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+ 'ABSTRACT - - | oo

st - '

The feeding behaviour of the blue goosé.(Ahser caerulescens)

wgs studied at the McConnell River breeding colghy (60° 50'N, 940 25'W)

and, under more controlled conditions, in a pasture at Guelph, Ontario.
-~ v“

%
During July and August female blue geese and their goslings
- . B

have a high protein requirement, due to the demands of incubation, moult -

and growth, Although a two kilogram goose consumes 100g of vegetation
a *

per hour of feeding, and females spena up to 80% and goslings up to 90%

of the daylight hours' feeding, the overall protein content of the ‘avail-__

s I N
*

able green vegetati‘n\zgwbﬁe arctic may not be high enough to meet this

requirement. The co ents of blue goose feeding behaviour vary in a

predictable way with changes in vegetation characteristie. This suggests

that the behaviours may be adjusted to optimiée quantity and quality of

-

intake, A mechanism for this was suggested by experiments”bn a stngle
species sward of controlled'véﬁetation height. Blue geese spent more
time feeding on plots fertilized with ammoni®m nitrate than on unferti-

lized plofs. This‘diffqunce is explained by an increase in the length’

A"- T -

. . . ? \
of"a fepding bout and a decreased speed of walking on the fertilized”

' plots. The birds also pecked faster on the fertilized plots. These

-~

changes in feeding ééhaviour were shown to influence-the intake of vege-:

tation. Thus small, quantitative changes in feeding behaviour could
: . .o

.sgrve to signififgnt1y increasegprotein intake. o ,

’

’ -
This hypothesis is partially supported by independent data

N .

-

from the arctic. However, the difference between the protein content

~

of vegetatién in the‘besophagi of feeding bir&s, end that of the available
yéégﬁg&ig? is {considerably gréater'than fhat predicted-by the modei.'

This spggestq.t e presence of addixibnal‘selection mechgnisms,
. ) 141 .’ ' P "

'

’
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The impact of gggzing geese on the nutrient status pof the

> -

arcbic tundra ecosystem, and the nature of their feeding strategies and

tactics are discussed.:
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INTRODUCTION

L3

‘i . "All behawiour is “overt.to what' is, and -
) %}l overt relationship is behaviour”

"y ) "+ Martin Heldigger.

dod -

One agpect of ethelogicai research has been traditionally and-
suceessfully concerned with elucidating the survival value of particular
ot ' « ~
behaviour patterns (Tinbergen 1968). This approach may be logically ex-

Py -

tended to consider the selective advantages derived from quantitative.

<

variations in specific behavioural parameters. Not only can such infor-
. .

mation be subjected to statistical analysis, but it is also amenable to

mathematical representation. Since "mathematics implj the existence
pre _ P

of an algorithm which is more precise than ordinary language" (Bertalanffy
e ' ’ .
1973), such a representation provides a more rigorous definition of com-

plex, inter-acting systems than does a convent10na1 wprd model.

<

o Lue-absence—of—feeegﬁieeé—aﬂd—re4iab4e—analytical precedures,e

it is most profitable 1n1tia11y to restrict the analysis of functional
variations to those situations where strong natural selection\for an *
" optimal behavioural reegonse is exerted. Since it is impossible to

measure behavioural varlation w1thout error, the intrinsic "noise" of the

s

e O

*4systemr1nnr&—be~suf§iéieﬁ%ly—lcw_that the r91ationshin between environ—

tsental and behavioural variation can be precisely delineated. Classically’
. such analyses have been applied to various aspects of reproductive be- N
., - >

haviour, where thevdost of a sub—optimal response may be total reproduc—

tive’ failure, However, the process of feeding .also encompaeses a set
, A . .

oflbehaviours whose outcome must. be optimized for survival (Schoener’19T1).

‘Additionally, feeding is a-ubiquitous and year-round phenomenon in the

animal. kingdem, permitting tpe collection ofrlarge quanfities of data.

- » L] 4

»




under laboratory conditions. So far Holling's techniques have not been -

u . - . 2
fiolling (1959, 1965, 1966) was ahle to define sets of equations that .+ - kS
adequatély describe the feeding béhaviour of several predatory specieé . .

extended to field,situatiohs (Krebs 1953).

-

- -

The quantltatlve analysis of the occurrence of any behavioural

-

f

pattern is facilitated if the act is performed frequently. . True geese

-

(Anger and Brantg spp) spend more than 70% of the déylight hours feeding

./ both in symmer (Lieff 1973) and winter (Owen 1972). 1In addit{pﬁ;:chere

are convincing arguments that the feediﬁg strategies of geese'are based

primarily on behavioural wvariation: . B

¢

Birds exhibit two.ﬁajordtypes of feeding strategy, the nature
- v

of the strategy depending on the food source being used. Predators ex-

ploit food resources which occur as ‘discrete items of high nutrient con-

— e

.
°

_tent, and which are .clearly differenttatéd from their environment. The

handllng and 1ngest10n of these items occupies only a small proportlon

of a ﬁ;gdator s total time budget. By’ this definition many*herbivorous

speC1es - such as seed- eaters - are essentjally predatory Grazers ex-

“ploitTa cEﬁgiaerEBIé”ﬁropéffibﬁ"bf’tneir tptéI—EﬁvtrUnmenK‘for—fUDﬁ. - —

Objective definition of a food "item" is usually 1#;;§sible, and the
nutrient content bex init weight of the food is low. Grazers devote a J
large pr0poftion~of their éctivity time to the handlfﬁg and ingestion of

food. The vast majority of all research on avian feeding strfategies has - .

been confined to predatory species (e.g. Morse 1971} Pulliam 1971, 1973;

1Y

-Smith 1974a, 1974b; Baker 1974)}n Grazing avian herbivores are largely

.

restricted to the orders Anseriforﬁhs gndjcallifermes. The ieeding bex .

v -~ .t . “
. -

haviour of seweral galliform spec#es has been intensively studied in the

. -

”

S
L



L . .
t“‘}, .
- Ry - .
- » N -, ‘w . -

field (Gardarsson and Moss 1970; Moss 1967, 1972; Pulliainen 1970; West

1968). Two species (Gallus domesticus and Coturnix coturn#) have been

- . o
v

the subjects of intensive laboratory study. ‘The feeding behaviour of

grazing anseriform species has only recently been subjected to quantita-

tive scrutlny.‘ s

While the grazing galliforms possess at least some of the.mor-

phological adaptations normally associated wit% herbivory in vertebrates

.

(McBee 1971), "grazing Anseriformes have remarkably simple alimentary

C tracts. Mattocks (1971) found no indication of cellulose breakdown in

o

the digestive caecae of Anser anser. Food usually passes through the

2

gut in two to four hours (Groebbels 1932 in Ziswiler and Farner 1972,

Marriott and Forbes 1970), sand .large plant fragments are visible in the

- ‘faecess This rapid passage leaves little opportunity for any digestive,
T L 5 » R

proceas more complex than the simple absorbtion of cell solutes. Intes-

.

" tinal elabofgf;on is p;obably incompaEIEIe with the Tong migratory flightS‘

- [

.

e undertaken by most ducks and geese. Ehese species are subject to selec-

-~ .
tion pressure favouring the devebopment of behavioural traits which op-

. timize the'quality of conpsumed food. N

D

Many45r321 8. Anserrfonmes nest on arctic tundra grasslands, _

-t

Asueh_sPeeies'£ace—én_addit1onal_£eedingwproblemT——Aret4e—grasslandsuhave———_——__——

a low annual product1v1ty, and the nltrogen content of the vegétatiOn ’

tends to be low (RusSell 1940, Warren-Wllson 1954, Bliss 1971). . The

-

‘mean protein content of green, arctic vegetation may well be close to’
‘ . . .

the minimum necessary for the survivai of a herbivore lacking complex

phy51o-morphologica1 adaptations for herbivory. 'Many arcticrnesting

-

geese aggravate this sjtuation by breeding‘colonially or semi-colonially,

‘thus intensifying their local impact on the vegetation. Incubation |

o
4
o

7




1mpose8'an anitional nutrient stress on the birds, since in at least

. one séecies (Anser caerulescens) neither member of a pair feeds to any

"‘exteht durlng incubation, During the Tourse of incubation;females'of

thls species~1ose ane third of their total body' weight (Ankney 1974).

*

Incﬁbation js immedihtely followed.by a major moult. Reﬁlacement o

i moulted f,eathers imposes a- further protelri demand on the €irds’ metabo-

ca .2

lic syste “Eultlng in asserines 1nvolves an approx1mately 8/ 1ncrea5e
¥ L

.

ig enexgy regulrgments (Blackmora;1969, King and Farner 1961). Thus

arctic nestfng geese are exposed to ‘further selectlon to Optlmize their

! 4

j ~-nutrient,1":‘;‘1::9.1«;_.— . the absence Df an elaborate digestive system this

- LR e " ’
optimization ‘must oerachieved by “the ‘use of appropriate behavioural

. 1

- L : LT . : - -~ - .. - - -
PN . . \ - N S
tagtics. | LA P . .

® . .,

. Qhe-qfc;icetundra is probabI} the most recently evolved eco-

sy%tEm (Dunbaf 1§68’} 4 Its, boundariys\sve been in a continua’state of

A . . 3 .
_ “flux. for the last lO QQQlyearsw(Br.yspn1 Irvingfand Larseﬁ i965-Hoffman““~“‘——"—

‘s
o~

_and Taber 1967 ﬁ'}’yson, Baerreis and Wendland 1970; RitciMie and Hare

s e

+
-

+

1971). An#&;pecles with a relatlvely long generation timé and which -

habitually utilizes-such an unstable envifohment will be subject to se-
Jection for plasticity of feeding strategya Although such plasticity

L4 R

. could be -obtained thxough morpholog1cql pqumorphism’ arctic breeding

Y RSP

- ;
species face a completely different feeding situation or- their wintering

i ) - -
. grounds.. Such an annqal dic::zggyotn feeding requirements shbuld favour
- A - C NP
. strategies based on behaviou flexibility. -

[ 4

.- . - *

-

“Xf*‘\: o Arctic'pesting, grazing Anseriformes aré therefore ideal

subjects for the successful*study of the fumctional significance of
» . ° . '

quantitative varilition in feeding behaviour. -
. . ’ o v

» s —




This study has been concerned with the.summer feeding behaviour»

. e o ) ' L-N-]

of the blue gobse iAnser caerulescens). In winter blue _geese feed mainly

ad ' Yo, . . ° Q -
on roots (Kear 1966). Not only is rqpting behaviour difficult to.observe
’ - . " ® . 3 ’ 7
clearly, .bus the standing crop of roots in an area is notoriously diffi-
: g : o’

cult to quantify (Alexandrova 1969). Very little rooting occurs in

a

summer -Blue geese breed in large’ colonies on. coastal, arctic tundra
grasslands in Canada and Russia (Cooch 1962) The McConnelf’River colony,

[ L
N.W.T. - where much of this study was conducted - has a breeding popule—

~

tion of more €han 100 000 pairs (Kerbes 1n Ankney 1974).L It'has been

4 - Pl

‘contiﬁuously studied for mere than 15 years,'and a massive amount of data

: < . R

on general goose biology at this site 1s available (MacInnes 1962 1966;

- o e

Lieff 1968, 1973; sPrevett 1973; Ankney 1974). Permenent'observation= 1

o -

towers permit continuous observation of undisturbed hirds ~LOT eitended?

F 3

periods. Additionally, birds at the. McConnell River tendﬂto use tradi-

. 3 .f’é .
%1onal and relatively discrete feeding areas. :

-

The nature of the inter—relationships studied is indicated in

Figune 1 Changes in vegetation aracteristics in time and space are

o . » ¢ -

controlled by a multiplicdty of factors = _ncluding_soilhcharacteristics,i
N -
drainage, microbial activity, local climate and permafrost changes - and

r') ..

Jo attempt was que to dezise a predictive model of these changes 4n the

/' o

course of the summer. The various vegetation parameters are considered

-

as simple, exogenous*variables 4Goodall 19723 changing with time; these

Q

values are then usedvas input variables to the feeding system. Similarly

"

the indjcated relatioqﬁhip between physiological requirements and intake
& .

has not been quantifled. '

4.
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Figure 1. SYSTEMS DIAGRAM OF THE IMMEDIATE
/ A ]

— 1
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overall fgeding strategies of blue geese. Chapters 3 and 4 are concerned
with the tac¢tics of feedihg, and develop a simple model of the relation-

ship between vegetational variat}on angaeehavioural changes, and the

L)

. . . 0
influence of these behavioural changes on} food intake. The predictions

[

of this model are then test%ﬂ against independently derived field data

in Chapter 3. ‘ . N

4
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A METHODOLOGY .=

- .

— . . .
¢ "The method must be purest meat"

and no symbolic dressing"
. " * Allan Ginsberg.

1.1 INTRODUCTION
. o ‘ )

The model presented in Figure 1 possesses a vaguenes$ more

suited to a conceptual aid than to’ an analytical tool. For the ‘model to
qualify for an analytic role it is first necessary to\define mensurable.
and biologiealli valid components of the compartﬁents labelled "vegetation"

<

and ''behaviour".

Although a plethora of Vegetation parameters'has been measured
£

by ecologists at one time or amother, it is doubtful whether many of
-~ ?\
: these have any intimate meaning for feeding geese. Consideration was
, therefore limited to those features of the vegetation that might be -

readily~apprehénaed_by a graéing bird. This set of parameters was further

-

restricted by logistlc necessity. ;S‘nce large” sample sizes were required

————— -
e -

due to the 1ntr1nsically high variation in the vegetation, individual
- , .

chosen components had to be amenable to rapid and accurate measurement.

Quantity of vegetation per unit area, and crude protein and water content

- . of. the vegetation wereomeasured. ,Althouéh the calorific content of the

‘
-

vegetation must be an important f. tor in goose feeding,: arguments have -
P ag

. already been presenged to suggeﬁt that the main nutritional requirement

.. of post-incubation bird//is the replacement of the seriously depleted
4 &body protein reséfyes.* In addition, calorimetry of.;arge&gumbers of -
) samples ie excessively time cpnéuming, thus,violatingjthe second requiree
‘ment of a suitable parameter.’ o : IR
. The definition'cf units of behaviour has always been i conai-
. . o derable hiological dilemma (e.g. Slater -1973). The general, if arbitrary




'

policy has been'to consider any measurable component as a unit wgtil -

sufficient evidence to the cootrary accumulates., Following this conven-
tion, feeding oehaviour was divided into the Eollowing components: pro-

N ﬁoetion of time aegoteo tolfeeding; rate of pecking, and rate of walking
while feeoiog; and length‘of a feeding bout. ' Since the proportion of

time that can be a;portioned to feeding .is determined by the Eime required

‘for other essential activities, the amount of time spent in other readily

recognizable behavioural activities was also regorded.

Thus the feeding system was analyzed at three levels: varia-

.

tion in vegetation quantity_aﬁd quality; the concomitant variation in’
. . K Y

fhe parameters of feeding behaviour; and the effects of these‘variations

on the quahfity of food actually ingested.

+ —

A widé vgzjéty of techniques was used to determine the nature

of the inter-relationships Qetween the chosen variables. This chapter -

o

deals solely with the most general methodology and techniques, Specific.

deta1ls of - indlvidual éxperimen:é are‘g1ven at the appropriate point in -

v

the text.

* 1,2 NOMENCLATURE . ’
Botan1ca1 nomenclatur follows Polunin (1959)) [hﬁess other—
-~

wise stated, the term grass applied in a general. sense to all-species

L .
,in\the'families Gramineae, peraceae and Juncaceae. Avian nomenclature

generally follows the A.0.U. checklist (1957), .but the blue goose and

snow goose are considered to be colour phases of Anser caerulescens,
following Delacour .and Mayr (1945) They-.are referred to as the blue

and' white phases of the blue goose respectively.

