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In trod uction

W ildlife agencies in th e  U n ited  S tates have 
frequen tly  p rov ided  crops, especially cereal 
g ra in s , fo r  s u p p le m e n ta ry  fe e d in g  o f 
m ig ra ting  o r w in tering  geese. A t certain  
tim es, these  crops constitu te  a p rim ary food 
sou rce . A n  u n d ers tand ing  o f food  quality 
re la tive to  th e  seasonal nu tritional req u ire ­
m en ts o f  geese m ust be considered  w hen 
se lec tin g  a c ro p  to  p lan t. R ecogn ized  
v a ria tions in food  quality  and  in digestive 
processes am ong  pou ltry  have led to the 
d ev e lo p m en t o f tab les (e .g . E nsm inger and 
O len tin e  1978) listing basic nu tritional re ­
qu irem en ts  and  the d igestibility  o f feeds. 
C o m p arab le  d a ta  fo r w aterfow l a re  gen­
erally  lacking; only gross nu tritional recom ­
m en d atio n s have been  rep o rted  (H olm  and 
S co tt 1974). T he  lack o f da ta  concerning 
p ro te in  d igestib ility  and  m etabolism  by 
g e e se  m ay  be  p a r t ic u la r ly  im p o r ta n t 
because  p ro te in , ra th e r than  energy , may 
be  th e  co n stitu en t lim iting rep roduction  in 
b irds (R obb ins 1981).

W ith  th is in m ind , we supplied  m onotypic 
ra tio n s o f co rn , m ilo (so rghum ), and  w heat 
kerne ls to  C an ad a  geese Branta canadensis 
in terior  w ith th e  in ten t o f defining co­
efficients o f u tilisation  for g rains according 
to  season  (w in te r versus spring). C orn and 
m ilo a rc  the principal supp lem en tary  crops 
p lan ted  on w aterfow l m anagem ent areas in 
so u th e rn  Illinois, U .S .A . and  th e  kernels o f 
each  m ay be supplied  as em ergency  rations 
d u ring  periods o f severe w in te r w eather. 
W h ea t is com m only  grow n in the w estern 
U .S . and  is availab le  to  geese as w aste grain 
th ro u g h o u t the w inter.

M eth ods

T en  adu lt C an ad a  G eese  live-trapped  at 
C rab  O rch ard  N ational W ildlife R efuge, 
Illinois, in O c to b e r 1981, w ere  confined to 
individual e lev a ted , o u td o o r pens (1.8 m x
1.5 m x 1.0 m ) constructed  of w elded w ire. 
G eese  w ere supplied  w ater and  a com m er­
cial hen feed (h e rea fte r  called basal ra tion) 
co n sis tin g  o f  w ho le  an d  c rack ed  corn  
(8 7 % ), sunflow er seeds H elianthus annuus

(5 .6 % ). w h ea t (4 .5 % ), m ilo (2 .9 % ), and 
grit. B asal ra tion  and  te s t grains w ere sup­
p lem en ted  w ith v itam ins A . D , niacin, and 
riboflavin. P rio r to  the in itiation  o f the 
w in ter tr ia l, tw o 22.7 kg bags o f each test 
grain w ere  m ixed and  th e  resulting  45 kg 
com posite  w as used for bo th  w in ter and 
spring  trials.

T he w in ter feed ing  trial consisted  o f first 
supplying each goose a m ixed d ie t (50:50) o f 
basal ra tion  and  tes t grain  for one w eek, 
follow ed by a m ain tenance-level ra tion  of 
tes t grain  supplied  fo r th ree  o r four days. 
T his schedule  p e rm itted  geese to  m aintain 
o r gain w eight depend ing  on th e ir respec­
tive ra te s  o f consum ption , and  to  ad just 
th e ir  b ehav iou r to  m onotyp ic  d iet. W e 
p resum e th a t geese having fed ad libitum  on 
basal ra tion  fo r a t least 30 days w ere 
physiologically  acclim atised  to  grain con­
sum ption . A ctual feed ing  trials em ployed 
the  to ta l collection  m ethod  (Schneider and 
F la tt 1975). G eese  w ere supplied  with 600 g 
(w et w eigh t) o f grain  p e r 3-day test period , 
excep t w ith m ilo w here tim e lim itations 
res tric ted  the w in ter tria l to  tw o days. 
P rocedures used  during  spring trials w ere 
co m p arab le , excep t th a t p re-tria l cond ition ­
ing w as restric ted  to  th ree  o r four days and 
th e  m ilo tria l w as ex tended  to  th ree  days. 
G eese  w ere m ain ta ined  on basal ration  
betw een  tes t periods.

