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In chapter 2 we presented results of total body composition of 21 barnacle geese

Branta leucopsis (10 females, 11 males) performed as part of an evaluation of the

deuterium dilution method. Making use of the same sample of birds, we here

present details on the composition of certain tissues and on length measurements

of parts of the digestive tract.  

Methods 

Animals were taken from a stock of barnacle geese kept at the Biological Centre of

the University of Groningen in Haren, The Netherlands. The flightless birds (wing

feathers of one wing clipped) were kept on grassland while receiving ad libitum

supplementary food (a mixture of grain and pellets). Birds were fully anesthetized

with 3 ml intraperitoneal injected Nembutal (natriumpentobarbital 60 mg/ml),

followed by cervical dislocation 10–15 min later. Body mass was then measured to

the nearest 1 g and carcasses were placed in plastic bags and refrigerated until being

further processed next day or double-packed and frozen at -20ºC until dissection

and body composition analysis. After feathers were plucked from the whole body all

skin was removed together with associated subcutaneous fat. Following organs

were dissected out, weighed and analysed for water and fat content: left and right

flight muscle complex (M. pectoralis and supracoracoideus), leg musculature (attached

to the tibiotarsus and femur), abdominal fat (a discrete deposit in the abdominal

cavity, excl. mesenteric fat adhering to the intestines), gizzard, intestines (incl.

mesenteric fat and caeca), heart, liver, spleen and kidneys. The remainder was

named “rest”. Length of the oesophagus (cut at the base of the tongue and incl. the

proventriculus), intestines (cut at the gizzard) and caeca (left and right separate)

were measured to the nearest 1 mm. Oesophagus, gizzard and intestines were

emptied before the analysis, and the oesophagus was added to the “rest”. The

excised right flight and right leg musculature were retained for further study and

therefore their contributions to dry and fat free masses were estimated via the

equivalent masses of their left counterparts. Organs were cut into small pieces of c.
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1 cm3 and bones of the skeleton were broken to expose marrow and brain before

oven-dried at 60°C until constant mass (7–15 days). Care was taken to measure

fresh weight of organs as soon as dissected, however, a certain water loss is

inevitable and values of hydration should be regarded as minimum values. Fat

extraction was done with a soxhlet apparatus using petroleum ether as solvent. 

All results are reported as mean ± 1 SD and were considered to be significant at

P < 0.05. Assumption of normality and homogeneity of variances were evaluated

using the Kolmogorov-Smirnov test and Levene’s test, respectively (Zar 1999).

Pearson correlation coefficients were applied to evaluate relationships among

tissue-specific and total fat loads. Statistical analyses were performed with SPSS 14.

Results and discussion

Whole body mass differed significantly between male and female barnacle geese

due to sexual differences in structural size (ch. 2). At tissue level, fresh masses of
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Table Box B.1. Fresh mass, water content, water content in the fat-free mass H2OFFM and fat

content of dissected tissues, and length measurements of parts of the digestive tract. 