.




1.3 STATISTICAL METHODS : . , L}:

All values of parameters are presented as the mear * the stan- -

@

' dard deviation of the mean (standard error&_followed by the sample size

in brackets, S pleistatistical tests follow the procedures of Sokal and
l . 4“ .
Rohlf (1969). More sophisticated statistical manipulations are explained

at the appropriéﬁg\boint in the text. Statistical differences are con-
sidered to be significant if the probability of such a difference occur-
[ ]

. ring by chance is less th%n 1 in 20. The ‘term "highl& significant"

‘ { .+ refers to probabilities of less than 1 in 100.

1.4 sTODY SITES e
ﬂj o All field observations were made at the McConnell River delta, .

N.W.T. (60° 50'N, 94° 24'W) from May to August of 1971 and 1973. A full '
vegetational description of this area ;ay be found in Lieff (1973) and v

‘MacInnes (1962), Addi;ional; experimental data were coliected from cap-

tive geese in an apbroximafely two hectare pééture at Guelph, Ontario
) frOm Juﬁe to September 1972 The paéture conéisted alﬁost entirely of

'awnless brome grass (Bromus inermis Leyss) and alfalfa (Medicag_ sativa

... L.). The test arena is described in Chapter 3 and Appendix 2. T

1.5 VEGETATION - L .

In all but one case, qhuntity of vegetétion was measured by

the fresh'ﬁéight of green grass per unit area. Unless specifically
: ' ’stated aiil:égetation we;éhts refer: to fresh weight. Although dry weight
, is & more: re€iabde measure of the actual quantity offvegetation present | PR

at a sampling site, geese only experience tﬂeJyegeté;ion in ;ts undried

Ed

form. . S Y




~

t . N . . - ‘
. side of the long axis of the rectangular exclosures, and on one of the

‘ét 65°c, all samples were,geweighed'aftér drying to determine dry

“wér;‘analyzed~for total nitrogenlcontent using the micro-Kjeldahi

' | 192

An exclosure method was uge& to agsess the changes in vegetation
characteristics with time. Exclosures were constructed from 9.5 mm mesh

chicken wire. McConnell River exclosures were 5m x 2m, Guelph exclosure
~ s -

were 0,75m square. An equal-sized, unexclosed plot was associated with -

each exclosure. This was randomly positigned on either the left or right

L.
I

A
>

four sides of the square exclosures in an attempt to randomize the wind- -

shielding effect of the wire netting. ' ) -

,Eﬁch sampling at the McConnell River involved the clipping to

the moss level of five randomly chosen, 50cm x 20cm quadrats in each

sample plot with a pair‘of Sunbéammelect;ié sheep shears. Qlippings R

¢ 4

were collected in a'domestic dustpan. At Guelph three randomly chosen, -

RS

20 cm square quédraté_in each plot'were clipped tg ground level with
hand sheep shears. All saﬁples vere immediately sealed in polyethylene

bags and frozen within six hours 6f‘qpllection.

£l
-«

Samples were later sorted by hand into green "grass", dicotyle-

»

don, and lower plant and litter components. These cbmponents were then ¢

weighed to #* lmg on -a Sartorius analytical balance, 1971 McConnell °

-

River samples were either vacuum freeze~dried to constant weight, or oven

dried for 48 hours at 65°C. There is little differencé in theupercéntage

’ 2

water extracted by these techniques, or the crude protein content of -
the samples after drying (Appéndix 1). 1973 McConnell River samples

were dried for 24 hours at 95%. Guelph sampleé were dried for 48 hours B .
weight and w;at.er content.

_Samples were then ground through the 0.4mm2 mesh screen of a

Whiley mill. For each sample, three sub-samples of approximately lmg
- .o ‘ - - .

£

&

’ -, =
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e TN LY
. . . )
technique of Johnson (}941). The mean coefficient of varidtion for the

three replicates was 875-1'1.65%0(n=55).:,Tota1 crude protein was esti-’
mated as 6.25 times total natrogen, Throughoot the rest of the text

’ . ~ -
protein refers to crude proteiﬁ. Samples whose pr(:zin content was to

be directly compared were always dried in the same Wyen run, and analyae§§§
. ) . e

'in the same Kjeldahl run. 4 -

Lﬁ the expeti nts«with goslings at the McConnell River (Sec.

1.6) the cover repetitibn ‘method. (Grieg~Smith 1964) was used to estimate
the quantity of available yegetation. The goslings were tested in a 2m

’square enclosure, within this egclosure'lOO randomly chosen—sampliogs
“wete mede with aitoﬁetnfreme'of>four; Iioﬁﬁqaieﬁete}OBEES. The oiggwni"A#Ai.;ui
were inserted.verticaliy ioto the vegetation an& all pin contacts with

the vegetation were recorded; Cover repetition values give an apﬁ%oxiﬁ
mate:indeg of standing £trop for gfass epecies (Grieg—Smith 1964: 8). .
All faeces collected were dried for 24 hours at 950, and analy-

zed in an identical manner, to the vegetation samples..

1.6 EXPERIMENTAL ANIMALS

At Guelph three groups of 10 one year old ggese (1Q blue phase

LR .
and 20 vhite phase) were used These birds had been hatched at Guelph el

from eggs collected at the LaPerouse Bay, Manitoba coquy (approximately

‘200 miles south of the McConmell River), and raised by blue goose fos-

ter parents. Each bird was marked with an individually goded, aluminium
- . ‘ N . .

neck band (MacInnes, Prevett and Edney, 1969) dpproximately one mornth
prior to the experiments. ‘Between experimental:tfigie the birds had

access to vegetation identical to that 4n the test arena, plus a graim
"'4'. o . ‘ , 4 .

supolement.




- N -

Experiments at the McConnell RiVer 4in 1973 were pérﬁptmed with
18 hénd—reared goslings’(eigh; blue phasé and 10 white phase)flvThese

birds were collected from the colony just after they had ﬁatchéd, but .

! before they had left the rflest. For the first 21 days ‘of life the birds

were cao@fingd to a 50m2 pen which was moved whenever the enclosed vege-

s &

tation became obviously depleted. After 21 dayé the birds were allowed *

A

to wander freely around the field station. They rarely moged more than

éSOm from th;'buildings. A higﬁfprotein éupplement (usually Miracle h
dog food, approximately 20% protein) of approximately 30g per bird
L J

(vagying With the birds' age) was pfovidéd daily at sunset. ATh-;

.

invariably consuméa’w1thih ‘10 minukes df’presentation.

. N
-~ i o . -
o - -
-

1.7+ BEHAVIOUR ) - : .

Four parameters of.feeding behaviour were measureii total time

spent feeding per day, mean length of a feeding bout mean rate of pec—

king, and mean rate of walking while feed1ﬁg~q A feedingﬁpout was defined

as bgﬁinning when the head Was lowered beloé‘ihn;horizontal quy aiig,
3 ; - .

dand ehding when the head was raised above this axis‘fo; more. than one

i LA o e . L4

second. The foilowing‘behavioural categories were recégniéed:

.

. Alert (Figure 2a) - the fieck is held at approximately 96% to the hnrin

. P . ) .
zontal body axis, the eyes ate open,

Feed (Figure 2b) - the head and neck of the bird are bei’b the horizontal
body axis, repeated pecking movements are directed at the vegetation,

. Preen (Figure 2¢) --the beak is used to manipulate and rearrange the,

feathers. . , . . e
, . ’ ) . ) - . R 5 rd A. i
. Roost (Figure 2d),- the ventral body surface is in contact with the -
- X . ' -

-  ground, the head rests among the back feathers apd scapulars.

L




Figure 2, SCHEMATIC REPRESENTATIONS OF
BEHAVIOURS OF ADULT BLUE GEESE RECOGNIZED
IN THIS STUDY.
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. “Prood (Figure 2e) .~ the general physiognomy of this bshaviour is identi-

igal to roosting, but the goslings are kept- closé to the body under the .
o 2

‘arched wings.. Slnce‘lt.proved impossible to distinguish brooding birds

- ) from roostin ‘birds at-distances greater than 250m, the ;wo categorles\

AN

wvere combt’/d for anaLysis.

. Other - any behaviour which does not fall into.one pof "the abbve cate-~
gories. This includes drinking, bathing, swimming, running and aggres- #
. ; ¢ -

»

sive-behavibgr.. In any given sample period less than 5% of all observa-

g ..

tions fell into thie eetegory, s

The proportion of total activity time allocated to each behavi=-
our was estimated by "scan sampling" (Altman 197@). At _regular intervals
. N s

the group QI blrds under observation was scanned with 8x40 binoculars ]
0 "

<

or a 30x telesCOpe. As soon as a bird was visible in the field of view,

its behaviour at that instant was classified and“recorded on a multiple o
* . d »
key counter. The proportion of time spent in each activity was:esti-

mated from, the proportion of birds engaged in this activity at each
sampling. Bout length was recorded to the nearest second. During the

course of a feeding bout the total number of pecﬁs directed at the vege-

L 4

tation was recorded mentally, and the total number ofrsteps‘taken,was

recorded on a hand ceuntet. Ongcompletion of the feeding bout » these
.values were transferr‘ to a data sheet. These data were then used to
eaiculats number of pecks and steps per minute of.feeding.‘ The method

makés no assumptions. about the success of individual pecks. It.is simie
* . ‘ " X - - ‘u

lar to tne method used by Murton” (1963) in his ifudy of wood pigeon e

w,
-

(Col%mba Eelumbus) feeding. Gosling feeding bouts were so long that it . Ca™

‘ L 4 .
was impossible to obtain a reliable count ofqthe total numbey of pecks - -

v ¢

¢

in a bout. Instead tk@ time taken for 50 pecks, and fhe number of steps o
[ - s 0 .

.
B

J' : , t

- N )

¥ ’




hd

-

'

»

“taken in this interval®were recorded, a method used by Owen (1972) for -

white-fronted geese #anser -albifrons). There “are no data for feedingl}éb
v : N . N - N . i 4 £
bout length in goslings. o

4 *

e

1.8 INTAKE . v o

N . ' ~#
/

Several methodstcre used‘%; estimate the quantity of vegetation

ingested by graadng blrds. Adults were weighed to * 5g on a Chatilon

-
-

autopsy balance., Goslings were weighed to * lg,on an Ohaus triple-ﬁeam

¥

balance. Such’accuracy is only possible ;ith tame birds, g%ich/w;ll

* sometimes sit passively on a gefgbing ban for"a‘suitable Length of time.

. Outdoor weighings at the McConnell River were éerformeﬂ within a small

¥

(— A T , . .
. _scanvas tent to minimize wind effects. . X

, . .
pefaecatiqn rates at the Mc€onnell River were measured by-the

‘ -
interval between successive defaecations for an indiJidual whose cloaca

-
o v

was Visible‘duiihg the entire observation period. This method could not .

a . - ~

e used at Guelph where defaecation by the geese was a relatively rare

eyent.‘:fvenA0wen's (1972) method of estimatiug half the interval be-
tween.defaecations by randomly ch031ng an individual ‘and then’ recording

N ,

the time to fxtst defaecation proved impraetical The total number of .

> ¢

faeces deposited in a 24 hdur period by a group- “of 10 experimental bir¢s’

within a 10m square test enclosure was counted and this quantity, was-

used to estimate the g;mber of droppings_produced by each indiqidual-per
. P

unit time. " Each ﬂroPping Was squashed after counting to prevent dupli-

cate ‘cdunfifg. This method has 1iwited rerfdbility as piles of drop-
. : LK

? »

pings d€posited while roosting are difficult to count accurately.
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2.2 UARIATION IN VEGETATION PARéMETERS WITH TIME

\ 5 N t o
: S ' ¢ .

. ) ¥ !
° ) GENERAL FEEDING BEHAVIOUR d

. , : ; | - _

« 'Dumplings/ Being better than flowers ;-
N o The geese are returning there?" )
- . Teitoku. L
2.1 ENTRODUCTION - "L
' .. . . N ’,

Components of the model have so far been designated on the bagis™-

P .

P . R

of their ease of meagurement. For an analysis'based on-these variables
& .

I3

to be more than an exercise in curve fittlng, it is necessary that the °

<
[ ?

s
1

components also have some specific meaning in the goose s Umwelt (von
0 < ) ! ' = ’ =

“Gexkiill 1934). If we exclude metempsydhosis on practical grounds, it

&

is only possible° to infer the existenge of such a meaning.

¢

Since the.chosen components of vegetation show a consistent

i \

variation durlng the Course’of the arctic summer at the MoConnell River ’
<,‘ -

?(Sec. 2 2), if it ¢an be. ehown that the expresslon of the behav1ou 1

»~ o - °

components varies in A predic'ﬁBle and concomitant fashion,with ‘this’

)

G . “
vegetational.uariatiqh, it,seems valid to consider that the measured

n

. _ ,
components reflect sqme intrlnsic functional process. In.!ddition, a
N . e .

-simple, quantitatiye deseription of the variations, in,feeding'ﬁehav1our

witH time provides a broad intuitive insight into the nature of the feed-

o - o

ing process..~ §uch a crude analytieal techniquebis obviously lﬁcking in
rigour but it can enhance both the realism and 'specificity of the ﬁypo—'

theses €0 be tested. ' - . ’ ’ s .

o

IQ M ' 3 . © ) -
. ) ’; . . . o
>~ . A

P

it
e £on
ﬂA complete Hata set on thé ehanges in végetation quality and

r R :

3quantity throughout July and August is only available from 1971, How—

-

ever; ehese—variations_a:elremarkahly_similar to those obsetved by other

<

o N R ’ . “
L T 19 —
. . %

o




: obviousiy précludes the drawing of precise.statisgical inferences. It

. - 2.
» . 5 P

. . R
workers at comparable sites in the western Arctic (Tieszen 1972, Haag,
1974). As they are also confirmed by the more limited data for 1973

it seems valid, to-consider the observed variaﬁions to.be typical of -

2T ~
~

arctic tundra grassiands. o N

i

v ~

f

different study areas. Such pooling, without any. testing for homogeneity,

K
¢

Data are presented as mean, values from several sites on two

-

. . -

15; however, valid fo;'dascribtive purposes; proViding an indication of

2 .

the overaai variation in the different parameters over & wide area.

. ’!‘ I
e

+ The quantity of green grass attains a maximum value in the

N -

first week,of August (Figure 3). 'A“quantitatively similar ‘pattern of

variagion to that ‘shown by the ungrazed- vegetation - althoygh with some- °

- what hzl.ghei“a oVerall values - was found by Tieszen (1972) for a wet

-

sedge meadow at Point Barrow, Alaska, where there aré no nesting geese.
. -~

[ [ »

The amount of vegetation rembved by grazing animals - iqdicated by the,

discrepancy between the two curves of Figure 3 - is considerable. The

*

-constancy of the difference between the quantity of grazed ‘4nd ungrazed

vegetation fhroughout July and August indicates the paintenance of a

balance between‘gahoval by herbivores and new growth, since geese ‘were

s ‘

: preSent throughout the entire’sampling period * The fact that the iﬁ:

- Y. y A% -

~cline in both grazed and ungrazed plots in Aqgust was- almost identical

-

_indieates‘that growth was continuing longer in the grazed areas. Des-

[

H’§ [y
pite the heavy impact of grazing, the available food supply for geese

'“rwas‘increasing until the end of the- first week in August. Smaller sample

-« -

el

sizes wdre used?ip‘1973,@but the variations in total standing crdp of

vegetation (Figure 4) indicate ¢he’6ccurrence ofoqualitatively'simiiar

ni.