E xcre ta  and  spilled grain  w ere collccted 
from  a m etal tray  suspended  beneath  each 
pen  and  so rted . E ach  faecal sam ple m inus 
the  grain  w as a ir d ried  at 24°C for 24 hrs to  
fa c ilita te  h a n d lin g , w e ig h ed , and  then  
frozen  a t —20°C fo r subsequen t analysis. 
G ra in  rem ain ing  in indiv idual feed trays 
was rem oved  at the end  o f each tria l, 
com bined  w ith the spilled grain , air dried 
(24°C) fo r 48 hrs, and w eighed to  the 
nea res t 0.1 g.

A  200 g random  sam ple was collected 
from  each 45 kg com posite  o f test grain and 
frozen  fo r subsequen t chem ical analysis 
(T ab le  1). G rain  sam ples w ere g round in a 
W iley mill w ith a 1 mm m esh screen . D ry 
m a tte r  (D M ) w as d e te rm ined  by drying 
dup lica te  sam ples in vacuo to  a constan t 
w eight a t 100°C (H orw itz  1980: 125). G ross 
energy  (G E ) was estim ated  using a P arr
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Table 1. Dry matter, crude protein, and gross energy content of corn, milo, wheat, and basal ration fed 
to Canada Geese, 1st January through 11th May 1982. Crude protein and gross energy expressed on a 
dry m atter basis. See text for composition of basal ration.

Ration
Dry 

m atter (% )
Crude 

protein (% )
Gross 

energy (kcal/g)

Corn 91.2 8.8 4.40
Milo 86.3 10.4 4.47
W heat 88.5 14.3 4.41
Basal ration 89.4 9.7 4.52

ad iaba tic  oxygen bom b calo rim eter. N itro ­
gen co n ten t w as d e te rm ined  using a m od­
ified K je ldah l techn ique involving sam ple 
d igestion  w ith a m ix ture  o f phosphoric  and 
sulfuric acids (5:100). C rude p ro te in  (C P) 
con cen tra tio n  w as estim ated  as 6.25 tim es 
p e rc e n t n itro g en . F aecal sam ples w ere 
d ried  overn igh t a t 50°C to  a m oisture con­
te n t o f 5 to  8% . A fte r being g round  in a 
W iley  m ill a n d  m ix ed , sam p les w ere  
analysed  as described  above fo r dry m atte r , 
c rude  p ro te in  and  gross energy con ten t. 
T he uric acid co n ten t o f excre ta  was d e te r­
m ined  accord ing  to  M arq u ard t (1983).

C oefficients o f u tilisation  w ere calculated  
fo r d ry  m a tte r , energy , and  crude p ro te in  to 
reflect th e  p e rcen t o f each w hich was m e t­
ab o lisab le  (d ry  m a tte r  and  energy) o r 
d igestib le  (crude p ro te in ). C oefficients for 
dry  m a tte r  and  energy  w ere calculated  as 
in take  m inus faecal and  u rinary  loss, ex­
p ressed  as a p e rcen t o f in take . Coefficients 
fo r crude  p ro te in  w ere calcu lated  as in take 
m inus faecal c rude  p ro te in , expressed  as a 
p e rcen t o f in take . Faecal crude p ro te in  was 
ca lcu la ted  as the  loss in the  excreta  (faeces 
and  u rine) m inus th e  crude p ro te in  equiva­
len t o f  uric acid excre ted . T he calculation 
fo r  c ru d e  p ro te in  u ti lisa tio n  d if fe re d  
because  excess n itrogen  from  digested  p ro ­
te in  is excre ted  in th e  urine w hich, in birds, 
becom es m ixed w ith th e  faeces. T hus, 
fa ilu re  to  co rrec t for uric acid excretion 
w ould  have resu lted  in seriously low esti­
m ates o f utilisab le  c rude  p ro te in . In spite of 
th e  uric acid co rrec tion , how ever, ou r esti­
m ates o f crude p ro te in  digestibility are 
som ew hat low to  the ex ten t th a t o th er 
n itrogenous com pounds a re  excreted  in the 
u rine . F o r sim plicity , all coefficients are 
here in  re fe rred  to  as digestibility coef­
ficients even though  those  for dry m atte r 
and  energy  actually  account fo r sm all losses 
o f dry  m a tte r  o r energy occurring in the 
urine.

W e se lec ted  th ree  variab les to  char­
ac te rise  th e  th re e  grains in term s o f pro tein  
n u trition : p e rcen t digestibility; digestible 
c rude p ro te in  (m g C P/g D M ); and  relative 
n itrogen  re ten tio n  (g N re tained /g  d igest­
ible C P ). T he  first variab le  reflects the ease 
o f  d e g ra d a t io n ;  th e  se c o n d  in d ic a te s  
w h e th e r th e  grains d iffer regard ing  the 
co n cen tra tio n  o f po ten tia lly  useab le  p ro ­
te ins. C learly  th e  tw o variables are in te r­
d ep en d en t since d igestib le C P p e r g D M  is a 
function  b o th  o f ease o f digestion and  of 
to ta l p ro te in  con ten t. T he th ird  variab le , 
re la tive  n itrogen  re ten tio n , m ay indicate 
w h e th e r th e  grains differ regarding the 
quality  o f p ro te in  d igested . A  grain w ith a 
p o o r balance  o f am ino acids m ight be 
expec ted  to  yield a low er relative nitrogen 
re ten tio n  because  one or m ore am ino acids 
m ight lim it u seab ility  o f o th e r am ino acids.

