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SHORT 
COMMUNICATION

Short com m unication articles are short scientific entities often dealing with 
methodological problems or with byproducts o f larger research projects. The 
style is the same as in original articles

Field methods to assess pectoral muscle mass in moulting geese

Jens Nyeland, Anthony D. Fox, Johnny Kahlert & Ole R. Therkildsen

Nyeland, J., Fox, A.D., Kahlert, J. & Therkildsen, O.R. 2003: Field methods 
to assess pectoral m uscle mass in m oulting geese. - Wildl. Biol. 9: 155-159.

In this paper, we report two new simple field methods to assess changes in pec
toral muscle mass in live m oulting geese. In the first method, transverse chest 
profiles o f Canada geese Branta canadensis and greylag geese Anser anser were 
recorded using soldering wire. This standard measure o f the chest angle showed 
a highly significant relationship with actual pectoral muscle mass. Chest angle 
measures showed a highly significant polynomial correlation with an index of 
moult stage, i.e. length of the ninth primary (p9). This indicated an initial slight 
decline in pectoral muscle mass as p9 length increased, followed by an increase 
in muscle mass in preparation for regaining the ability to fly. In the second 
method, visual pectoral profile scores from 0 (thin pectoral muscles concave) 
to 3 (convex bulky) recorded at distances using telescope or binoculars also 
proved to be useful as a field measure o f pectoral muscle mass in moulting geese. 
Hence, the first method provides a non-consumptive means of predicting pec
toral muscle mass in m oulting geese without the need to dissect birds, and the 
second method enables field prediction of muscle mass in moulting geese with
out resort to capture of birds.
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A ll w ildfow l (w ith the excep tion  o f  the m agpie goose 
Anseranas semipalmata w hich has a g radual m oult o f  
flight feathers) undergo an annual m oult period, during

w hich all old prim aries and secondaries are shed sim ul
taneously  and rep laced  w ith new  feathers (B att 1992). 
D uring this period, birds are fligh tless and  dependent
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on habitats offering good feeding sites as well as protec
tion against predators and disturbance (Owen 1980). In 
geese Anser and Branta spp., the flightless period lasts 
ca 3-4 weeks (Owen 1980, Hohman, Ankney & Gordon 
1992) during which time the birds have no need for 
strong and well-developed flight muscles and depend on 
their legs for locomotion, either swimming or running 
from potential predators. As an adaptation to this peri
od, the pectoral muscle mass of geese initially gradu
ally decline (atrophy) with a simultaneous increase in 
the leg muscle mass (hypertrophy). The process is then 
reversed during late moult in preparation for the regained 
power of flight (for Canada geese Branta canadensis see 
Hanson (1962) and Raveling (1979); for lesser snow 
geese Chen caerulescens see Ankney (1979); for brent 
geese Branta bernicla see Ankney (1984)).

Assessment of body condition, and in particular 
major protein reserves such as flight muscles, is an 
important aspect of many avian studies. Determination 
of total avian body protein or pectoral muscle mass (e.g. 
Evans & Smith 1975) is time-consuming, costly and 
destructive, in the sense that its measurement involves 
the death of the individual. It is therefore helpful to devel
op techniques that enable the prediction of pectoral 
muscle mass from measures derived from live birds in 
the hand or free-ranging individuals in the field. In this 
paper, we investigate the correspondence between the 
shape of the chest profile measured on captured live 
geese and actual pectoral muscle mass in a sample of 
dissected greylag geese Anser anser moulting in Den
mark. We also determine whether a visual field score 
of chest profile (i.e. one applicable without necessitat
ing capture) was a good predictor of pectoral muscle 
mass, and apply the first method to a sample of Canada 
geese moulting in Greenland.

Methods

During a ringing expedition to Isunngua (67°5'N 50° 
30'W), West Greenland during 11-29 July 1997, 65 
moulting adult Canada geese were herded into corrals 
and caught during five catches. The total length (mm) 
of the ninth primary (p9) on the left wing was measured 
from the remige calamus at the skin surface to the distal 
tip of the feather (with a ruler placed between the eighth 
and ninth primaries).

Chest angle was measured perpendicular to the carina 
(keel) 2 cm from the anterior edge using a modification 
of the method described by Bolton, Monaghan & Hou
ston (1991). Feathers were gently moistened with soapy 
water in the measuring area and smoothed away to

expose the skin. A 25 cm length of solder wire (1.5 mm 
diameter) was placed on the bare skin and carefully 
pressed evenly across the chest on both sides of the keel 
simultaneously. The solder wire was then placed flat on 
a piece of paper and the shape of the angle drawn with 
a pencil directly onto the paper. The narrowest angle be
tween points situated 2 cm from the angle of the wire 
was measured (Fig. 1). Six birds caught on 18 July were 
recaptured on 24 July, and their chest angles were re
measured.