¢

cﬁanges in~ food avaiIabiiity in tﬁis year.

R ’ - : . ’ ~
o L &

. . .
- s P i
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Figure 4. VARIATION iN TOTAL STANDING,
CROP OF A}L VEGETATION WITH TIME AT THE
McCONNELL RIVER, N.W.T. 1973. “FIGURES
BETWEEN CURVES IﬁDICATE NUMBER OF SITES

SAMPLED
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&

The percentage water in the grass component of the vegetation

,was not measured in }971. How%ver, in 1973 thére was a highly signifi-
- (fﬁ a N L ] .

cant, positive co;relatioﬁ“between‘the mean water content of the grass
B : ) ‘ -

at a site and the mean water content of the entire vegetation sample

(r = 0,79, n'= 35, P < 0,001): Since total water:content was measured

in 1971:Ve can use this as an index of the"varfation in water content of

’

the grass, Water content remained constant fer most of -the summer, but
. e ' S
declined markedly in' August (Figure 5). A similar pattern of variation .

: 4
is evident.in 1973 (Figure 6); the most noticeable feature of these -

data is_the very. low water content of the vegetation in July and August.

E4

This is probably the result of an exceptionally dry summer. Befﬁeed

@

June 25 and August .10 there was less than 0.75cm of rain, This paucity

I » . . . ’ - !
of water was exacerbated by the coinbination of frequent ground mists and

[y

offshore winds, which further dehydrated the area. - -

. : .

~» The protein content of exglosed vegetation reached a peak in
lagte July in both years (Figures 7 and 8). A similar patterning was ’
observed by Haag (1974) for a sedge meadow at Tdktoyaﬁtuk, N.W.T., al~
though he onlf sampled the vegetation'three times in ehe course of the
summer, This'peak in protein cppted? probably co#responds te'the period

just before maximal vegetation growth,. Haag’(1974)‘suggests that the .\\
) ' » -
decline in prdtein;content in August represents the withdrawal of nitro-

£

gen'and phosphorous to the root system which precédes leaf seﬁeseence; .

* The grazed vegetation shows 4&. rather/gﬁf\erent variation (Figures 7 and’
8). Although a maximum protein contlent is reached by the last ' week of

July, there is little decline in August. This faet, in conjunction with

the continued productivity-of'thé grazed, vegétation in Augusf is,strong

evidence that gobose grazing is gainte;piﬁg the vegéfatiod in a pre- \_\\

flowering stage which is bdth’more nutritious, and more readily digested

, . -
‘
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Figure 5. VARIATION IN WATER CONTENT. OF )
ALL VEGETATION WITH TIME AT THE McCONNELL T .
- RIVER, N.W.T. 1971. FIGURES BETWEEN
CURVES INDICATE NUMBER OF SITES SAMPLED.
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Figure 6. VARIATION IN WATER CONTENT OF
ALL VEGETATION WITH TIME AT THE McCONNELL'
RIVER, N.W.T. IN 1973. FIGURES®BETWEEN

CURVES INDICATE NUMBER OF SITES SAMPLED.
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. . . o i )
than the ungrazed vegetation. This type of mechanism was first! glggested
- s 4 . . ‘ /
by Vesey-Fitzgerald (1960) to explain the apparently overgrazed appear-
. ) ' . <

3nce of some east-Afrlcan savannas, although‘he had no quantitative
evidence. This hypothe51s will be discussed more fully in Chapter 6.

Thus‘the geese 4t the McConnell River?are emposed to a food

”

s source that is increasing both-in quantity,and quality until at least“

Y n ‘
the first veek of August It is in the light of this variation that

" L4
. -
—

the observed variations in feeding behaviour must be considered

b
” C & 2\/
2.3 THE"MECHANICS OF FEEDING
2 e

Blug geese exhiblt two distinct feedlng modalities - grazing

ahd rooting. Gra21ng is the predominant feedlng mode in summer,oalthough

-
.

it is used .in winter if fresh, green grass growth is available. ,Rooting
.t 2 . ‘ e

is primarily practiced on the wintering grounds (McIlhenny 1932): where
- the ground 1s sufficiently soft for effiglent probing, It. is also used

by all brrds when they first arrivevon the breediqg grounds - provided

t 0

'_suitable open ground is available;~,and by non-breeding:@dults in Junz

. Rl ., N
and'early_July. . * ) k :

’

' Two dlfferent grazing techniques are utilized depehding on the
:nature f the grazing substrate. When geese feed on coarse grasses the
:partiallyfopen beak is inserted into, the vegetation\dith the'head tadtred

laterally (Figure 9a). The bilP is closed trapping vegetation along —~

e length of . the Bill (Figure 9b), the interlocking transVerse

the two mandibles Hold the vegetation firmly. Thé head is’

B ‘ . s
then rapidly re racted from, the vegetation and !he grass is torn off
0 .

against the serrated shearing edge of Che‘ 'grinhing patch" (Figure 9c)
:

The typlcal ragged grass tips produced by this tearing action can be

sl

“seen throughout Figure 9, This sequence of actions corstitutes a‘single' v
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. Figure 9a. PECKING MOVEMENTS OF MALE, -

-
. ¢ A

- ‘ : .
WHITE PHASE BLUE GOOSE WHXZLE GRAZING ON
ONNELL RIVER, ©

~

ELYMUS ARENARIUS AT THE
N.W.T. 1973

INSERTION OF BEAK INTO VEGETATION

.o : . ‘7; ‘-
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Figure 9b. PECKING MOVEMENTS OF MALE,

WHITE PHASE BLUE GOOSE WHILE GRAZING ON

ELYMﬁS ARENARIUS- AT THE McCONNELL RIVER

N.W.T. 1973,

GRASPING OF THE VEGETATION

~ .
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. Figure 9c. PECKING MOVEMENTS OF MALE,

WHITE PHASE BLUE GOOSE WHILE GRAZING ON -

’ ’ ELYMUS ARENARIUS AT THE McCONNELL RIVER

: AN
N'W.T. 1973 Co v ]

‘\;‘_—”//INGESTIQN OF GRASS BLADE '
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\ .

peck", which may or may not be. successful in removing vegetation. Geese
normally peck so fast (60-100 pecks per minute) that it is impossible

to distinguish successful pecks from unsuccessful ones. Concurrgnt with

~
]

;he peciing action, already ingested vegetation is pusﬁed down the oeso-
phagus by the action of the tongue and the pressure of additionhal vege-
tation accugula;ing in the upper oesophagu; (Ziswiler and‘Farnei 1972).
When feeding ;n’fine grasses the saﬁe general procedure is useéd, buf the
beak is\insgrted/éii;st perpendicularly into tbe vegetation and only the

terminal nail of the beak is used to grasp vegetation with a forcep-%ike _ 1

-~ - ‘ B »

s
action. Very fast pecking rates - in excess Qf 120 per minute - are

4 . &
sually associated with rhis method, since only a small quantity of-

Vegeta i removed by each peck, This technique is infrequently used

by adult blu. geese, but it is the.major method used by.blue goslings,
and adult small-billed goose species (Anser Yossi and Branta canadensis i
: ‘ h = ,

at the McConnell River). . * » ’ N

In rooting - essentially a pre@atdry activity - the powerful

‘bill is éhrust rhythmically into the yielding soil, presumably until
the beak tip makéé g&ntact with a root. Thé objgct of dg;ire is then .

_withdgawn in a series of small, backward jerks which superficially re-
semble the pecking metions 6f.graziné.‘ 1f a particulari; large root is

contacted the legs are braced apart and.the root may_he'puilgdAwith such

”

- violence that the goase topples over when the radicle finally breaks.
Root fragments up to 10cm long may be extfacted by this method. :
. / ' ’

L
2.4 TIME SPENT IN DIFFERENT ACTIVITIES . . - PR

‘The variation in the amount of time allq&ated to each of the

.- . .
< - *

five behaviours in the course-of the summer was recorded for both adults

- . ! . R -

-




$a

uted throughout the‘dayligﬁl hours.

A

and goslings: The methods used for pre~hatch adults, post-hatch adults

ahd goslings‘differed slightly, and the respective values obtained may

- ~

' . ) - 4 s
not be strictly cqmparable. Adults dp feed in the period between their
arrival on the breeding grounds and the inception of incubation, if

suitablé‘vegetation is available. .However, most time is devoted to the
acquisition;and’defence of 5 suitable nest site. There is little feeding
during incubation (Ankney 1974). The %emalg spends the vast majority of
her time incubating, and the male remains in close proximity to the pes;.
Obgervation from the arrival of the birds to the first week after hatch
were confined to-feeding birds. Males were rarely observed to feed in

this period, and usuélly remained alert while the female of the.péir

fed. The behaviour of feeding females was recorded at one minute inter-

" vals for observationyperiods of up to 30 minutes per individsal. Such ¥

1

data can only provide information on the behaviour of females while awvay

-

from the nest. This technique was also used to‘collect daté’on‘tﬁe . .

behév;our.Of both species during the first week following hdtch, when
families were leaving the main Bregding areas and journeying to the fav-

oured feeding areas. By the second week following hatch geese were dis-

persed Qidely over the tundra in loose aggregations pf several families.

- The behaviour of these birds was recorded from raised observation towers® .

'using the scan éample technique (Sec, 1.7). - The behaviour of every bird

- whose whgle body was clearly visible from one window of the tower was

.. noted at five minute intervals for béribds of one hour evenly distrib-

- S P -

(4 (*
It is almost impossible to determine the activity of small

/gPSIings at distances of greater than 200m. Instead, observations were *

made on the hand-raised goslings. The behaviour of these birds could -

4
A
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not\girror exactly that of wild goslings é&hce'they had access to neither

\\_’\

a parent bird for brooding, nor - duriﬁg observation periods - suff%ciam
water for bathing or swimming. In addition, 'the captivé-birds were
given a dietary sdﬁplement‘(Sec. 1.6) which may have modified their be-

haviour. ‘Howevef, the information obtained from these birds is inter-
- ~

nally consistent. The behaviour df test groups of three goslings-was re-

“corded at-30 sec. intervals for observation periods of one hour, between

-~

10:00 a.m. and 2:00 p.m.
The dﬁta are most readily assimilarted by cbnsidering the vari-
ation with.time in the expressivn of each behaviour for both adults and

goslings., The percentage values used in the text and figures are means
\ .

of all observations in 10 day periods. Where observations were not

evenly spaced through the periédﬁ data points have been located gt”thé

median observation day. *

Alert (Figure 10a)
Adults spend significantly more time being alert before hatch
' than after (t=4.26, P < 0.001). Feeding:and being alert are the two

_major components of adult behaviour, the expression‘of one varying in-
- . N .
versely with the variations in thé other. Time spent alert is at a

hiniigF in the first week following hatch, when considerable time must
: &,

be devoted to brooding the goslings. Goslings spend less than:10% of

their time being alé}t, this is‘significantly 1éss than the time spent Vv .
- . . :’

\ . . k)
glert by the adults (Table 1). . N _
Feeding (FigureKIOE) . ’ ’ LL L

»

. In 1971 and 1973 the majority of resident geese arrived on the ’

breeding grounds in the last week o
c

of the area was snow covered, but fem

y. At this time more than 40%

es were observed rooting in

14
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Figure 10. VARIATION IN PROPORTTON
L ~

OF DAYLIGHT HOURS ALLOCATED TO DIFF- “

- ‘\\

ERENT ACTIVITIES BY BLUE GEESE AND
GOSLINGS WITH TIME, AT THE McCONNELL
RIVER, N;W.T. 1973 * *

A. TIME SPENT ALERT ;o

"B. TIME SPENT FEEDING

C e

ay .
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GOSLINGS

BEHAVIOUR ADULT ALL OBSERVATION  TO AUGUST 1

oy - -
. IS .
<

ALERT ' 14.9 + 0.58 %% 7.1 + 1.20 (49) 7.6 + 1.46 (35)-

€ * L} - .
0.66 (421)° 71.9 + 3,50 * 82.7\3-_ 2.26

C - : FEED - 76.4. %
/ PREEN; 1.0 + 0.' o 5.9 i.l.’lé. A% 2.0 +0.44 ,
REST/BROOD  6.1.% 0,421 Hin 14.9 + 2,62 * 7.5 + 1.55 ,
-, OTHER 1.6 +0.29 *k. 02 +0.15 0.3 + 0.22

Table 1. ' PERCENTAGE OF DAYLI('HT HQURS SPENT IN DIFFERENT ACTIVITIES BY

BLUE GEESE AND GOS;.INGS AT THE MCCONNELL RIVER, N.W.T, IN 1973 ASTER- ‘ t

ISKS INDEA'FE THE PROBABILITX {FROM A t TEST) OF THE DIFFEREILICE BE‘I‘WEﬁN i
.. VALUES ON ‘EITHER SIDE OCCURRING BY CHANCE. * P < 0 05, #** P < 0.0I,

’

*k% P < 0.001. ALL TABLED V»ALUES ARE GIVEN AS MEAN VALUE +‘0NE ST&DARD

J\ . ERROR, FOLLOWED BY THE SAMPLE SIZE IN BRACK%TS oL
¢ . d
(1 / ' b
- ' ' 3
- !,\ _ . . ' - o
& -
¥ f [
V; N e, “
g - . 3 '
A
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*suitable areas;ﬂ Although <incubating femalesarareiy leave- the nest;'65%

‘ . N 5 | - -
of the time away from the;nest is, spent feeding. . L \

-’ . ° .\' ' A

- After hatch both sexes feed extensively. The ambungcif time ,
. spend feeding increases significantly above the level during incubation

(t ='3.34, P < 0.01). It rémains comstant at 77% of the daylight hours
. - ) w : B
fbr the'resq of the summer. This is eduivafent to 15 hours feeding per
L R ‘ z ’ " . 4’\& ' =
day. * . . . - v
(‘( L o N .
,Gosllngs qe not feed in the first two or three daxsffSTIbwing

hatch but survive on the re&nants of the embryonic. yolk sac. Qn/e this »
. > ’

v

has been completely absorbed they spend up to 9Q/ of their time feedlng.

't

’ »

The amount of time spent feeding decreaies during August; before thls it

]
-

is higher than the amount of time spent feaeding” by the adults (Table 1).
. . Wy
There is a 51gnlflcant decrease in the amount b; time-Spent feeding in®

e ) . ) N . ‘ . . - . B
August (Table 1). This~ts in paéi”an“artifact., Tﬁ%ﬁhigh proteian sup-
o . ) - - .4

FIEY

' August.or'first'week of‘Septeﬁber The test goinngs responses were
—~ N ’
° . »

. not, therefore typlcal of wild bifds. Hoﬁever:/there is a significsnt ?

