; B ow ler 1994) and 
habitats (Black et at. 1991 ; Mayes 1991 ; 
Boyd & Fox 1995), in different social 
classes (Black & Owen 1989) and in 
relation to specific energetic require­
m ents  (Loonen et at. 1991) or 
examining other aspects with respect 
to site m anagem ent [Madsen 1994/5). 
Flowever, one of the reasons w h y  the 
AP I  has been quest ioned by som e

workers ,  is the fact that it is a subjec­
tive a ssessm e n t,  not a d irect 
m easurem ent of body mass.

In spite of the method's widespread 
use, the assum ed correlation between 
AP I and body mass has not been ve r i ­
fied. The first aim of this study w as to 
establish a correlation between AP I and 
body mass throughout the annual cycle 
in a goose. The second goal was to 
describe the nature of the correlation, 
thus providing a stepwise method for 
f ie ldw orkers  to calculate mass (grams) 
from AP I data collected in the wild . The 
study w as carried out on a captive flock 
of Hawaiian Geese (or Nene), where 
size data were available, and the nature 
of which made it possible to obtain 
mass m easurem ents  without handling 
the study birds. A ssum ing  that the data 
collected in captivity are representative 
of the species, the method for convert­
ing AP I scores into g ram s described 
here can be used as a ground rule for 
calculating body mass from AP I in the 
wild.

Methods

The captive flock of Hawaiian Geese 
at The  W ild fo w l & W et lands  Trust,  
S lim bridge, G loucestershire, UK, con­
sisted of about 200 individually marked 
birds. The geese roamed a 44 ha preda­
to r -p ro o f  enclosure and spent 10.3% of 
the ir day eating grain and 10.4% g raz ­
ing grass lawns Loiium  sp. and Poa sp. 
(Black et at. 1993; unpubl.  data). At the 
beginning and middle of each month 
from N ovem ber 1992 to October 1993
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the geese were weighed to the nearest 
10g by coaxing  ind iv idua ls  onto a 
portab le  scale (M arsden D ig ita l 
W eighing  Scale, m odel DI-10) using 
grain or bread as bait. The API was 
taken, without handling the birds, by 
examining the full lateral v iew of the 
goose in a head-down posture, making 
sure that the body of the goose w as not 
ti lted d ow nw ard  (Owen 1981). AP I 
scores  w ere  a lw ays  taken before 
weighing  to avoid bias.

Owen (1981) d e scr ib e s  the four  
point index as stra ight (1), convex (2), 
rounded (3) and sagging (4). Another 
m ajor point was introduced w here con­
cave abdomens were attr ibuted with a
(0). Abdom ina l profiles between these 
five m ajor points were given an in ter­
mediate m inor point, resulting in a total 
of nine index points (Figure 1). In this

study and those conducted  in 
Helgeland, N orw ay  (B lack et at. 1991; 
Prop & Black, in press), w here  the birds 
were close and seen on a near daily- 
basis, it w as possible to detect changes 
in profile development on an even finer 
scale, with 10 intermediate points 
between each of the major index points (0 

to 4).
P rofi les w ere a lso independently  

taken by two observers w ithin two days 
of the m ass m e a su re m e n t.  In the 
analysis, the mean of the ratings by 
both observers w as used. In 90% of the 
cases the d ifference between A P Is  
scored by two observers was 0.6 and a 
S p ea rm a n  rank test of b i -m o n th ly  
means for both observers w as s ign ifi ­
cant in both sexes (rs=0.63, P<0.02, 
n=16 for females; r s=0.776, P<0.001, 
n= 16 for males). It w as not a lways pos­

▼ 3 = convex T /T 3.5 T /T 4 = sagging

Figure 1. The nine main Abdominal Profile Index scores for Hawaiian Geese lafter owen 19811.
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sible for  observers to take the AP I on 

the same day (within two days of each 
other) which might account for som e of 
the differences in scoring.