In addition, 21 moulting greylag geese were caught 
and sacrificed for diet, stable isotope and body com
position studies on the island of Saltholm (50°40'N 
12°45'E), Denmark, on 25 May (seven birds, early 
moult), 11 June (nine birds, mid moult) and 26 June (five 
birds, late moult) 1998 using camion nets. This was done 
with permission from the Danish Forest and Nature 
Agency, the Ministry of Environment and Energy. Be
fore being sacrificed, ninth primary feather length and 
chest angle were measured as described above. To re
late actual pectoral muscle mass to chest angle (and &lsquo;pec
toral profile&rsquo; score, see below) the right and left pectoral 
muscles (i.e. pectoralis, supra coracoideus and coraco 
co brachialis) were dissected, removed and weighed 
(total wet weight of left and right pectoral muscles). The 
pectoral muscles contained only negligible amounts 
of fat and hence, differences in fat storage could not affect 
the chest angle.

On Saltholm, during 7&ndash;27 June 1998 and 2000, chest 
angles (pectoral profiles) of moulting greylag geese 
were scored from a concealed position ca 2.5 m above 
the ground when birds were facing the observer in a 
head-up posture. A four-point classification was used 
(Fig. 2): 0) keel very obvious with thin pectoral muscles 
making each side of the keel concave, 1) keel obvious 
with more pectoral muscle tissue giving the chest a tri-

Figure 1. Schematic illustration of the soldering wire used to measure 
chest angle in moulting Canada geese in Greenland in 1997, and grey
lag geese in Denmark in 1998. The inner angle (X°) 2 cm from the tip 
was used as a measure of chest angle.
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angular shape, 2) keel not visible with pectoral muscles 
large enough to make the chest profile look slightly 
rounded, and 3) large pectoral muscles making the 
chest profile look very bulky and concave. All assess
ments were carried out on birds ca 10-200 m from the 
observer, using binoculars (lOx) or telescope (20-60x). 
Unfortunately, data were not obtained in the very begin
ning of the moult. To assess the usefulness of this scor
ing system, before being sacrificed, each of the grey
lags that were caught in 1998 were placed separately in 
a 1-m2 pen constructed of chicken wire, the pectoral pro
file was scored as described above at a distance of >30 
m, and the scores were correlated with actual pectoral 
muscle mass.

Figure 2. Classification of point values (0-3) used to score pectoral pro
files in moulting greylag geese; 0: keel very obvious with thin pectoral 
muscles making each side of the keel concave; 1: keel obvious with more 
pectoral muscle tissue giving the chest a triangular shape; 2: keel not 
visible with pectoral muscles large enough to make the chest profile 
look slightly rounded; 3; large pectoral muscles making the chest pro
file look very bulky and concave.

Figure 3. Relationship between pectoral muscle mass (in g wet weight) 
and chest angle (in °) of moulting greylag geese. The pectoral muscle 
mass = 2.7805 * chest angle + 184.45; r2 = 0.63, N = 21, P  < 0.0001.

Table 1. Relationship between the dependent variable chest angle in 
greylag geese and Canada geese and the four independent vari
ables: length of ninth primary (p9), p9*p9, sex and species. The anal
ysis was carried out using multiple regression, N = 88; r2 = 0.74 (all 
variables included).

Results

There was a highly significant linear relationship be
tween actual muscle mass and chest angle (Fig. 3). There 
was also a significant linear relationship between mus
cle mass and the length of p9 (r2 = 0.51, N = 21, P = 
0.003), however, this explained less of the variation than 
did chest angle (p9: r2 = 0.51 vs chest angle: r2 = 0.63), 
making this measure a better predictor of muscle mass.

A multiple regression model showed a highly signif
icant polynomial relationship between length of p9 
and chest angle amongst live moulting Canada geese and 
greylag geese, reflecting the change in pectoral muscle 
mass during moult (Table 1). However, there was no 
difference between the species and sexes. In the data 
pooled from Canada geese and greylag geese chest 
angle decreased slightly as the length of p9 increased 
until ca 90 mm length after which an increase in chest 
angle occurred with continued growth of p9 (Fig. 4). The 
pattern suggests that chest angles (and therefore mus
cle mass) started to decline even before the flight feath-

Figure 4. Relationship between chest angle (in °) and moult stage 
expressed as length of the ninth primary of Canada geese in Greenland 
and greylag geese in Denmark. The chest angle = 0.001 * p92 - 0.21 * 
p9 + 96.7; r2 = 0.73. The abbreviations in the figure are: gg, f  =  female 
greylag geese; gg, m = male greylag geese; eg, f  = female Canada geese; 
eg, m = male Canada geese. The fitted polynomial regression is based 
on all data pooled.
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ers were shed. The six Canada geese that were recap
tured after six days showed a significant increase in chest 
angle (from 96.17° ± 7.19 to 101.67° ± 5.68 (average 
± SD); pairwise t-test: t = 3.422, df = 5, P = 0.018). This 
equates to an average increase of 2.55 g ± 1.82 (SD; wet 
weight) muscle mass per day as based on the rela
tionship between pectoral muscle mass and chest angle; 
see Fig. 3).