-
t

-

linpear. correlatlon between date and time spent feeding-for the indiv1—

. v .
dual.observatioﬁs up to August 1 %{ = é0.57 n o= 18, F’< O.ﬂS). This

implles that at least some - of the decrease in time speﬁt feeding in

\,

Angust had a realcbasis. Such a decrease may have bagn Epe result of'i

) increased feeding eff}ciency with increased bill size and potential

, neeking:rate. _ | _

| fre;ning (?1§uré"10§)\ e .. " ' ‘>~- ‘ ’; " l’ . - "w‘. i_?"
a Preening activity did not change signifieantly duringhthe

{

summer, exce for‘the fact that goslings showed an ‘inctease in this
Pt g P
: . ‘ /"
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. . BY BLUE GEESE AND GOSLINGS AT THE
. UCCONNELL RIVER, N.W.T. IN 1973.
' ’ ? - ' - i
‘ . . TIME SPENT PREENING
. % . D. TIME SPERT ROOSTING OR ‘BROODING
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Figure 10 cont. VARIATION IN -TIME

o
. ALLOCATED TO DIFFERENT BEHAVIOURS
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activity in August when the manr fllght and {ontour feathers were erup— .
ting. Goslings spent signlflcantl&x S% time preening than adults’up to

August 1 (t = 2.20, P < 0.05).

o

Roosting and Brooding (Figure 10d) ,
. - g o v

As already noted (Séec. 1.7?rihis is a composite category. Adult "
behaviour shows a peak inm this aotitif§/;; the first week ‘of July. This
value is significantly higher than the values for the pré!%eding and fol-

lowing 10 day periods (t = 4.48, and 4.33 respectively, P < 0.01). After
-~ .. s i ‘::
the first two weeks of July the value remainsfconsgant at 5% of total

-
-

time. Only in August do gosllngs spend signlficistly pore tlme restlng

" than adults (Flgure 10d) #+ This may he a consequence of the decrease
. . ) . . @ 2
.in.time spent feeding by goslings in this month. The gosling values

may be lower than the appropriate values for wild gosi}pggé_as the test
birds did not have access to a potentially brooding adult/ - although
. { b

they did tend to huddle.;ogother when under thermal stre;;. Resting §s

the maéop alternative activity to feeding for gosiings. "Increase in the
D PR \ ' .

time speﬁt in onelgctivity is generally achieved by decreasing the time

. allocated to the other activity.
N~ L .

‘ L o . ,
'Other Activities— - . : e

- Py

-Other behaviours such as bathing, sﬁimming; and intei-familj

aggression occurred too infrequently to be.individuslly scor Aithough

‘ a - - <

adults Spent significantly more time in these actiwities than goslingﬁg
(Table 1) this has little or no biological meaning,vsince the gz:%ings

had no opportunity to bathe d% swim. during the observation periods. -

.2

“oa

'2 5 LENGTH OF A FEEDING BOUT . .

R
'.’\; ) - A
e Variations in th@ length of a feeding bout for both sexes are
\ a 1 . !
\ -l . .
: "‘ .
- L4 p :
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indicated in Figure 11, Males oonsistently fed for shorter IEngths of
- P _ . . o .
time than females throughout July and August. 7This is partially exp-

"lained by differences in alert behaviourjbetweeu the two sexes. Being

alert is an iptervening behaviour either between successive bouts, of the

L]
¥

same behaviour or as part of the Qransition from one set of activities
to another. No 6tﬁ%r behavioural category has this patterning. "Thus a
feediné sequence consists of strictly aIQErnating byuts of feeding and Y

being alert, the terminal alert act precedes thepinitialiect of the )
- '. . '

next behavioural sequence. The difference‘in feeding behaviour between

L

" males and females may, “therefore, be due to-a simple ‘difference in the
'lengihs-ofltheir alert bouts while‘feeding. This is partially true; in

a sample of ten pairs t&ken on the same day, male al;rt‘bouts averaged’

4.8 % 0,41 seo; while females' averaged 2.5 * 0.30 secs. { This difference -
'is highly signifioant (P < 0 001, two-way anélysis of variance) dbut

does not completely explain the;observed digference in bout lengbhs

which was more,bhau 7\sece at the time ‘of observgtion.~ Thus the~inei-
dence of male alert bouts must kave been more frequent than female-bouts.
We can test this hypothes1s empirically. At the time of observation,’«-

B R P el 74

behaviours other than feeding and being alert occupied 84 of the birds'

.

time. ﬁssuming €hat alert behaviour is evenly distribated amongst all
’

activitﬁes;pjhe i/ since alert behaviour occurred 15% of thertimet— 91%
ol : . .

-

of the'tié@' s devoted ;o feeding'seguences (77% + [15 x 0:92]%);‘ At”
this time’mele feedingtbouts averaged -19.2 secﬁ, therefore (19;2/[l§.2 +
4.8]) x 91 = 73,6% of male time éhAﬁig have -beeX spent fe A1

~,1;£i§ females shpuld haye spent (26.5/[26.5.+ 2.5] 84.8% of their

time Ming‘. _Assuming an equal sex ratio, we expect all geese to have (

- spent (84.8 +73.6)/2 % of their time feeding; This estimate of ]7.&%




I3

lies within the 95% confidence interval of the observed value of 77.2 %

0.66% (n=265), The arrangement has the additional advantage that - pro-
: r

vided feedifg and alert bouts are of relatively invariant length, - the

-

alert periods of the two members of a pair should never overlap, thus/
’ L]

ensuring maximum Surveillanqe efficiency ’ -

a

The iength of male and female feeding bolts increases progres-

sively throughout July and August (Figure 11). The increase in early

*n

July is explicable in terms of the “concomitant increase in total time

spent feeding (Sec, 2.4). However, the later incredses do not coincide

S
w1th any 51gn1ficant changes in this variable. Vegetation quality does .

decline in the latter half of the summer (Sec. 2.2). Thus an individuaI?

must cover a greater area during a feeding bout in August to encounter

A . ' (S

the same overall~qhalitf’of vegetation than it did in July. Since an
. . R . L]
© increase in the rate of walking seems to decrease intake (Chapter 4), it

would seem more profitable to increaseée feeding’boutdiength and decrease
- o

pecking rate at this time. -Evidence for this contention will be pre-

sented in SecEfZ:&. . . »
LY RO . e e - R .t g R ’
AN
2.6 RATE OF PECKING

When birds first arrive on the breeding gfounds litfle or no °

vegetation is available, The roots of various monocotyledons 6rov1de

v Ly

the major potential*food source, Pecking rates at this time are very
s

-

low (F1 ure 12); in fact " ecklng is a mlsnomer for a process prlmarlly
8 . P

L
involves. probing and pulling. As new grass growth aﬁbears this becomes

the ﬁredominaﬁt food item, although thecleeves of certain dicotyledons

are, consumed, f%cking rate increases to a maxiqpm in mid-July and then
‘ 3 L S . ’

declines (Figure 12). The.shape of this curve glmost exactly duplicates

e Y

s
A

a
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" Figure 1. VARIATION IN LENGTH OF
FEEDING BOUT WITH TIME FOR MALE AND
'FEMALE BLUE GEESE AT THE McCONNELL
RIVER, N.W.T. -1973
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Figure 12. VARIATION IN THE RATE OF
PECKING WHILE FEEDING WITH TIME FOR
MALE AND FEMALE BLUE GEESE AT THE

McCONNELL RIVER, N.W.T. 1973
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that for the variation in_grass frotein content (Figu;es 7 and 8).
There is very little rogt feeding in August, probably because the grouhd

is too dry for efficient bing. Males and females show _identical pat-

-

terns of variation, but males peck consistently slower than females
(Pigure 12).. o ‘ .

Goslings show a progressive increase in pecking rate that con-

tinues throughout the whole summer (Eigdre 13), attaining a value in

[N

August which is in excess of the maximum recerded for adults, It is

probable that goslings peck at a rate close to their physical limit.

\

2.7 RATE OF WALKING ‘ ” .

R »

The number of steps . per minute taken by adults shows no obvious
- .

trend through the summer (Figure 14). Its constancy throughout July and ‘

August is consistent with the hypothesis tutlined in Sec. 2.5. 'The very
o A ) P =
high rate shown by females in June is probably a response to newly

sprouting vegetation, which is both high in nutrients (a ”nutrieﬁt" is
defiegd as ”aﬁy property.of the food which affects the weifare of the
animal" [Westoby 1974]) and easily digest;ble (due to its low cellulose
content), but is-widely scattered. In thiéscase the nutritional advan-

tages would probabljzoutwélght the decrease in intake associated with

s

rapid walking.

Goslings show a progressive decrease in the rate of walking

during the summer (Figure 13). This is,brobably related to the concur-
fad .

~

~

rent growth in tarsus length, so that distance covered per unit time

should have been relatively cogstaﬁt throuéhout'the_summer. No measure-

— ¢

ments of the vardation in gosling pace length with time were made.

©
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Figure 13. VARIATION WITH TIME IN THE

RATE OF PECKING AND WALKING: WHILE FEED-

e »
IN CAPTIVE BLUE GOSLINGS AT THE
‘ McCONNELL RIVERs '1973
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- Figure 14. VARIATION WITH TIME IN THE '
* | RATE¥OF WALKING WHJLE FEEDING FOR.MALE

AND FEMALE BLUE GEESE AT THE MpCONNELL - ‘ )

oy, o / -
L RIVER, N.W.T.” 1973 § .
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2,8 DISCUSSION . : st ~
- AT o .t

The-overall variations in the chosen parameters of feeding be—

L -

hav1our can be explained in the context of parental responsibility and

2 »

the changes»ln vegetallon quallty and _availability. Some enigmas remain,
'3\,,, . ~

“"however., . Throughnut July and Augusé daylength - and therefore the time .

. ‘eva}lable for feedlng - is degreas1pg; yet during this period the pro-

.portion of time devoteg\to feeding remains constant (Figure IOE). Thus

N
H
~

the actual ameunt of time Spent feeding decreases durlng the summer ,

.
s

 Some &f this décrease is explained by the steady increase in vegetatlon .

L

»proteln content ﬁhlch continues unt11 late July. However, after the

" first week of August both the quantity and the quality of “the available

e

IS [

vegetation is ingdeclime. - Agajn there %is a partial explanation in the

decline in vegetatioh water content at this time (Figures 5 and 6). 'If
‘ ’ - & t. A ) =
the volume of vegefation removed_pex peck remains constant, then a
. - "\ ’
beakfull of vegétatlon at the end of the summer certalns more protein

¥a

per unit of fresh weight at the end of the summer than ‘a Jyly beakfull

In add1t1on, it is probably impossibletfor thelbirds to increase “the
total time spent feeding above this level. Even small passerines feeding
M - @ L3
on short winter days do not spend ‘more than 807 of thelr tlme feeding .
, <

(Glgb 1956, '1958 1960), a limit presumably set by tﬁi demandé/;f other r

maintenance activ1ties. Blue geese do in fact havg a strategy to par—
<

tially overcome this problem - by dividing -the time necessatily Spent =,‘

alert unequally between the sexes and between adults and goslings. Alert

y

behaviour serves mainly to protect the young, sirce there are few if T,

any predgtors other than man capable of captﬁring an adult in the arctic. o~

Adults spend nearly twice as much time as gosllngs alert Yhus enabling o

the gosllqgs to devote up- to 907 of their time to feeding. A similar o



B
-,
TN,

" a kndéwledge of tﬁeapfecise effect

A ]

‘étrategy was observed by Qwen (1972) in over-wintering families of —

white-fronted geese-in~Eﬂgland. ‘Additiomally, males spend twice as much
time alert as females, thus allowing the females to spend 85% of their

- . ,Q J'
time feeding. The effectiveness of this strategy is underlined by the

-

fact tﬁar‘ females in‘Creéseg their body wgigh;: by 30% in@ly and Augusé,

whereas male weight remains consténtﬁ(Anknéy 1974)V

- . m—

Grazing tactics - the quantitative'ch?nges in behavioural expres-
sion - vary in an obvious way with the changes in vegetat;on parameters
r‘

until late July. At this time vegegation quality declines, but ‘bout

1éngth continues to increase and pecking rate;depreéées. As the availa-
bility of high quality yégetapion dgclines a grazing bird mustvéoyer

1

a greater area to obtain‘phe'same amount of vegetation. This can be

achieved in two ways: by walking faster, or feeding in longér bouts.

It will later be shown that increasing the.speed of halkiﬁg'adversely

- 3 I
affects intake. 'Thus the optimal tactic should ﬂe to maintain the num-

ber of pecks per'bout relatively constant and to increase bout'length -

-
‘ k3 . N — .

and thérefore seléctivity - as vegetation quality decreases. As Table

z~2»indica€es,cthe number of pecks per bout doés vary less than either

bout length or pébk rate. This phrtial confirmation is gratifying but-

not totally copvinciﬁg. An adequate explanation ig'only possible With .
r i LY ’ "

of variations in feeding hehaviour
. o L . .

on actual. intake. °
' o
Tt is clear that the-chosen

~
- 7
o4

havioural parameters do vary in

I A‘

‘a qualitativély predictable manner with the cbséqyed‘cﬁanges in vegeta-

L]

tion parameters. They thus gati i?my criterior for biolbgical‘validity.

’ s o\ - .. , e .
However, to truly step insid¢ the portals 'of science it 4& necessary to
aétampt o quanéify the observed relationships. This can only readily

. - f" . ; -~ .

= f ‘o ‘ i %3
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BOUT t ’ '
\DATE ~ LENGTH CHANGE  PECKS/ cmudop  FEOKS/  uider 2
- MIN : BOUT
(SECS)‘ l" i 7 N : &
10 JULY - . 21.3 §3.;/i . 3322
247 T S11 - 117
. - ¥ -
23 JULY 26.5 ., 83.1 36.7
N 2 11% 1%
7 AUGUST . 29.8. R VA R * 36.8
b | 97 297 * 9%
) , ’ -
120 AUGUST  27.2 95.4 43.2

o < /
» .
.

d

~

.
\/
»

, Table 2. PERCENTAGE CHANGE WITHPTIME OF SOME FEEDING BEHAVIOUR ‘PARA-

\ ¢

METERS FOR FEMALE BLUE GEESE AT THE McCONNELL RIVER; N.W.T. IN JULY AND

AUGUST, 1973

&
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. Cre b : / ‘ .
___ be achieyged by 1mpos{ng some control on the varlations of. the chosen

\ -

vegeta)lion -parametggs., | i .
L SN S
2.9 SUMMARY o S ..

Adult blue geese spend 14 to 17 hours per day feeding in July

and August, goslings 'spend up to 18 hours in this actitity:. The major

~

Qi&ﬁ%nativg activity for adults s being alert. ,Males are alert.more
‘frequently and_&or longer periods than females. This enables the fe-

males and goslings to spend a maximal 5mount of time feeding. ’Chﬁhges

.

'in feeding-behaviour can bé related to toncurrent changes in the nature

v
w
A}

and aQéilabiiity of food items.
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’ VEGETATION AND BEHAVIOUR r
"In order-to follow ‘the indications of ,
' 1nstinct there’ 1é.no need to perceive .
- objects, it is enough to distinguish
. »  properties." ~Henri~B‘ergson. -
S/ o ' . L.
3.1 INTRODUCTION  ° ' S '

]
¢

’ Analytical studies of the,way in which{eeding behaviour varies

with changes in food characteristics. have predominaatly employed labera~

tory populations of predators. .In addition, they have concentrated

pfimarily”on the visual cues associated with prey objects: colour
(Gine&z and Larkin,l973); contrast (Ware 19?1); size (Hoiiing i968, Ware

1972); or abundance (Holling 1966, Ware 1972 ; Hardman and Turnbull 1974).

A notable exception is the study by Grlme et al (1970) of the role ofr -

chemical and tactii;/cues in the.food plant preference of Cegeqa nemo-
v 4

ralis. Field orlgnted studies have similarly concentrated on the

y - . - N

importance of visual cues to avian predators (Tinbergen et al 1962, Croze

1970, Smith 1§%4b);* These preocc{ipations are nnderstendabie. Manipula-,
t ) o < -
tion of the form of prey items is relatively easy and a subject's-fés-

— v,o' .