Size w as determined by Principal 
C o m pon e n t A n a lys is  using the first 
p rincipal com ponent (PC1) comprised 
of tarsus and sku ll  length (Rising & 
S o m e rs  1989; F reem an & Ja c k so n
1990). To correlate mass and AP I inde­
pendent of body size, in a first step 
mass was regressed against size for 
each m easurem ent taken. In a second 
step the resulting residual mass was 
regressed against the corresponding 
AP I value, giving a correlation between 
mass and API that was corrected for 
individual size. Th is  regression allowed 
attribution of a residual mass value to 
each AP I score. To achieve a 'realistic ' 
mass m easurem ent, the mass of an 
'average' S l im bridge Flawaiian goose 
was added to the equation. The 'aver­
age ' male and fem ale  m ass w as 
ca lcu lated  by re g re ss in g  the mean 
annua l m ass (for each individual) 
against size (of each individual) for 
each sex.

The resulting equation for convert­
ing AP I values into mass thus consisted 
of two regression te rm s  added togeth ­
er; the first describ ing the regression 
between residual mass and API,  and 
the second describ ing the regression 
between the 'average ' mass and size of 
individuals in the study population.

Differences in response over time 
were fitted in genera l l inear models 
with mass as the response variable, 
time as factor and API as covariant.

Results

The mean AP I and mean mass (cor­
rected for size) for each tw o -w e e k  
interval w ere  highly positively co rre la t ­
ed for both sexes (rs=0.755, P<0.001, 
n=24 for females; rs=0.611, P<0.002, 
n=24 for males). The AP I appears to 
match even m inor changes in mass on 
a tem pora l scale (see Figure 2). Mass 
and AP I w ere also significantly co rre ­
lated in ind iv iduals  for  both males 
[binomial test, 12 of 14-, P<0.01 (11), 
P<0.05 (1)] and females (b inom ial test, 
13 of 14, P<0.001).

Due to the great variation in body 
m ass associated  w ith  reproduct ive  
activities, the data were divided into 
breeding (January  to May) and non ­
breeding seasons (June to December) 
for both sexes. A t S lim bridge, female 
Flawaiian Geese increased in mass in 
Jan u ary  in preparation for nesting; first 
eggs were laid at the beginning of 
February, and last c lutches were co m ­
pleted around m id -M a rc h  (Kear & 
B erger,  1980). The hatching  period 
lasted from m id -M arch  to m id -A pr i l .  
During the breeding season male mass 
peaked app ro x im a te ly  two w ee ks  
before that of females and changes 
were not as pronounced as those in 

females, but the changes w ere different 
from changes in male mass in the non­
breeding  season (analys is  of 
covariance; P ?=9.26; P<0.002; ^=0.404). 
The relationship between mass and API 
w as l inear for  males and females d u r ­
ing the non -breed ing  season (June to 
December) w ith no differences between
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Figure 2. Mean mass (circles] and mean API (squares) for each half-month for female and male 
Hawaiian Geese at Slimbridge (sample sizes are indicated above each point and apply to both mass and
API).

months (Figure 3). During the breeding 
season the relationship w as quadratic 
for females and the curve levelled out 
at AP I score of four. This asymptote 
means there was very little actual gain 
in mass between scores 3.5 and 4. 
A ltho ugh  the re lationship for males

remained l inear during the breeding 
season, s lopes differed between the 
f irs t two m o nths  (Ja n u a ry  and 

February) and the rest of the breeding 
season (March to May) (analysis of 
covariance; F-¡=29.28; P<0.0001; 
r M J . 616).
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Figure 3. Corelation between API and residual mass (ie mass corrected for size] for females and males. 
Individual birds can be represented more than once in each graph.

The change in m ass (g) associated 
with each of the nine m inor and m ajor 
unit changes in the AP I  scale were est i­
mated for both sexes at different times 
of the year (Table 1) using an equation 
consisting of two te rm s:  one describing 
the regression between residual mass 
(mass corrected for size) and API,  and 
added to this, a second te rm  describing 
the regression between the ’average’ 
mass and size of individuals in the

study population (see Methods). This 
a llows the calculation of mass from 
known profiles and includes a general 
size correction.

The calculated average gain in mass 
for males w as 115g per 0.5 AP I step 
and 85g for fem ales in the non -b re ed -  
ing season (Table 2). During  the 
different parts of the breeding season 
the calculated mass gain per API step 
covered a w ide range in both sexes; eg
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Table 1. Expressions used to calculate body mass from API scores for both sexes of Hawaiian 
Geese using the form ula: Total mass=(residual mass regressed against API)+(mean annual 
mass regressed against size); eg for average sized males and the API score of 2.5 during the 
non-breeding season: Mass=(0.0266 χ 126.51 - 1.04-1+10.23 χ 2.5-0.3671=2.53kg. Standard 
errors for the regression coefficients are shown in parentheses.