There was a significant positive correlation between 
pectoral score and muscle mass amongst the caught 
sample of greylag geese (r2 = 0.43, N = 21, P = 0.0014; 
Fig. 5).

The pectoral profiles of greylag geese scored in the field 
changed according to moult stage (Fig. 6). In the early 
moult stage ca 20% of the birds had concave pectoral

profiles (score 0), ca 60% had a pectoral profile of 
score 1 and ca 20% score 2. The frequency distribution 
gradually changed as moult progressed so that fewer birds 
had scores 0 and 1 and more score 2 and finally at the 
end of moult ca 25% of the birds showed a pectoral pro
file of score 1, ca 50% score 2 and 25% score 3.

Figure 5. Relationship between pectoral muscle mass (in g wet weight) 
and chest profile score of greylag geese according to the scoring clas
sification given in Figure 2. The pectoral muscle mass = 58.332 * pec
toral profile score + 385.54; r2 = 0.43, N = 21, P = 0.0014.

Figure 6. Frequency distribution (in %) of pectoral profile scores (0-3) 
during moult in greylag geese on 14, 15, 23, 24 and 27 June 1998 

(N = 338), and 7, 13, 14, 15 and 19 June 2000 (N = 122). The profile 
scores follow Figure 2.

Discussion

The highly significant positive relationship between 
pectoral muscle mass and the chest angle measured 
here using solder wire suggests that this simple method 
can be used to predict pectoral muscle mass in live 
moulting geese, explaining some 63% of the variation 
in muscle mass. Although the relationship between 
pectoral muscle mass and length of the ninth primary 
was also significant, it explained less of the variance than 
did chest angle. The curvilinear relationship between 
muscle mass (chest angle) and moult stage and the in
crease of muscle mass with progressing moult is con
sistent with the pattern of atrophy/hypertrophy described 
for moulting geese and other waterfowl elsewhere (Han
son 1962, Ankney 1979, Raveling 1979, Young & Boag 
1982, Ankney 1984, Bailey 1985, Piersma 1988).

Furthermore, the visual scoring of pectoral profiles 
of moulting greylag geese also demonstrated a signif
icant relationship with pectoral muscle mass. This 
method offers a field technique that obviates the need 
to capture birds to estimate muscle mass of moulting 
geese. However, there was inevitably greater variation 
using this more crude visual scoring system, which 
nevertheless explained 43% of the variation in pec
toral muscle mass. This method should therefore be used 
with the same caution as when using other subjective 
proxy field methods such as abdominal profile scores 
and other fat score methods (e.g. Owen 1981, Spencer 
1995). The correlation between actual muscle mass 
and pectoral score in this analysis was based on birds 
placed and scored in a small chicken wire pen and for 
that reason often were in unnatural and odd postures 
compared to wild conditions and this may have contrib
uted to the overall variation.

Our results suggest that the geese began to reduce their 
pectoral muscles before they actually shed their feath
ers, as has been shown for lesser snow geese (Ankney 
1979) and brant geese (Ankney 1984). This early degra
dation of the pectoral muscles suggests that birds dur
ing this period may have reduced flying capabilities. 
Since goose moult sites are selected for their specific 
characteristics (providing good feeding opportunities and 
protection against predators) it is important that they
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arrive at these sites well before they lose the powers of 
flight. If, for some reason, local conditions are unsuit
able for moulting in any one season, the geese must be 
able to fly to another moult site (as occurred for grey
lag geese at the Oostvaadersplassen, the Netherlands in 
1988, 1989 and 1990 (van Eerden, Loonen & Zijlstra 
1998)) before commencing wing moult. The potential 
reduction in flight capability prior to moult might there
fore be crucial. Such a finding has implications for the 
management of disturbance in areas supporting moult
ing geese if these birds are less tolerant of predator-like 
stimuli two or more weeks before the onset of the 
flightless phase of moult.

The methods presented here proved to be useful to pre
dict muscle mass in moulting geese without recourse to 
dissection of birds (i.e. the chest angle method) or resort
ing to the capture of birds (i.e. the pectoral profile index 
method). These methods are likely to be useful study
ing other waterfowl such as diving and dabbling ducks 
which undergo similar morphological changes in pec
toral and leg muscles during moult but are less well 
known (Young & Boag 1982, Bailey 1985). Prior to mi
gration some long-distance wader species undergo large 
morphological changes degrading their internal organs 
such as the gizzard and intestine and allocate resources 
to pectoral muscles (Piersma 1998). The field methods 
presented in this paper could potentially be useful tools 
to study these birds during their preparation for long-dis
tance migrations. It is not known whether long-distance 
migratory geese and other waterfowl show similar adap
tations in preparation to migration, however, measuring 
chest angles either using solder wire or by visual scor
ing of live birds could provide information on this mat
ter in the future.
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