~—~— .
ponses to visual Tues are readily interpreted py a human observer, ;&

Field studies “of herbivores have had a strong practical blas i

For vertebrates it is standard practice’t ompare the actual and po— R

4 - ",,
tential diets of the studied species, either in terms of species consumed‘

(Lieff et al 1970, Owen and Kerbeg 1971, Dunnet et?ﬁi1973 Voth et al,,

r

1973), or nutrient composition (Pulliainen 1970 ‘Moss ‘1972, Salo 1973),

or both (Gardarsson and Mess 1970). The disproportionate representation N

‘s

of a particular speéies or nutrient component in the diet is taken to

t

:indicate selection - presumably for the item or some associated cye

‘(Ivlev 19@}9 An intrinsic problem is thé exact definitidn of - the

. /

/ - ’ ’ ’ ' E'K - a
° > . .
- . - . ry . N . .

Ve .

) .
N : -
v .
» - - M R -
/ , , ‘ . . . ) ) } i
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¢ . . . " ‘ Gp:
i "potential diet". In addftign, elucida?ion‘ti the dietary cues which
. ‘ 4

are modifying behaviour is difficult. Envirommental mamipulation has

Tah i .
s é . N .
: generally involved obse§vation of the subjecgdipecies' responses to
; . . N 4
. ‘ “
partia®l fertilization of the food plants (Miller 1968, Thomas et al '1964).
A ‘ - : ¢
Again it is difficult to determine the cues being used because of the

<. -

. manlfoldeffects of fertlﬂ;zatlon on vegetatlonal characteristics. At a
» -

-

ﬂ%re rea}lstlc levelh Owe&~(1972, 1973) compared the feed1ng behav1our

’

- of grazing white—frqnted geese and wigeonn«Anaéepenqloﬁe) on naturallfu
: , S

occurring .patches of different plant species. Moss (1972) gained some
quantitative insight into the' selectivk feeding of red grouse (Lagopus

-

) : ' - .
lagopus scoticus) by determining the slope of the regressidn line of

vegetation composition on crop composition.for selected nitrients. The
. 4 N N a ' . w
: t . -
. * N q .
. slopes for nitrogen and phesphorous were léss than unitz!~indicating

B » [8 , o .
. . that selection was greatest where vegetation nutrient content was lowest,
> . L

'Lieff (1973) has already shown that geese at the McConnell
L] . - ) . ~ ) ‘
River will feed preferentially on nitrogen fertilized vegetation.| How-
_ ' - - s ‘ L4 -
. evep‘ljuzfertilization procedure azltered the ppea%an&e of the Yegeta- o

. R tfon, making'it impossible to decide exactly'w t cues were being re-

H

+ sponded to. The experiments described in this chapter were orlginally,

-,
» - i

envisaged as a purely qualitative test of the QESponse of blue geese to-

L <

® enhanced vegetation b;otq‘n content, by ellm;nating as manyﬁof~the sk~

. . » +
condary cues associated with fertilization as pos..sible, However, since 8

7y
» .

thetfertilization had a non-uniform effect.on the.vegetation, it was
. ] . . . / - . -
‘ possible to]establish a quantitative. re ationship between the variations Ca

- " "in Vegetation quantlty and quallty (as previously dg@insiz and variations

A .

.

", in feeding’ behav1our. ‘ - a
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3.2 “METHODS -~ e

Three groups cf 10, individuaily neck—bandedi yearling blue

¢ ' - -
geese were used. They were tested in a 30m x 20m grena which could be

divided with snow fencing-into-six, 10m square test pens'(Figdie 15).
LJ
Details of the scoil characterlstlcs of each pen are given in Appendlx 2

- -~

g%wo days before a test pen was to be used the vegetation in it was

mowed to a uniform hei:!i. Initial tests’wereiperformedvin each of the °
~ o ] :
six pens of the untreated arena‘ép obtain baseline behavioural data. « ©

»

‘Three randomly chosen pens were €hen treated with ammonium nitrate pel-

A
¢ . ' A -

ets (347 N) at fhe rate of ZSg.qu\(initial trials had- indicated that

PR LT RN ) Lad
thié rate gave opt1mal enhancement of vegetation protein content) 4h,ad»*”‘ :

HRZIRC AN
PIONREES L e
iy

alternating‘pattern o 5m, 2.5m or 1.25m»squages("}lya,otﬁ%f“%andomly

\

e of'lime in;Sm or 2.5m squares.

- -8
chosen pens were treated wf&h 30§

b"'.‘
The sixth pen wa§ ieft untreated as a, control (Figure 13). The se- //_
cond set of trlals was delayed until two rain storms had waéhed the

£ertilizer into nhe soil._,The centre of each pen was marked with a 1.5m

’

cm——

stake, and the corners of each square with ISﬁE orange pegss These
* '\ P

markens did not appear to rnﬂluence the behaviour of the geese in any

>
’

way. Water was provided in a- large plastic tub at the centre of thé //

- < °

pen. A 0,75m square exclosure was‘'located in each quarter of the test . <
v . - i

pén. The vegetation in each quarter was sampled after the last test day. -

i . .

-

"In two pens it was alao sagpled before the farst test day. Pens wére-

used in‘a randdm sequence, the three groups of bBirds being ;QSted in a

random order on consecutive days, & ‘ -

. . p) .

. o ‘,
L4

" Each group of birds wa¥ introduced into.tMe pen at approximaéelyﬁ

2:00 p.m.. dEsefvationg;were always made in the first three hours of |
’ g .‘..-'.. . ¥ | ' .
daylight on-the following_day. Additional observations were usually

— »
. —— —




Figure 15, bESIGN OF ARENA{USED TO

ANALYZE GRAZING BEHAYOUR .OF YEARLING e e

) O .
o e LR GEESE AT GUELPH, ONTARIO 1972. '«

- & - SHADED AREAS INDICATE DISTRIBUTION OF

.. .- FERTILIZED SQUARES. e ‘
N . ) ) " ‘4‘ .
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made®in the hour before sunset on the day of Ehe;birdsi iﬁttohuction,‘

) [
and between 12:00 a.m. and 2:00 p.m. on the following day. Observations

-

were made from 10 to 20m with 8x40 binoculars. I was partially screened

by the slats of the snow fencing. Data gollected in the first 30 mins
of observation, and during any period when the birds seemed unusually
disturbed were discarded. The behaviour of each bird, and’the test
square- it occupied were recorded at fivg minute intervals throughout

the observation period. Feeding behaviour was measured as frequently.

as possible. An %;;impt was made to divide data collection equally

the pen; however, during each observation period -

” -

among the squares

the birds tended to favour one section of the pen. . The design of the

fertilizdWfon scheme was such rhat no matter what section the birds

»

preferred, they had a choice between fertilized and unfertilized squares.

Observations were, therefore, approximately* equally divided bétween fer-

tilized and unfertilized squares. Additionally, as many observations
as possible were made of the behav%?ur of an individual before and after

it crossed the boundary between two squares. Data were transferred from

= -~

the data sheets to magnetic-tape via a PDP-10 remote terminal., All data

handling and calculation was performed by specially written computer

programmes.

N - .
The number of droppings deposited in each square of a test pen

was counted after each trial,-and used as an index of the proportion

- ¢

of time spent by geese in eagh square (Owen 1971).

- .
i P - . 3
L

3.3 " QUALITATIVE RESBONSE TO FERTILIZATION

‘ . “ ..
\\ - '
) 4 ..
4 o , . ‘ -

.Total Time Spent in Each Square,

.

The birds.spent significantly more time on the nitrate fertilized

+

i,



: : 72
‘squares than on the paired unfertilized squares in all trials but ona

(Table 3). There is no consistent; significant difference in square
2D C

usage in the control pen nor in thé 2.5ﬁ lime pen, but ‘significantl

more time was spent on the unfertilized squares of the 5m lime pen

-+

(Table 3). 1 Lo

Percent Time Spent Feeding - 3"

Geese consistently spent more time feeding on the nitrate fer- .
tilized squares than on the unfertilized squares (Table 4); there was

no consistent response to the lime treatment. Since the individual es-
S . | d :
timates were bfsed on a small number of birds, - there is an_over-repre-
) dgenta;ion of zero values in phé individual distributions and standard

+

o . ; 4
statistical tests cannot be applied to the-data.:. However, a-better .

approximation to a normal distribution wa& obtained by transforming

every datum by taking the square root of that wvalue plus ome half. There

B y ©
N t

o - : N ' » L
is a highly significant difference betwgeh the ambunt of #ime -spent

feeding on nitrate fertiliZed and unfertilized squarés (pairéd t = 5.71,
L . . - .

P <°0,001), but no significant différenééAfor the lime datif}afired
I R . -

t= 0.56). The transformed data set is shown in Appendix 3.7

. Length of Feeding Bout

Y

'Eeedigg Bougs.wegé,significantly lon%er on nitrate fertili;?d_"
‘" squares®than oa the resﬁécti@e unfertilized squares, There was no.sig—
nificant difféfénce for the lime and Cqﬁtrol pens (Table 5).
Peckiqg Ratex ‘ ‘

‘ . R . N
The difference in pecking rate between unfertilized.and nitrate
. ’ * L]

{

~.

fegtilize& squares is highly significant; there is.no signif§cant dif-

he - ’ = -

ference in the results for the lime treatment and control (Table 6).
, . P . .

<

Birds peck fastest on nitrate fertilized squares.

-
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. g s .
g
(g -
SQUARE UNFERTILIZED  FERTILIZED CHT-SQUARE
SIZE : i
- . ,
29 123 58,1 Hkx
Sm N NO, 114 193 20,3 kkx
. ; L 142 216 15,3 **x
1 ) ] o
A ' 205 .. 415 S SRS T T
i 2.53‘ NI NO, o _238 T 365 © 26,7 Akk .
o 165 , 192 2.0 o
b - 238 369, 28.3 -k
) 1.25m  NENO, * 65 132 . .22.8 #*x
. o Coo1rs L 357 62.3 *¥k
o128 46 - . 38.6 kkk
Sm . CaCO, 3 64 ' 38 ” ) 266 *
130 o 78 - 13.0 **
- 74 , 53 3.5 e
2.5m  CaCO,. 64 .. 48 . 2.3 .
) 43 3.8
y = s
3 B w144 ‘ 7.9
e CONTROL 264 0.7. -
' | 24 52.6 *kx
- M - . .. Iy ‘ 2 ‘ ’ '
- = p % R . A R o A
- f N @ ' o ‘
Table 3. NUMBER OF DROPPINGS DEPOSITED IN A TEST PERIOD .QN BQUAL-SIZE.
. N . ;".

FERTILIWION PLOTS BY THREE GROUPS OE TEN GRAZING BLUE GEESE AT GUELPH,

. . Y ‘. ® R , - - 'J . ".
z " . ONTARIO IN 1972, % B'< 0.05, #% P <0.01, %k P <6.001"

- Q2



FERTILIZEP AND UNFERTILIZED VEGETATION /SQUARES, AT
¢ 7. s , T - T
,/ : ' ’
e . - - -
. o »
" M ] E -
/ ; . q 2 l ,
o 5 j « D L4
* ’ -(T - - - .
. - . ST e
- { o M ’ /;

GUELPH,

0‘ R s
‘ . * 9 . ,
’ i . . 74
- 2 L] ) &
& . = - . .
- ’ o : — L} . ” o _ .
.
¥ P . ‘
’ TREATMENT . + SQUARE \ UNFERTILIZBD FERTILIZED.
] ‘j r / ) .(ﬂ . \ g
. .y . . r - T il . *
[ 4 : g X » ’
. (. 12.2°% 3.27 (29). 26.7 + 5.37 (27) .
p “5nﬁ;’ ~ 1203 4 4.47 (15) . 25.0 + $.46 (23)
L7 95 # 7.35 (14) \14.9;& @5 @n.
AR - .
\ ¥ ;. o -
\ . 15.7 + 2.97 (35) 34.8 + 6.88 (34)
N, NO,, 2.5m 11.5°+ 3.28 *(29) 38.6 +10.2-(20)
" | L <46 + 147 (31)° F6.0% 5.39 (27) | ’
B 2T
: > 12.1. 4 3.60 (30) 26.2°+ 6.24 (28), -
L - 1.*“ 19.6 + 3.7 (30) 28.1 + 5.90 (30)° v
. . ~ T w9+ 7.33 (L6) | 37.7 + 8.92 (16) e
G : . . | S
PAIRED 't' = 5.71, d.f. 8, P < Q.001 - -
‘ . . "—\. ) J* . , 9 U, .
- 1317 * 3.80 (27) = 21.4 + 6.07 «(25)
E ~&n . ,° 18.04+ 5.83 (11) 4 22.2 4 457 (29)
. . ,25.3F 4.99°(34) + 20.6 + 4.90 (29),
, . , ‘
@ . CaCo g “ S
\ 3 - L] * , R A L .
. o 32.7 + 6,01 (26)} 35.0 + 5.39 (27) a. -
\ v 2.5 18.8-+ 6.22 [24) 9.7 + 2.27 (33) - ¢
_~ T % 16.0+5.47 27)  /11.3 +3.08.(27)
‘ s , ' R '
. o ‘ PAIRED 't' =.0.56, d.f. 5, n.s. = _
. A N '; - ’ : ] - - ¢
ST <;\_ w0 - ~, ¥
o 5 i e — ”v.ﬁf?“//

Table 4. PERCENTAGE 'TIME SPENT FEEDING BY EAPTIVE BLUE GEESE ON PAIRED,

‘ONTARIO 1972.

3

.






- , S e 75
- ‘. r
. ) ® J
TREATMENT , SQUARE " UNFERTILIZED FERTILIZED
. - J . ) T
w_g‘i i ¥ \. I
. . ‘/ -~ .
, : 14.0 + 3.23 (15) - Wi+ 1.77 (21)
5m 9.2 + 1.72 (11y . 15.5 + 2.12 (48)
", 10.0 + 3.00 (2)4 15.8 + 1.47 36) * °
14:4 + 1.31 (20) 18.1 + 1.69 (28) | -
NH,NO, T 2.5m 12.0 + 1.16.(30) 11,6+ 2.07 (17) i
11.8 +1.90 (14) 18.5 + 3.14 (32)
12.8 + 1.31 (22) 15.9 + 1.81 (18) -
- < \‘ ]
¢ *1.25m 14.2 + 1.57 (29) 20.6 + 4.16 (16) 7
¢ T . . a
11.7, 4+ 1.02 (32) .  19.0 + 2.93 (20)
PAIRED 't''= 4.22, d.f. 8, P<0.01
\ I
10.5 + 0.97 (38) .- *~ 1.4 + 1.82 (33).
5m 10.0 + 1.73 (5)... . 12.2 + 0.98 (56) , -
| ' 12.8 % 1.25 (37) - 13.6 + 1.19 (32) -
CaCo, :
17.1 + 1.92 (28) 15.0 + 1,34 (35) .
L -
, 2:5m 15.2 + 2.39)(15) 9.9 + 1.12 (22)
N 13.7 + 1.60 (17) 1.8+ 2.99 (18)
i PAIRED 't' = -0.07, d.f. 5, n.s. )
CONTROL 5t 15.5 + 1,17 (72) 14.8 + 0.84 (104)
." ) e
: 4 $

-

Table 5. MEAN LENGTH OF FEEDING BOUT (SECS.) FOR BLUE GEESE GRAZING ON _

FERTILIZED AND UNFERTILIZED VEGETATION SQUARES AT GUELPH, ONT. 1972.