A m b ien t tem p e ra tu re s  (daily  high/low) 
w ere  reco rd ed  a t the  S outhern  Illinois A ir­
p o rt, 5 km  E ast o f C arbondale . U navo id ­
ab le  changes in num bers o f geese available 
from  trial to  tria l p rec luded  statistical com ­
parisons o f u tilisation  coefficients am ong 
g rains and  by seasons.

Results and  discussion

Seasonal d ifferences in percen t digestibility 
w ere ap p aren t betw een w inter and spring 
(T able 2), bu t these w ere m inor in nature 
and  did no t follow  a uniform  trend . B oth 
corn and w heat show ed a small decrease in 
percen t digestibility from  w in ter to  spring, 
w hereas in m ilo digestib ility  increased  
som ew hat from  w inter to  spring. A m ong 
factors possibly re la ted  directly o r indirectly 
to  seasonal d ifferences in digestibility arc 
dry m atte r in take (D M I), am bien t tem p era ­
tu re , and th e  physiological sta te  o f the 
goose. C hanges in the la tte r two might 
m anifest th e ir effects by influencing dry
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Table 2. Dry matter intake (DMD and percent digestibility of dry matter (DM), gross energy (GE), 
and crude protein (CP) for 3 grains fed to adult Canada Geese during winter and spring, 1982. Sexes are 
pooled. Values given as Mean ±  SD.

Grain
Trial
date

Mean
temp.
(°C)

N
X

DMI
(g/day)

DM
Digestibility (% ) 

GE CP

Corn 6-9/1 - 3 9 108+35 91 +  1.6 92± 1.7 83±3.6
23-26/4 13 8 122+55 89±2.6 89 ±1 .0 77±5.4

Overall 17 115 ±45 90±2.3 91 ± 2 .4 80±5.3
Milo 28/2-2/3 4 9 143 ±35 87 ±1.1 88+ 1.1 77±3.2

3-6/5 21 7 116±45 88±  1.0 89±  1.6 83±2.9
Overall 16 131 ±41 88±  1.2 89±  1.4 79±4.9

W heat 19-22/1 2 7 172± 9 89± 1.4 89±  1.7 89± 1.9
8-11/5 16 4 106 ±29 84± 1.3 84± 1.6 76±3.0

Overall 1 1 148 ±38 8 7 ± 3 .1 87±3.0 84±6.9

m a tte r  in tak e . E x p erim en ts  w ith farm  
anim als have shown th a t, in genera l, diges­
tibility decreases as the level o f feeding 
increases (Schneider and F la tt 1975). O ur 
da ta , how ever, do not reveal a consistent 
re lationship  betw een dry m a tte r in take and 
digestibility. A s dry m atte r in take increased 
betw een seasons, the digestibility o f corn 
and milo decreased , bu t th a t o f w heat 
increased (T able 2). D igestibility also may 
vary  d irec tly  w ith c rude  p ro te in  level 
(Schneider and F latt 1975) and inversely 
w ith crude fibre (C F) co n ten t (A dolph  and 
M ao 1934). I t is d o u b tfu l, h o w ev e r, 
w hether c ith e r o f these variables accounts 
for the digestibility differences observed 
am ong grains; gross energy and  dry m atter 
coefficients varied inversely w ith crude p ro ­
tein con ten t (T able 1), and there  was no 
consistent trend  betw een any of the co­
efficients and  respective crude fibre con­
ten t, nam ely, corn , 2 .9% , w heat, 2 .5% , 
m ilo, 2 .2%  (C ram pton  and H arris 1969).

U tilisation coefficients for gross energy of 
corn (91% ) and milo (89% ) w ere sim ilar to

the 87%  and  88% . respectively, calculated 
from  da ta  on E m bden  geese repo rted  by 
Storey and A llen (1982). H ow ever, ou r 
value for w heat (87% ) was notably  g rea te r 
than  the 78% indicated  by their data.