M ales Fem ales

Time o f  year

Residual Mass 
regressed against 

API

Mean Annual 
mass regressed 

against size

Residual Mass 
regressed against 

APi

Mean Annual 
mass regressed 

against size

N o n -b re e d in g 0 .2 3 xA P I-0 .3 6 7  

(±0.006) (±0.008)

0 .0 26 6xsizea -1 .04  

(±0.008) (±0.093)

0 .1 7 2 xAP I-0 .2 8 6  

(±0.0101 (±0.013)

0 .0 24 1xsizea-0.704 

(±0.011) (±0.102)

B re e d in g

J a n -F e b

(p re -la y in g )

0 -1 1 2 x A P I-0 .1 61 

(±0.017) (±0.021)

0 .0 26 6xsizea-1 .04 

(±0.008) (±0.093)

0 .0 7 6 9 xA P I2+ 0 .5 7 2 xA P I-0.807  

(±0.008) (±0.016) (±0.016)

0.0241 x s iz e a-0 .704 

(±0.011) (±0.102)

M a rch

(in cu b a tio n )

0 .3 0 7 xAP I-0 .5 5 5  

(±0.0121 (±0.0161

0 .0 26 6xsizea-1 .04 

(±0.008! (±0.093)

0 .0 7 6 9 xA P I?+ 0 .5 7 2 xA P I-0 .807 

(±0.008) (±0.016) (±0.016

-0 .00 3xsize+2 .2 6  

(±0.022) (±0.15)

A p r i l

(h a tch in g )

0 .3 0 7 xAP I-0 .5 5 5  

(±0.012) (±0.016)

0 .0 26 6xsizea-1 .04 

(±0.008) (±0.093)

0 .0 7 6 9 xA P I2+ 0 .5 7 2 xA P I-0 .807 

(±0.008) (±0.016) (±0.016

-0.04 81 xsize+ 7.55  

(±0.031) (±0.301)

M ay

(p o s t -h a tc h in g )

0 .3 0 7 xAP I-0 .5 5 5  

(±0.012) (±0.016)

0 .0 26 6xsizea-1 .04 

(±0.008) (±0.093)

0 .0 7 6 9 xA P I‘’+ 0 .57 2xAP I-0 .8 07  

(±0.008) (±0.016) (±0.016

-0 .0068xsize+2.95  

(±0.027! (±0.247)

a A v e ra g e  s ize  o f S lim b r id g e  H a w a iia n  G e e se : P C I = 126.51 ± 0.098 (n=88) fo r  m a le s

P C I = 119.49 ± 0.11 (n=62) fo r  fe m a le s

in females from 30g (3 to 3.5 in March) 
to 380g (0.5 to 1 in March).

In males the genera l relationship 
between m ass and s ize  (’average 
goose') w as l inear and remained the 
same throughout the year (sm all males 
weighed less than large males). The 
same regression te rm  w as  therefore 
used to describe the ’average ’ male in 
both seasons (Table 1). In females, the 
re lationship between m ass and size 
varied significantly in March, A p r i l  and

May (Zill ich & Black, unpublished data) 
from the rest of the year, necessitating 
separate regression analyses for these 
m o nths  to d escr ibe  the ’a v e ra g e ’ 
female (Table 1).

Discussion

This study supports  O w e n ’s orig inal 
assessm ent that the AP I can be a use­
ful and accurate tool to m onitor mass
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Table 2 Estimated body mass (kg) tor nine API scores for Hawaiian Geese raised at 
Slimbridge. Scores/masses that are unlikely to occur In the field are shown in parentheses.