T




"« TREATMENT  SQUARE o UNFERTILIZER ' "FERTILIZED ~ .. .-, %

# , . . N :
} ] f — ' 2 _. k .
. ' . 56.1 + 2.67 (22) . 69.2 +2.36 (30)
, Sm . 59.2 + 2.97 (18). 64.7 + 1.87 (59)
) L J 51.1 + 0.33 (2) 60.9 + 2.15 (42)
- / : 46.0 +°3.23 (25)  s6.0 + 3.28 (32)
3 © NH,NO, | 2."5.m o 54.9°+ 2.04 .(335 .65.8% 2,89 (19)
. ' , 64.2 £ 4.21.(16)  68.0 +3.07 ‘(’35‘)“
- X C . '60.0 + Presy . es.7 +2.86 19)
1.250 - - 57.9 + 3.35 (33) 72.8.+ 3.50 (23)
- 70.0 + 3.*(35; o 85.1'£ 3.50 (26)
' N : ) PAIRED e - ‘6.92, d‘.f.rS', P <0.001
, | 52.3 + 2.59 (43), 49.6 + 2.60 (38) © -
/ . s 583 % 3.22 (5) . 57.4 + 202 (62) )
0 | = 60.4 + 3.33 (41) - 65.14 3.28 (33) -
€aCo, * - o .
- 67,7 + 2.66 (42) 71.2 + 2.58 (44) -
" i 2.5m 65.6 + 4.21 (17) !  "61.4 + 4.25 (30)
o | L 80.3% 2.84 @3) | 70.7 + 3.27 1)
o l . . PAIRED 't' = 6.71‘, d.g. 5; _m.s. .
‘CONTROL 5w 59.1 + 1.64 (89) i 59.6 + 1.64° (108)
i f7 Table 6. -MEAN RATE OF PECKING (PECKS/MIN.) OF BLUE GEESE GRAZING ON

PAIRED FERTILIZED\AND»UNFEkTILIZED VEGETATION SQUARES AT GUELPH, ONT. ,




Walkia§ Rate T ‘ .
[ ‘ . . ‘ C, )
Geese took significantly fewer steps per minute while feeding

. Q 4

- N »

on the nitrate fertilized sguares, but ‘showed no significant response to
L » . v -
other treatments (Table 7). co id
- ) . -,
L] ®
. ¢ ¢ Zy

Discussion ’

The yearling blue geese showed a skries déTZtatistically signi-

cant responses to the nitrate fertilized vegetation. However, these

fi

.responses form an inter-related system, and some of jhe parameters used
P 4 y ’ ) P )

are obviously not independent. The increase in the amount of time spent

feeding on the fertilized squares can bé explained as a consequence of

Py

the inc}eased,;eedigékbout ;ength'and decreased rate of walking on these,
squares. If we make the robust aésumption that the number of feeding
bou;s performed per unit time, agj\the‘rate of walking between feeding
bouts are béth independént of the vegeﬁatioﬁ being grazed, then time

spént feeding on a particdular vegetation type will be directly proportional

to the mean bout length on that vegetation type, and inversely propof-

fa)
.

. t%?né} to the mean rate of walking. Thus percentage time &pent feeding -
, -
‘on a particular vegetation type may be estimated as: )

~ _bout length on végetation ) .mean walking rate . :
100 x . ‘ x

’ﬁean interval between two walk rate. on vegetation
consecutive feeding bouts . S

-

[
.

The overpil mean interval between the start of two consecutive bouts

.
v

wa’s estimated as: ’ - .

I3

overall mean bout length

- overall Rropd}tionnof time ‘spent feediﬁg.

2

*

Using these formulae, the mean efgmcted pergentage time spent feeding on
> ) L ‘



~»

) & .
v -i ]
- .. X '.
TREATMENT . SQUARE j UNFERTIZED . “FERTILIZED
: > N \. : Qm '- - s -
: / g 13.5 + 3.58 (22), V5.2 % Le62 (30) -
- h ‘_ . —_ Q
5m 15.4 + 3.24 (18) 8.6°+ 1.63 (59)
13.8 + 13.8 (2) -+ 13.2 + 2.42° (42)
[ 4 ' . ) R . .
14.3 + 3.19 (25) 8.7 + 2.25 (32)
v o, 2.5m 12,5 £ 2.76 (33)  12.8 + 2.48 (19)
' 18.6 + 5.29 (16) 14,4 + 2.50 (35)
| ”, st ’ L. [}
/ . . 10.0 + 2.72 (28) T N7.6 + 3.15 (19)
1.25m ©18.4 + 3.61 (13) ,° 6.2 i'Z)?O (23) 'ti
: 14.8 + 2:46 (35) . 9.0 + 1.57 (26)
. 2 “
’V g‘_- -
o - ~ PAIRED 't' = 3.90, d.f. 8;.P<0.01
- . - M 3 ~ . - B t
» ) b a ‘ ’/J'
p T t16.1 4 3.03 (43) > 21.7 + 3.56 (34)
7 5m < 2.3+ 1.42 (5) 8.8 + 1.71 (62)
LI | L 16.4 + 2.35 (4D) 12.0 + 2.64 (33)
Caco, - : ) , ( _
) 15.1 + 2,44, (42) 9.9 + 1.68 (44)
) 2.5m : 7.6 + 1.91 (17) > 14.9 + 3.18' (30)
T 14.5 + 2.60 (23) 17.2 + 3.67 (2):
2 -
' PAIRED 't' = -0.92, .d.f..5, n.s.
. 1 3 .- ' " ”» -
CONTROL 5m -15.7 + 1.76 (89) . - 15.7 + 1.43 (108)

‘.

- N " . =

5

Table 7. MEAN RATE OF WALKING (STEPS/MIN) OF BLUE GEI_ES'E GRAZING ON

PAIRED FERTILIZED AND UNFERTILIZEDWVEGETATION SQUARES, GUELPH, ONT. 1972

. v

o
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fertilized and unfertilized squares for each pen was calculated. As
. R *
. . . we i
Figure 16 inditates, .the relation between these values‘and 'the observed

-

. . v . : b .
values i*% linear. The model expladins &QZ of the variation in the obser-
. . L4
ved values. Since the estimates of percent time feeding are partially
‘derived from overall percent time estimates, it may be argued that the

observed correlation is the result of a correlation between overall per-

3

cent time feeding for a4 pen and time spent feeding for the two Square ) :

1

L)
types of that pen. However, these values are not correlated (r = 0.45,
~» - . - - .

n = 10).:\ ° l‘ “ . M N

If the observed respomnses to the ﬁitra;e fertilized vegetatidi
-, SR \ o
have any selective advantage, them we would expect thgt the birds could .

* -~ S
v

spend Léég,time feeding on the nitrate fertilized pems than on the other
_— . . » L)
three pend., The-data of Table 8 confirm this expectation. In addition, .

the birds spent less .time feeding in the nitrate fertilized pens in the

3, ° Y

post~fertilizatioh tests than théy did in the pre—fertilization\tests.

The reQerse is true in the other pens.t Some of the obse;ved increase in
' ¥ " .

the calcium and control pens is explained by the fact that the birds were

1

moulting during'the second set of exberiments, and thus ﬁrobably had

»

high_nutritional requirements. This does not explain why the birds spent

éonsistently more time feeding in the pétential nitrate fertilized pens

'/A . ] ‘
than they did_iw the potential lime fertiliz& pene in the pre-fertili-

zation experiments (Table 9).
- - 1-
Since thg.mowing process ensured that there was no significant

f .

difference between the quantity of vegetation in the fertilized and un-
. A p :

fertilized squa{g§w442?§ndim 4), the‘experiments'did indicate ,that blue

geese can respond to differences in the crude protein content of vegeta-

tion, or to some highly correlated cue. However, this type,of analysis
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Figure.lé. SCATTER DIAGRAM OF RELATION
BETWEEN OBSERVED PERCENTAQE TIME SPENT.
FEEDING BY CAPTIVE BLUE GEESE Aé GUELFH, K
ONTARIO AND -CALCULATED EERCENTAGE TIME
SPENT FEEDING BASED ON THEORETICAL CON-

..

SIDERATIONS
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TREATHMENT SQUARE BEFORE FERTILIZATION  AFTER FERTILIZATION

8 <

-7 - 5m 30,4 ¥ 4.22 (43)  21.2 + 1.41 (192)
NH,NO, 2.5m o 40.8 + 3.92 (52) - 19.1 + 1.59 (192)
5 1.25m , 26.0 + 1.81 (232)°  21.9 + 1.79 (171)
/// . . 5m 5.7 + 1.36 (26) 23.4 + 1.75 (181)

SR CaCo - ' N
_ 3 2.5m 12.5 + 2.19 (95) 2606"+ 1.94 (184)
CONTROL 5m 19.8 + 2.83 (76) 26.8 + 1.67 (199)

P 7/

Table 8.  PERCENTAGE TIME SRENT FEEDING BY CAPTIVE BLUE -GEESE IN 10m
7 SQUARE TEST PENS, BEFORE AND AFTER THE APPLICATION OF FERTILIZER,

GUELPH, ONT. 1972. S
1 2 ‘;
- s »
N -~ “
> ‘,4' . . .
— - 7 . —
. TREATMENT = BEFORE FERTILIZATION AFTER FERTILIZATION .
B . ' e .. -7 ‘ -
_ NITRATE 28.9 + 1.56 (327)  20.7 + 0.92 (555)
'LIME AND- ' e
) CONTROL, . L4-4 + 1.56 (197) 25.0 + 1.03 (564)-
. ‘¢, o o
r - = - ry

’ " : AU * -
p L

' & ' . .
' Tahle 9. OVERALL EFFECT OF FERTILIZATION ON THE PERCENTAGE TIME SPENT

.. .. FEEDING BY' CAPTIVE BLUE GEESE AT GUELPH, ONT. 1972.
%3 ) ‘ ) :

.
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[ N

provides no quantitative'iﬁformation on the relationship between behavi-

oural expression and vegetational variation., To obtain ¥his insight we
k3 » [ ]

must consider the data differently. . o

3.4 QUANTITATIVE RESPONSE TO FERTILIZATION . N

” Due to differences in the length of time each pen was exposed

2

to fertilizer, and initial differences in proteih composition between

. . \
pems the birds were exposed to a continuum of vegetation protein content.

~

. . . ~ . - .
In addition, the nitrate fertilization increased the water content, and
the lime* treatment.in the 5m pen decreased the water content of the ve-

getation‘(Table 10). Continuous variation in th; amount of available
vegetation was provided by the difflreéées;;n fiahf height and density
.between pen§,~and'%ithin each ;en over the‘courée of the three tri;lé.
It is ghegefore ﬁossiblé tg make ap_Approximate estimdtion\of the rela-

a

€
3

- tionship between variation in vegetation parameters and behavioural

A,

expression. The simplest model of this relationship ‘assumes. that a be-
. R ’ A
E . haviouralirespohse\is proportional to the lipear summation of the impor-

. °  tant vegetational pﬁrameters of the vegetation. This model can be tested
by subjecting the available data to a multiple liﬁear‘;egression analysis.
- o N R a
The model for this regressioh is:

*
- L]

- . .
~ . . s .
Behaviaural response = a_(vegn. pretein) + a,(vegna, water)”
. 1t 7 2
. © =28 .
. +‘a3(vegnim ) + a, te .

»

-’ . *

-
b

“Where a; ie a congtant, and e is a normally distributed error term with

mean zero, composed of error in the measurement of the behaviour's ex->
se,

¢ s

pression ani};rror in the equation's estimate of the behavioural respo
J ".~ _ '

<
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\ TREATMENT SQUARE UNFERTILIZED FERTILIZED p?
\Q i - e
2
> , v
5m 66.2 + 0.89 (12) 71.1 + 1.29 (12) <0.01 .7
' .
\ NH, NO, 2.5m 74.8 + 0.45 (6) 76.9 + 0.51 (18) = _<0.,05 ~
b, . @
‘s\ . 1.25m 70.3 + 1.84 (12) 74.6 + 0.71 (12)  <0.05
V 1"7“ L] ——
\
A 5m 59.5 + 1.71 (12) 62.7 + 1.64 (12)
CaCO3 . .
2.5m . 69.6 + 0.86 (18). 64.3 + 1.31 (6) <0.01
. 4
) CONTROL 5m 69.1 + 1.01 (12).  70.4 + 1.73 (12)
, {
Table 10. EFFECT OF FERTILIZER TREATMENTS ON THE PERCENTAGE WATER

a \ -
CONTENT OF THE GREEN LEAVES OF BROMUS INERMIS, GUELPH, ONT. 1972

(a. OBABILITY FROM ONE-WAY ANALYSIS OF VARIANCE)

.
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The model therefore assumes that every independent variable is measured

withoyt error. Since the values for"the'vegetation variables in this

experiment were estimated as the mean of three samples from each quarter
L M » .
. of the test pen, the data seem to violate this assumpiiog. However, the

error.associated with each vegetation parameter estimate will tend to be

normally distributed with mean zero, thus the simple sumvof the errors

‘for each variable.- whicli‘is the variables' ¢ontribution to e - will

. very probably be normally distributed with‘yhe mean zero. _In addition,

thg measurement errors associated with the vegetational variableg are

-

. . .
small. in comparison with those of the behavioural variables! Under
tﬁese conditions, ordinary least squares regressimn is known to give a

reliable estimate of the relationship betwee% variablés (Mosbaek and
2

Wold 1969). - >

*

For the control and 5m square pens, vegetation samplef were

[ [}

.taken in each JQuarter, the’mean value for the three samples from each

unexclosed site was sed to characterize that quarter. These values

\ .
were associated with the behavioural data obtained in that quarter within

24 hours of the vegetation sampling, and provided that there were more

than nine behavioural observations for that quarter. For the pens with

2,5m squares, an exclosure had been rqnddml§ locatged in one of the squares
o

i

of each quarter. Vegetatiir”values from thesé exélosures were associ-

ated with the behavioural values recorded for their squares, with the

same restrictions on dgﬁg admissibility as the 5m squares. Due to their
. ’ . .

small size, tgere were few behavioural observations for each of the 1.25m

-

< .
squares; I therefore combined ai£3fertilized and all udfertilized square °

4
values for this pen. In this way 19 complete data sets were extracted.

o « -

The full datq\matrix is giﬁen in Appendix 5. This matrix was then

o . . .
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Ll . o
subjectéd to a single least squares, step-~up, muitiple linear regression

analysis (BMD programme 02R). The correlation half—mafrix for the- six
. .
variables is shown in Table 11, aqi the derived,regréssapn equations in,

Table 12. The equations for bput length and pecking rate explain approxi-

’ -
mately 50% of the observed variation in these behavicurs, The equaticn

!
for rate of walking is not stafistically significant. All equations

have the form that would be predicted from the qualitative analysis of
Sec. 3.3. Bout length and peckihg rate increase, and walking rate de-

creases with increasing vegetational protein. This suggests that - at

v

least for bout length and pecking raté - the response to protein is ab-

. - - ! v S, . R -
solute and continuous, rather than the result of a simple comparative

proGess. ' &

The water content of.theavegetation is the f&rst variable extrac-
'Fed b& the analysis for .both bout length and pecki;g rate, sﬁggeqting
that this is the vegetation component- to which the geese aré responding.
However, for all vegetatlon sampfes prpteip and water content are highly

positively correlated (r = 0.70, n = 6Q, P < 0 001), so it 4is difficult
B - Lt 9—'
to determine whigh—v3riable is really most important. The role of vege-

tation quantAty in these equations is small, but seems biplogically

Lo

meaﬂingful. Pecking rate decréases with increasing vegetation'quéntity

since the/net yield. of a peck should be positively correlated with stan-

e

ding crop, Similarly, bout length increases, since it should be most

o
-

profitable to feed in areas of high food density. !