As an energy source fo r C anada G eese , 
corn and  milo w ere essentially  com parab le  
and  bo th  superio r to  w hea t, given an 
equivalent ra te  o f consum ption  (T able 3). 
H ow ever, regardless o f which grain was 
consum ed, energy assim ilation consistently 
exceeded  the estim ated  daily existence 
energy requ irem en ts of the  geese during the 
feeding trials; existence energy being calcu­
lated  using K endeigh 's (1970) equations for 
non-passerines and assum ing an average 
live w eight o f 3.5 kg. W hen fed to  poultry , 
corn and m ilo generally  yield 3.4—3.9 and 
3.4—3.7 kcal/g D M I. respectively, w hereas 
w h e a t s u p p lie s  2 .8 -3 .3  k c a l/g  D M I 
(N ational R esearch Council 1977; Ensm in- 
gcr and O len tine 1978). Storey and  A llen 
(1982) rep o rted  ap p aren t m etabolisab le  
energy derived by E m bden  geese from  
corn , m ilo, and w heat as 4.02, 3.85. and

Table 3. Characterisation according to energy and protein metabolism of 3 grains fed to adult Canada 
Geese during winter and spring, 1982. Samples pooled by sex and season. Values given as Mean ±  S.D. 
Abbreviations: Dry M atter Intake (DM I); Dry M atter (DM ); Crude Protein (CP); Digestible Crude 
Protein (DCP).

Grain
Geese

(N)

Apparent 
m etabolisable energv 

(kcal/g DMI)

Digestible 
crude protein 

(mg CP/g DM)

Relative 
N retention 

(g N/g DCP)

Corn 17 3.97 ±0.11 70.3±4.6 0 . 12± 0.02
Milo 16 3.96±0.06 82.5 ±4.6 0.09±0.0I
W heat 11 3.85 ±0.13 I20.4±9.8 0 .14±0.02
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3.35 kcal/g, respectively. Sugden (1971, 
1973) listed ap p aren t m etabolisable energy 
coefficients o f 3.52 and 3.07 kcal/g D M I for 
hard wheat (gross energy, 4.42 kcal/g) fed 
to  M allard A nas pla tyrhynchos and B lue­
winged T eal A .discors.

A lthough  energy  has generally  been 
view ed as the principal "currency” influ­
encing food selection and ingestion rates in 
anim als (Pyke et al. 1977), organic nitrogen 
con ten t and /o r am ino acid com position may 
be as im portan t. T he th ree  grains differed in 
d ig e s tib le  c ru d e  p ro te in  w ith  w h e a t 
supplying 120mgCP/g D M  com pared  to  83 
for milo and 70 fo r corn (T able 3). W heat 
also surpassed th e  o th e r two grains in re la­
tive nitrogen re ten tio n , averaging 0.14 g N/ 
g digestible CP. W hereas m ilo was in ter­
m ed ia te  in d igestib le crude p ro te in , it 
ranked  low est in relative nitrogen re ten ­
tion , w ith a value of 0.09 g N/g digestible 
CP. R obbins (1981) estim ated  the m ini­
mum nitrogen in take necessary for m ain te­
nance of birds to be 0.43 g N /kg 0 .75/day (or 
2.69 g CP/kg 0 .75/day). This w ould am ount 
to  a daily in take o f 6.86 g crude p ro te in  for a
3.5 kg goose. B ased on com position (T able
1) and m ean dry m atte r in take (T able 2), 
daily crude p ro tein  in takes w ere 10.1. 13.6, 
and  21.2 g from  corn , m ilo, and w heat, 
respectively. T hus all th ree  grains supplied 
nitrogen in excess o f estim ated  daily m ain­
tenance needs.

T he am ino acid com positions of the th ree 
grains w ere no t de term ined  specifically for 
this trial; how ever, average values are avail­
ab le  in th e  l i te r a tu r e  (e .g . N a tio n a l 
R esearch Council 1977: T able 19). Judging 
from  repo rted  values, all the grains arc 
deficient in lysine, arg in ine, cystine, o r 
m ethionine. A m ino  acid deficiencies may 
have been accom m odated , how ever, given 
the observed ra tes o f grain consum ption.

If the th ree  grains are evalua ted  strictly as 
an energy source, and thus w ithout regard  
to  to tal nutritive value or cost, then  corn 
appears m ost ap p rop ria te ; it was also p re ­
ferred  over the o th e r two grains by the 
geese. W hen am bien t conditions w ere such
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Summary

Corn, milo, and wheat kernels were fed to 
penned Canada Geese during winter and spring 
to define seasonal coefficients of utilisation for 
grains. Corn and wheat showed a minor decrease 
in percent digestibility from winter to spring, 
whereas the digestibility of milo increased some­
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relative nitrogen retention. W heat produced the 
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highest in digestible crude protein and relative 
nitrogen re ten tio n . Milo equalled  corn in 
apparent m etabolisable energy, was interm edi­
ate in digestible crude protein, and lowest in 
relative nitrogen retention. The results suggest 
that as an emergency energy supply, corn and 
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wheat. As a crop, however, none of the three is 
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