Males Females

Non­ Breeding Non­ Breeding

API breeding Jan-Feb Mar-May breeding Jan-Feb March April May

0 (1.95) 2.16 1.77 [1.89] [1.37] 1.09 1.00 1.33

0.5 [2.06] 2.19 1.92 [1.98] [1.64] 1.36 1.30 1.62

1 2.18 2.27 2.08 2.06 1.86 1.74 1.64 1.83

1.5 2.29 2.34 2.23 2.15 2.05 1.78 1.68 2.02

2 2.41 2.41 2.38 2.23 2.21 1.93 1.83 2.17

2.5 2.53 2.47 2.54 2.32 2.31 2.04 1.94 2.28

3 2.64 2.53 2.69 2.41 2.39 2.12 2.02 2.35

3.5 [2.75] [2.59] [2.84] [2.49] 2.43 2.15 [2.06] [2.39]

4 [2.87] [2.65] [3.00] [2.58] 2.43 2.15 [2.05] [2.39]

variation. A lthough  the sam pling  e rro r  
with the AP I technique is g reater than 
with actual body m ass measurem ents, 
the AP I m irro rs  variations in body mass 
c lo se ly  and it is a lso su itab le  for 
assessing mass change over shorte r 
periods of tim e (eg several days). The 
c lose co rre la t io n  between A P I  and 
mass is evident on both the popula ­
tion/flock level and the individual level.

A  possible explanation for the qua­
dratic relationship between mass and 
AP I for breeding fem ales is that this 
w as the only time that the full range of 
AP I scores (0 to 4) was observed. API 
scores of males throughout the year 
and fem ales during the non-breeding

season were norm ally  limited to the 
scale between one and three.

The fact that there w as little or  no 
gain in mass from  AP I score 3.5 to 4 
m ay be due to the formation of the 
eggshe ll  in the oviduct (between 12 to 
18 hours in birds in general) . The data 
su p p o rts  the prediction that the 
increase in ab d o m in a l  profi le  in 
fem ales is not only due to accum ulation 
of fat but also to the en largem ent of the 
reproductive tract (Owen 1981; Boyd & 
Fox 1995). A nkn ey  (1984) reported that 
ovary and oviduct m ass in Brant 
declined by 92% and 55% respectively  
from  prelaying to postlaying. In the 
study, one female w as classed as AP I 4
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in the morn ing  and, after Laying an egg, 
as AP I 2 in the afternoon. Th is  su gg e s t ­
ed that the increase in AP I  h igher than 
three indicated the laying status of a 
goose rather than an increase in body 
mass, which would also explain the fact 
that males never seemed to acquire an 
AP I h igher than three. It should also be 
considered that an AP I la rg er  than 
three would  only occur pr io r  to the first 
two eggs a Hawaiian Goose lays. A fte r  
that the weight loss w as reflected in the 
AP I and a sagging abdominal profile 
was seen only im m ediate ly  pr ior to egg 
laying.

It re m a ins  u n c le a r  w h y  male 
Hawaiian Geese gain s ignificantly less 
mass per AP I category during the first 
two months of the breeding season 
(pre-laying and laying) than the last 
three months. One possible factor con­
tributing to this phenomenon m ay be a 
change in the body composition during 
this time. It has been shown that the 
body composit ion of geese changes 
during the different phases of their 
annual cycle (eg Ankney  1984; Gauthier 
et al. 1992). Generally  the am ount of 
stored fat varies more than the amount 
of protein and/or m usc le  (Hobaugh 
1985; Gauthier 1992), a lthough changes 
in both might be equally important d u r ­
ing the breed ing  season (Raveling 
1979). Further  research is needed to 
d e te rm in e  the co rre la t io n  am ong 
abdom inal fat, total fat and API.

The AP I can be applied to other 
species if variances in body shape and 
ecology (migration, short breeding sea ­
son etc.) are taken into account. A  study

on Barnacle Geese (Prop & Black 1998) 
suggests that the increase in mass per 
half point on the A P  index in other 
species of geese is s im i la r  to that of the 
Hawaiian Goose. Fem ale  B arnac le  
Geese gained on average 85g of body 
m ass per half point (20g per day, 
increase of 3.5 steps in 15 days) when 
feeding on a g r ic u l tu ra l  land. These 
conditions could be compared to the 
ad. lib. feeding condit ions in the study 
population.

In conclusion, it is problematic to 
obtain an assessm ent of mass, and 
thus ind irect ly  of condition, in wild 
Hawaiian Geese because of the sm all  
num ber of birds and difficult geog ra p h ­
ical features of the ir  habitat. With the 
API method, birds do not have to be 
approached and can be assessed from 
long distances. It is a useful tool to pro ­
vide in form ation  fo r  instance about 
reproductive status of individuals and 
the genera l 'condition' of a population. 
This information can be vital to d ete r ­
m ine the m a n a g e m e n t  of both the 
species and the ir habitat.
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