14

i?he results %f the more quantitative analysis thus confidfm

"

most of the findings of thevqualitétiﬁe analysis.
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' PROTEIN  WATER® , BOUT PECK STEP
VEGETATION ,0.360 - 0,192. , 0,150 -0.308  -0.230
PROTEIN 0.578%% ©  0.455% 0.425 -0.276.
WATER -0.220

G = -
BOUT "-0.284"
PECK .~ -0.349

Table 11. “’E/// |

ORRELATION MATRIX INDICATING RELATIONSHIP BETWEEN

VARIATION IN VEGETAIION PARAMEPERS AND ASSOCIATED VARIATION IN FEED-~

/411«; BEHAVIOUR, GUELPH, ONT. 1972 e

" VEGETATION = GRASS STANDING CROP (g.m~ 2y,

PROTEIN = CRUDE .PROTEIN
CONTENT OF GREEN GRASS AS PERCENT OF DRY WEIGHT. WATER = PERCENT

WATER CONTENT OF GREEN. GRASS. BOUT —LFEEDING BOUT LENGTH (secs.)
PECK = NO. OF FEEDING PECKS PER MIN. STEP = NO. OF STEPS PER MIN.

* P<0.05, ** P¢0.01

=]
-~

a
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B ) ’ ,‘ .
" DEPENDENT - CONSTANT  VEGN. PROREIN WATER - R
b &VARIABLE : ‘ '
[} ~ e, -]
- 2 - )
4 ‘ . | ) ‘
. BOUT LENGTH . 6.10 ~=0.03 0.18 0.16 - 0.43 %
» o . M s T P L4
- o )
PECKING RATE 26.78 ~0.13 0.56 0.55  0.56 &
WALRING RATE 25.47 ., -0.03 ° -6.19  -0.08  0.10
. . B
w» ‘ - , . ,
_ Table 12. COEFFICIENTS OF MULTIPLE, LINEAR REGRESSTONS EQUATIONS
RELATING THE VARIATION IN INDIVIDUAL BEHAVIOURAL PARAMETERS, TO VEG-
- N :_ - ,,A,,,,__n\_. e e o — e e e f e
. ATIONAL VARIATION. -GUELPH, ONT. 197Z.. T
;s SEL TABLE 11 FOR DEFINITION OF VARIABLES. R? = COEFFICIENT OF DETER-
‘ o MINATION. o% P < 0.05, %% P < 0.01.
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3.5 DISCUSSION . ..

pl

a

Captive blue; geese show & set of :quantitativg changes in feeding

behaviour when they' encounter vegetation ef high protein content. Are

these changes.likely to be adeptive for an arctic graziné species? Geese

at the McConnel%/kive: are probably obtainjng a nutrient intake criti-

cally cLose to their minimum requirement$. Sevéral females were found . .

deQQ in ‘mid- July 1973, apparently;from starvation. A&ult females and

gosllngs spend almost all of the® dayllght hours feeding (Sec-. 2.4). They

cannot,'thérefore; afford to allocate time to a specific search for

% -

-areas of high nutrient content vegetation. The goslings aré flightless

froﬁ hateh to mid-August, and the adults lose theit—priméries during /
3 . L. i - . .

‘theofirst two weeks of August; thus the birds must walk between feeding

areas. The density of birds'pver the McConnell Fiver area is relatively

a
»

high (1 - 7 adults per hectare), and undue feeding concentration on high’

‘ously on all available vegetation, but adjusting feeding behaviour g0 %

that more high quqlity vegétation is ingeeted when encountered (By in-

cre351ng bout leq&;h and peck rate) and more time is spent on thls vege~

< -

tation (by decrea81ng the rate of walklng), geese could increase their

in high quality areas. : L ) ;

protein intake without reducing the time available £o;.£éedingu‘~An»aieyﬂ—r~~*w—

o

ditional, potentlally favourable feeding tactic was observed {(but not

qdantified) in the Guelph exper}ments. As birds reached the border of

L

a nitrate fertilized square, they tendeH/:B'turn-through‘1800.' If such

beheviour occurs in the arctic it would furtMer tend to maintain birds

»
1

e,

There remaine the problem of how geese detect variations in

T,

"Vegetatidh nutrient content. The evidence for olfactory “and gustatory=- -

- -

st

4

1

D

ox

P - :
quatity patches would soonmextradst this food supply. By feeding tomtimo=——""—
. o . L T - . R

o



discrimination in birds is contradictory. _Geese haue a functional olfac-
tory epithelium, which shows elegtrophysiological responses to 9hemibal

stimuli (Neuhaus 1957, Tucker 1965), but they carfnot be classically con-
. dltioned to respond to digfereht chemical odours (Neuheus l963f: Howeéet,
t. a

Neuhaus. (1963) did “find that geese show predictable changes in respira-

tory rate whendsubjected to different odours. Chiéks will reject certain

e ' ") ) M ] ’ !
sugars at relatively low concentrations (Kare and Ficken 1963), and ‘

el
.

pigeons can detect some organic acids at lower concentrations than can
’ ; ' .. : L
humans (Duncan 1960). 1In addition, chicks show considerable individual e

. . ~ k4 .
~variation in their ability tp detedt/{norganic chlorides in solution- . . . .

-

(F1cken and Kare 1961), and Willlamson (cited in Kare and Flcken 1963)

has demonstrated a genetlc component Gf this ability "Thus the ability .°

l—q v

to respond to: potentlal chemical cues is: amenable to natural selective

processes, It is thus possible that ‘geese could be res%?ndlng directly

‘to variations in the total amino acid content of the vegetation. However,

. "Kare and Ficken (1963) found that\protein deprived chiLks show no res-

-
v
t . .

ponse to casein in solution. Geese gould also ye reéponding to a vege-
Y,
tation component highly correlated w1th vegetation otein content.

There is evidence for a comparative element in the selective

.process., The most marked responses to the nitrate fertilization were in:
— : T : & ‘

" the ' 1.25m squeree,,and the least marked in tne 5m sq&ares for ali,be-

haviour parameters}, Individuals were also observed to immediately tucn - .

back’ into fertilized squares upon encountering a boundary. <‘ -

3

The best candidate for aAcoirelated cue variable is vegetation

_° ewater content, which was highly correlated with protein conteat in the

Guelph expetidents. The nature of the.experim 'tg,made°it 1npossible

. . -
"~ to tell if birds were selecting for high wafer content (and thus high

- . f
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digestibility) and‘usihgwagigf‘Bfmﬁroteinxgé;a cue, or selecting for

protein and using this or water as a cue, or selecting for an umnmeasured,
‘ .
correlated variable. Protein content is also .positively correlated with .

the reciprocal of (fOO 2 water content) (r = 0.70, n’60, P < 0.001);

implying that the protein content of the vegetation as a proportion of .
its fresh weightbwas constant in all experiments , and that water Vari-

. ) - . p
ation was the major feature of the trials.  However, since high water

content implies high digestibility, high water conteént indicated high

4

protein availability. To separate the influence of the two‘components

o,

) &
it is necessary to have data from a situation where they vary indepen-

dently. Such data are presented in Chapter 5.
§eérling blue geese at Guelph showed continuous changes in .
feeding behavighy in<response to variations in vegetation quality. These
e * : ’ .

changes would be expected to-result 1in a sfgnfficant increase in the -~

-
-

quality of the vegetation ingested by -the geese. However, to verify = _. . |

v

this it is necessary to.know the exact effect of these behavioural vari-
; .

~

. . v ,
ations on intake, and whether such variations actually occur im a natural

- - [ 4
situation. - : : .

-

3.6 SUMMARY - :

Yearling blue geese responded to wmitrate fertilization of vege-

-
P

tation by increasing-the length of a feeding bout, and decréﬁsing their

-

rate of walking while feeding on thiS"vegetatioﬁ. " This increased the
0 -

proportionof time spent feeding on fertilized squares. The birds also
pecked faster on the fertilized vegetation. It was not possible to de-

termine whether the birds were respomding to the inc:e§séd protein. con-

.tent of the vegetation or its increased water content (or both, or some-

thing with which these two variables were corfelated); : . , -

| J -
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. . BEHAVIOUR AND INTAKE: THE MODEL REVISITED
- : ’ . "A copy of the universe is ﬁgt what \ ‘
e is required of science; one of the
damned thing is ample”." . .
Rebecca West

S0 R R U, . - ——

4.1 INTRODUCTION

It is satisfyi that the variations in feeding behaviour

.

observed at Guelph could be adequately explained by a small number. of

- vegetation parameters, and that these b;Lavioural variations intuit- ,///
ively appear to have survival value. However, a more complete under-

standing of the function of variation requires a knowlédge of how it

- affecfs‘intake. While the behavioural data were coldlected at Guelph
" » s )
additional data were obtained on the intake ‘of the birds. Similar data

Vs - were collected from goslings at the McConnell River. The maﬁar problem.
% | was to devise a Valid and convenient measure of food intake. '

4.2 ESTIMATING THE INTAKE OF FREE-RANGING GEESE

Although a variety of methods have been developed to estimate -

-

Dyne 1968), these have

. the intake of wild-and domestic ungulates (Van

P 4

*

. L . L J
3 ry - £ . . 3 \ 3
o et - l;.g.y.g.,té_geese.,_ ; S —
. b - X )

‘ R. Owen (1970) measpred the daily

food tonsumption of captive blue-

'

winged teal (Anas discors) under labggatory and outdoor conditioné, and
- . . 7

- Marriott and Forbes (1970) obtaihed similar data for the Cape Barren -

! ¢

goose (Cereopsis novaehpilandiaéf.’ However, the‘éxf}apolation of such
: - “ .

resplté to field conditiogs is a dubious exercise. From a number of

* P
-~

- * the original referencé is to "art", the implications extend to science-v

’ - ) »
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*

simplifying assumptions, M. Owen (1972) estimated Ehe.daily consumption

of‘ﬁvef—wintering white~fronted geese to be 650;750g of vegetation.

Intake may be estjmated directly by the amount of food eaten

by caged birds; :by the weight changes of feedigg birds; and by shooting

birds khgwn to have been feeding for a specific length of time. It may
be measured indirectly from a knowledge of digestive efficiency and
defaecatioﬂ'raﬂe;~£nd by measuring the- rate of, vegetation iemoval by

known numbers of"%irds. The last four methods were evaluated under

[N

,’ " field conditions at the McConnell River,

1N 4

and under more controlled
nag

conditions at Guelph. Caged birds were studied in Londpm, Ontario..

s

Intake of Caged Birds ps

* .}

¢ Threes, two year old female geese (twd white phase :and one

blue phase) previzysl?’;;;d in the Guelph experiments,
. > . . .

six weeks in 1.5m% cages witﬁ-Z.Scm mesh wire walls andlfloors. Each

-

were held for

bird was fed three different pelleted fobvds of known protein content
for ten day periods, with an initial fouf?day adjustment period. The

. - - ~
weight of foodremoved-was determined at the same time each day with an

Ohaus triple-beaﬁ balance. Faeces were é;iiégfed 6;Aﬁééépap§i”5éﬁeétﬂi

- -

e

the 'cage, and were removed every three days then weighed fre

\

after drying for 24 hours at 105°7 One bird failed

K

captivity, data from this bird were not used.* The three foods were N

Y -

pelleted to the samq\sizé, and so concocted that the major variation

- \

Daily intake and utilization efficiency are clearly réiatgd .

between them was in protein and fibre content.

?

to the protgin content of the diet (Taﬁle 13). It is feasible - but

93
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DIET INTAKE - INTAKE FAECES  NITROGEN
PROTEIN (%) (g d.w./DAY) RETENTION (%) PROTEIN (%) BALANCE

-

-

Y

S {

‘Tablq 13. VARIATION IN VOLUNTARY INTAKE OF CAGED, ADULT FEMALE, WHITE
: 3
PHASE BLUE GEESE WITH VARIATION IN DIETARY PROTEIN CONTENT. LONDON, ONT.

INTAKE RETENTION IS (D.W. EOOB’CONSUMED'-'D.W. FAECES.PRODUCED)

. o ~ (D.W. FOOD CONSUMED) '




potentially misleading - to use these values to estimate the minimum

daily food requirements of adults at the McConnell River. The birds

were kept at a mean temperafure of 22°, This is _considerably higher

than the mean daily température at the McConnell River in July and

. A

August 1973 (11° - estimated as the mean of Eé;ili maximuﬁ + daily
mindmum ' temperature]/2). R. Owen (1970) found a lineaf relafioﬁsh@p
between ambient temperature and ehergy intake for mgiqxblue—winged
teal. Agsuming that the.slope of this line can be applied to blue
g;ese,'we'can estimate their daily intake at -11°, If we further assume

that intake is directly proportional to photoperiod, we obtain estim-

ates of dailf requirements for theMcConnell River of 347g dry weight- - -

for a 16% protein diet, and 319g for a 21% protein diet. Sihqé,,undeg

normal conditions, vegetation at the McConneil River contajns approx-

) B T . C . - “.
- : imately 70% water, daily vegetation requirements are 1160g and 1060g .-
* ) y * ’

respecﬁivel&u The minimum requirements of wild birds may well exceed

this since grazing is more energy consuming than ingesting food pellets.

Such a tortuous conversion process can provide neither an

-

-

-~ . agphrate nor a precise estimate of the actual requirements of wifld .

*“w"ﬁ“_“"51rﬂ§7:7it‘ﬁbes7—hvweverj—give—a~genef§I%4Cﬁﬁsefvaﬁive*estimate of how

- much food a grazing blue goose should require, and provides an index

Y

"

by which the realism of less direct estimates may be gauged.
. \ o |

-
’ N n hd
. - . -

[}

Wéight Changes of Feeding Birds S U

r

The temporal changeg in the ,weight of a feeding goose may
. o "Be'at;ributpdito three factors: weight of food and wéter ingested;

weight lqss due to respiration; and weight loss due to defaecation.
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» To estimate the 1ntakefof a feeding b1rd we must also- esgﬁyate its res-

piratory and excretory expenditure. Slightly~different butlstrictly

PN

comparable techniques.were used at the McConnell River and Guelph. The

v

Miéonnell birds hadpbég;—aand—raised\and were”used to eonsiderable huE?n

» 'Y

contact, “%nd were qpt disturbed by ménipulationf The Guelph birds had

. had little physical contact with people Catching and weighing these'

birds usually resulted in a cessation of all feeding behaviour for

L

30-90 mins. For both groups respirati9n weight kas was estimated by

the weight changes of -control birds kept under ié%ntical conditions tov"
» " [ . M . k ] ~ . y
the test birds, but without access to food. These birds were usublly

e . . ) - ¥ - : . ¥
as active as the test birds. -.Each bird acted as its own control at the
Y C -

. McConnell River. Six birds were‘weighed: three—of\these were then held
. . .
without food while the 6ther~three were alld%ed'to feed for 30 mins.

g

All six birds were then reweighed and their roleg reversed. They. were
. . ‘

then weighed a third time. The weight loss—of é!!h individual when\

deprived of food wad used as an index of its potential weight loss while

N
feeding. 1In the Guelph expertments, the contrd!"’bre of the sameé colour

and approximate wengt as the test birds. 8ix individuals were captured

‘“Bnd“weighed:*two~weréfhe1d without food whilefthe others were releasedi“_iiiimh

intd‘;>iaﬁmeuuere tesi.pen (Figure‘lS) After azzyoximately 90 mini

those birds Whlch had fed consistently‘we%e recapfured, and they and

J—

the two controls;were reweighed. Ihe weight change of the centrols was
used to estimate the respiratory loss of the teet h%;ds. ‘No.water was
provided during the test period in eitﬁex set of expegiﬁents. At Guelph
defaecatory weight lehs was,avoided by Eoilecting all data iu thé‘tuu

hours following dawn. 'The birds did not feed-at night, but began feed-

ing at first-light. FoodApasBes through thethlue goose gut in approx-




'
~N

-~ . ‘a -
L] :

imately 90 mins’(pere.gobs.). It was anticipated that the birds would B

not defaecate during.a test period. This was the case. At the McConnell:

”

River it was assumed that the defaecatign rate bf individuglf\yould be
. ) - ’ .

approximately constant for controls and test birds. .Thesfafi'that the

-
a

seednd test group had been starved for 30 mins befofemieeting might have
biased the results. If during this period they voided the entire rectal

-

contents, their weight loss as controls would over-estimate their actual

n

weight loss while feeding. However, there is no significant difference
in weight gaiﬁ estimates'between the two groups (Appendix 6).