Tissue Mass (g) H2O (%) H2OFFM (%) Fat (%) n

Skin 205.6 ± 61.7 32.0 ± 11.6* 57.7 ± 5.9 44.4 ± 18.9 21

Flight muscles  461.8 ± 77.5 71.2 ± 0.7 72.8 ± 0.5 2.2 ± 0.7 21

Leg muscles     210.0 ± 34.5* 71.0 ± 2.4 76.0 ± 3.4 6.4 ± 4.5 21

Abdominal fat   36.2 ± 23.0 14.4 ± 8.3 80.0 ± 8.9 82.4 ± 9.3 20a

Heart           19.5 ± 2.9* 70.7 ± 3.1 77.9 ± 1.1 9.3 ± 3.4 21

Liver           33.9 ± 8.4 72.1 ± 2.8 74.6 ± 2.6 3.3 ± 3.9 21

Spleen          1.5 ± 1.5 72.5 ± 4.0 74.2 ± 5.1 2.2 ± 4.2 17b

Intestines      45.9 ± 12.9 57.2 ± 10.1 75.5 ± 7.2 24.2 ± 11.2 21

Gizzard         46.0 ± 7.0 71.1 ± 2.3 76.2 ± 2.1 6.7 ± 2.9 21

Kidneys         9.9 ± 2.1 70.8 ± 5.2 77.2 ± 2.1 8.3 ± 6.4 21

Rest            783.3 ± 109.7* 60.3 ± 2.4 64.7 ± 1.4 6.9 ± 2.3 21

Plumage 143.7 ± 16.5 21

Length (mm) n

Oesophagus 307.4 ± 48.0 20c

Intestines 1,415 ± 176.3 21

Left caeca 217.2 ± 29.1 21

Right caeca 216.2 ± 30.7 21

* Significant differences between sexes (P < 0.05): fresh mass (g) of Leg muscles, Heart and Rest was 227.5 ±

28.3, 20.9 ± 2.6 and 863.4 ± 72.1 for males and 190.7 ± 31.1, 18.0 ± 2.4 and 695.2 ± 67.3 for females,

respectively; Skin water content (%) was 37.0 ± 12.3 for males and 26.5 ± 8.1 for females. 
a virtually no fat tissue present.
b three samples excluded because of unaccounted water loss or damage; one sample (outlier) showed unusual

enlargement (23.3 g).
c one measurement missing.



leg muscles, heart and the ‘rest’ of the carcass containing the skeleton differed

significantly between sexes (Table Box B.1). Fat was predominantly accumulated

under the skin, in the abdominal cavity and as mesenterical fat attached to the

intestine. Figure Box B.1 shows for each bird the relative contributions of fat

extracted from various tissues, organ groups or stores to total body fat (birds are

sorted along increasing total fat load). Skin fat, including subcutaneous fat, gener-

ally comprised the largest proportion of total body fat. Its relative contribution

increased among the study birds until total fat loads of about 10% were reached. At

that level skin fat represented 47% of all body fat and remained close to this value

for increasingly fatter birds. It should be noted that part of the fat attributed here to

pectoral and leg muscles belongs in fact to the subcutaneous fat layer which is

attached to these muscle tissues and could not always be completely removed

(especially from leg muscles) during dissection. A considerable amount of fat was

not attached to distinctive dissectible organs or stores as specified here, but was

distributed in the ‘rest’ of the carcass. Its relative contribution to total fat dimin-

ishes as fat depots under the skin and in the abdominal cavity build up. Like skin

fat, the fraction of abdominal fat correlated positively with total fat loads (skin fat

r = 0.69, P < 0.01; abdominal fat r = 0.76, P < 0.001). Relative contributions of fat

from other tissues/tissue groups showed either no correlation (intestines; liver +

kidneys + spleen) or decreased with increasing total lipid loads, as for heart +

gizzard (r = –0.49, P < 0.05) and for flight + leg muscles (r = –0.58, P < 0.01).

The water content of the fat-free mass H2OFFM was approximately 75% in most

tissues, except in skin and rest of the carcass containing the skeleton (Tabel Box
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Figure Box B.1. Distribution of total fat extracted from dissected tissues or stores and the

rest of the carcass. Columns represent 21 birds, sorted by their total fat mass relative to fresh

body mass with values given below the columns. Tissues with similar and/or small fat

contents were combined. Average fat contents and further measurements of individual tissues

can be inferred from Table Box B.1.



B.1). We have no explanation for the relative high water content in the H2OFFM of

abdominal fat, however, also Pace and Rathbun (1945) noted a high value (82%) in

adipose tissue. The relative low value for flight muscles compared to other muscle

tissue reflects most likely the long exposure to evaporative loss during the time

consuming removal of the skin. Comparative data are available from carcass

analysis of Canada geese Branta canadensis minima measured at various stages (n =

8-9) throughout the annual cycle (Raveling 1979): average water content in

H2OFFM of flight muscles was 73.2% (females), 73.6% (males) and in the liver

73.8% (females), 74.1% (males), resembling our values. Also fat content of these

two tissues in Canada geese was very comparable to our data: 2.9% (females) and

2.6% (males) in flight muscle and 3.4% in liver (same for both sexes), when

excluding the pre-laying period. Average liver fat contents were almost invariant

during all other stages but peaked at 3-4 times higher values in both females and

males during the pre-laying period (Raveling 1979).
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