Percentage\time spent in different behaviOurs was estimated

-

~
-,

every mlnute at Gd%lphAand every 30 secs at the McConnell Rlver.' The

intaf® of each test bird was estimated as:

- Weight change of test bird + ' . .

L3

. (Weight change of control/mln) %x (Interval be!ueen test bird
. ' . _ welghings) )

i = t ‘

If this calculated intaKe is a rellable esplmator of actual intake, it
‘. " R
should be p051t1vely conrelated with the amount of tlme spent feedlng.

. e

+

.

ilization process outlined in Chapter 3. The pre-fertilization expe- .

riments showed a high positive cgrrelation (Figure 17)., .and gawe aff
o . ; -
estimated intake of 1.44 + 0.18g per minute of feeding. Tie post- -
’
fertidizatiofi values showed ausignfficant but 1ess’impressive correfh-

- tion (Figure 18) and give an intake estimate of 1 87 + 0, l7g per. minute.

This poor fit is probably due o the marked variations in)feeding behan

iour between and within pens.induped by the fertilizatiop.

———t,

—The Cueiph-vaiueS'were~obtaiﬁedmin—triais*both beforeand—after the fert--

9%

10'
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‘ Figure 17. VARIATION IN QUANTITY OF ’
‘ VEGETATTON "INGESTED BY GRAZING BLUE
. \
| GEESE - ESTIMATED BY WEIGHT GAIN OF
: TEST BIRDS + WEIGHT LOSS OF NON-
a FEED¥NG CONTROLS ~ WITH TIME SPENT IR
' ¥ FEEDING IN PRE-FERTILIZATION EXPER- o
IMENTS AT GUELPH, ONT. 1972 .
[} . .
; : r = CORRELATION COEFFICIENT
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Figure 18. VARIATION IN QUANTITY OF
VEGETATION INGESTED BY GRAZING BLUE
. ' - : %
GEESE - ESTIMATED BY WEIGHT GAIN OF .
TEST BIRDS + WEIGHT LOSS OF NON-
'FEEDING CONTROLS - WITH TIME SPENT .
FEEDING IN POST-FERTILIZATION EXPER-
IMENTS AT GUELPH, ONT. 1972 e
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1

4 F A . . L 4
_S" - - The McConnell River values show a significant correlation

r
B

for the basic data set. However during the éix weeks of experiment-

a

ation the b1rds 1ncreased in-beight by a factor of five. To compengéte

for thie each inrake value_was transformed to an estimate for a 1800g

.4 bird (the mean body weigh@ of the Guelph g2ese), using the cube root of »*

body°We1ght on the assuﬁptlon that bill length determines ;ntake and

3

that’ thlS shouldfshould vary as the cube root of body size. This

resulted if an improved correlation (Figure 19), and yielded an intake -
"‘ - I/ B &
estimate of .84 + 0. 10g per. minute of “feeding. The-three estimates

o

are not significantly different.g Phis suggestscthat time spent feeding

by grazing geese could be a useful indirect field estimator of total

-~

<
-

consumption.
<] ' = '
.
» .
- . R
'Shooting Feeding Birds : v o

: . - T
This method reqqires an ability to select individual wild
- Q
geese known to have empty oesophagi Three methods were used tp satisfy
B |
' thnggmpty oesophagus criterion’(e.o0.%c. ) e

When incubating females are gently disturbed’, they frequently

~p

begin to feed. Singe incubating females do.not normally feed, ;uchibirds

]
2

shpuld satisfy the e.o.c. e . -

o . J

Immedlately after hatch, families that have nested on the *

N

1sland between the two branches of the McConnell River (see Prevett 1973)

c FR

swim across the south branch of the river on. their way to the preferred

- P
feeding grounds. This crossing takes about 15 mins, and all birdé begin
2

feeding whert they reach the bank. It was assumed/that such birds would

either satisfy the e.0.c, or have twg distinct food boli in the oesoph-
&
agus. - . e - A .
4 : e
' 4 a 7?
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o .o - Figure 19. VARIATIONS IN QUANTITY OF

v Y

V?CETATION INGESTED BY GRAZING BLﬁE‘

<

. - GOSLINGS - ESTIMATED BY WEIGHT GAIN OF

‘WEEST BIRD + WEIGHT LOSS QF SAME BIRD
Q ’ . : e
.( . WHEN NOT FEEDING - WITH TIME SPENT' FEED-

: . 139 AT McCONNELL RIVER, N.W.T. 1973. .

INTAKES CORRECTED FOR GROWIHOF GOSLINGS
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Quring the two weeks‘fbllowing'hatching; goslings aregfreq-

uently brooded by their parents, Parents observed to brood for at

-
S

least 20 mins without feeding were considered to meet“the e.o.c.

v

~ Incubating females were observed by ah unconcealed experz

*

imenter. For the other two.methods.aﬂcanvéé observation blind was used.
Shot birds were never more than 100m from this blind. The behaviour of .
each bird was recorded at 30 sec‘intervals, until it had fed for at

least five minutes. It was then shot with a 0.222 calibre rifle. The,

entire ogsophageai contents were immediately removed, washed in'a pearby -

pool and sealed in a polyethylene bag. They were later sorted, we;gpeﬁﬂii

‘ﬁnd dried at the research station. ’
The results obtained were inconsistent (Table”14). However,

the three lowest values were obtained from.birds which ‘had jus@’crossed
. . ' ' ‘ . :
the river (JH4, %1 an4512). These birds were feeding on fine vegetation

(mainly Carex maritima Gunn and Eléocﬁaris acicularis (L.) Reom. and

4

Schult.) with aEiow standing crop (column 3, Table 14). This vegetation

. G_;z -
is rarely used by ‘blue goose families. Fotr the entire data set, there

iﬁ a highly significant correlation between the logarithm of intake

and the logarithm of vegetation standing”crop (Sec. 5.2). If we exclude

e shot “WArds is .

the three low values and the value for JH5 (which was Z{ippled 4nd -

escaped capture for 20 wins) the estimated- intake of t
1.50 + 0,36g per minute of féeding.

»

-

Indirecf Estimation from Defaecation

-

The rate at which food passes through a goose's intestine is

sufficiently rapid that - provided that the bird feeds almost contin-

ually - rate of dgfaecation can be accurateély measured by recording the

. . L
’ ) . )

-
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BIRD INTAKE .GRAS§ ~  OBSERVATION
NO. (g/min) (g/m") TIME (min) :
co ) ‘
JH 12 T 0.01 "s.8 . 11
JH 11 0.02 7.3, 10
JH -4 0.05 9.1 15 ’
i ) I o _
' “JH 5 0.06 13.7° 17%
3 0.43 15.1" 8
w13 0.45 16.7%% -~ 15 | :
JH 16 . 0.90 27.3 .10 :
T 17 1.03 12.2 7 o
JH 10 1.88 - 16.0 . 11
M 14 1.91 123.7 20 ¥
JH 2 . 2.85 33:7 15 .
1 . .
) V e .

Table .14.

GEESE AT THE MCCONNELL RIVER N.W.T.

* BIRD CRIPPLED, NOT COLLECTED UNTIL c20 MINS AFTER FIRST 'SHOT !
/ﬁ* BIRD,.FEEDING ON LEAVES OF Vaccinium ulgginosumy'VEGETATION ESTIMATED
" AS HALF OF STANDING CROP OF ALL DICOTYLEBONS.

PN

INTAKE PERfMINUTE OF FEEDING OF GRAZING, ADULT BLUE

+

.o

1973,

1

3
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1

interval. between successive defaecations for individual birds. Average
defaecation time for ﬁcConnel; River adults was 4.9 + 0.30 secs (39),
and droppings dveraged 1.22g°(240) dry weight. The Guelph birds spent

less than' 30% of their time feeding on average, and individuals never

-h
[y

remained completely visible for the interval between two defaecatioms.
. ~

The technlque outlined in Sec 1'8 was used. Birds produced an average

of~ 30 droppings per day, with a mean dry weight of O 65g. Assuming that

.
the utilization efficiency of the captive birds approximated that of the

wild birds, daily intake at tﬂe McConnell River was 502g dry weight for

a 214 proteln diet, and 463g dry welght for a 16% protein diet. Thq\

107

equlvalent estlmate for Guelph - assumlng a 26% prote1n diet - is 45g.
This is almogt impossibly low. The method assumes that feeding rate

was constant for the perlod precedlng observation as well. as during the

L]
I

‘observation period. However, ‘the birds were seriously disturbed by
being caught and we1ghed during the experimental period. They were-algo

subject'to disturbance bystray humans. The highest number of defaeca-

tions recorded was 50, this yields a more realistic intake estimate of

. Y
75g dry weight per day.

@
-

Effect on Vegetation

The amount of »égetation removed by grazing herbivores can.

-
-

be esfimated-by comparing temporal changes in standing crop for paired

-~

grazed.(unexclosed) and ungrazed (exclosed) plots. Intake may be estim-

4

ated if the number of animals using the area-is known. Heady (1968) has

. pointed out the potential errors of this method. He corcluded that it

-

was gnly valid for large exclosures in areas of high herbivore density.

2 ' it .
At the McConnell River 5m-x 2m éxclosures were used and goose numbers

L]
B

-




were ‘assessed with an autématic Eamera recorder in 19]1 (Appeﬁéix 7).
: . At Guelph 0.75m square exclosures were used, and feeding ‘intensity was
/ measured by dropéiﬁé counts. . ‘ :‘ :
Constmption at‘?hg McConnell River was estimated. to be 1663g
per day. fhis is aﬁ over—-estimate aé it was frequently imppssibie to

. ¢ K
detect goslings in the films from tde camera recorders. The removal of

vegetation by other herbivores was minimal. The two other common graz-

.
ing herbivores (Branta canadensis and Rangifera tarandus) were raré in

-

relation to blue goose numbers. Lemmings (DicreStonyx groenlandicus)

.

could - and did - pass tﬁrough‘the mesh of the exclosure wire.

At Guelph there was no significanmt difference in the amount

-

of vegetation inside and outside exclosures (Appendix 4). At the lowest
estimated intake rate thie geese should ha%g removed 11g.1n"2 dry weight « -
. \ . .

of vegetation in a--three day trial period. The mean recorded value was

2

¢ 2.5g.m -. Obviously the assumptions of the exclosure method ﬁ;d not

7 - 3 -

hold true at Guélph. :

-

Estimations of intake by the different methods are comparéd
. X oo
in Table 15. The McConnell estimates aré very similar, probably because

- [
’

all methods are more reliable for high intake rates. The estimates of
i " . * ) ; . T . . .
intake per hour of feeding are consistent alross methods. However, con-

°

siderable_differehcé% exist in the amount of work involved in éach

method. In particular, estimation from exclosure data was fraught with

!

o
tedium and plagued by untestable assumptions. The McConnell River est-

~

imates were based on only five exclosures, yet they required over 200

".hours of sampling, sorfiﬁg, weighing and d;ying of Qégétation;'pius

&
v 3 2




RAILY INTAKE (g) INTAKE/HOQR FEEDING

METHODS ' ‘ P
. ) . McCONNELL GUELPH  McCONNELL , GUELPH s
b . / : B
- ' / . 0
J ’ ’ i ) ,g >
. 1160" 3 69 - -
" CAPTIVE BIRDS 179 . , 72
o 1060° ? 63
DIRECT WEIGHING ‘1556 250 104 100
OESOPHAGFAL' T T
( CONTENTS 1330 C %0 d
— 2 . . ): i
- 1674 A 112 5
DEFAECATION : 250 100 |
- 15442 ’ o 103 |
- . _ .o
' EXCLOSURE  ° 1663 =~ 110 <1 o
* 4 .. }
’ o . | I -
- . ' N ) f " 2 . / M
: n T 3 [e] B i -
. Table 15. COMPARISON OF ESTIMATES OF TOTAL DAILY INTAKE," AND INTAKE

PER HOUR‘OF FEEDING FOR GRAZING BLUE GEESE BY DIFFERENT TECHNIQUES

i : N

. . ' ) ‘ y

. ‘ T -
1. 16% PROTEIN DIET 2. 21% PROTEIN DIET 3. 26% PROTEIN DIET
4., MAXIMUM VALUE OBTAINED

[T




=

further hours o{ film analysis. _ ) .

Faeces counts gavé/}apid estimates but require thg dubious

- .

) 1) . -
attribution of the assimilation efficiency of captive birds to wild v

birds on a different diet. , J
. In all the investigations with captisﬁ\E}rds tﬁe“ditéct 6t
weighing approach was used. y

* 2

The shooting of feeding‘birds involves a considerable problem
in the selection of appropriate individuals, but it was the only method

for wild birds which combined reliability and practicality.

- f

. -
-
4

-
a

"

'

4.3 THE EFFECT OF. BEHAVIOURAL VARIATION ON INTAKE

3

e

The ﬁéasu:gggnt of individual pecking and walking rates, and
feeding bou't lengths ,wr;s in’c;:{rporated-_ti‘{l_'t};:é( determinations of intake
by direct weighing. a . ) ,

. I psed thetmqltiple regrkgsion %echnique described in See. 3.4
: . & S

to estimate the contribution of beh@vioural variation to the variations

in’intake. The mean behaviousal values for all individuals|in‘a trial

o

were used to estimate the indépiﬁdent variables. The use of the regress-=
X 4+
ion technique is therefore subject to the criticism outlined in Sec. 3.4

(error components to the independent ,variables); but the same justific-—
i . ‘
ations for its use also apply. 1In this case we go .not expect the effect
< \ . "
of the behaviours to be a linear sum/ but to be expressed in a multi-

plicative form: - ' .

- & -
, . : N

Intake o Time spent feeding x Pec%iqg rate x Walking rate .

-

|-

x Vegetation quantity

v




| oM 11

-

I theréfore fegresééd the natural loéarithms of the independent wvarimble

' .
<

. valubs on the natural logarithm of intake (raw and transformed data

\“\ matrices are given in_Appendices 8a and 8b respectively, a complete set

of aééa on vegetation quantity was not availabfe for_ the Guelph experi-
h‘i_ . * ,.
ments). The correlation half-matrices and regression equations thus
: ‘ ) . .
obtained arj indicated in Tables 16-18., Both data sets give highly sigL

.,

v .

nificant mu

ltiple correlation coefficients. The Guelph equation ex;lains

. ) ,
40% of the observed variation in intake, and the McConnell equation. 48%. @

i

X ) Lo . .
] The two_equations differ substantially in their exact form.- However, if ,

we pldt the chénges in intake with time spent feeding for the two situa-

tions using overall mean values for tye otﬁer independent variabieé, the
.ofwo equations giv% virtually/identic;; éredictions (Figure 20). The
) curves oé}y diverge seriously for feeaiﬁg times in excess of 60 min;f -
' ~-"i.e. for values outsjide the recorded range. It gay be asked why—the‘

- ~

‘exponent for tjme in both equations is’ less than ﬁnity, since the derived *_
. S8 . - . '
equations imply that, the yield from more -than two hours feeding is slight.

. ”»
L3

There are :two ﬁosqible reasons for this. Error in the measuremeht of
.
independent variables tends to depréss the size of the individual reg-

ression coefficients (Gilbert 1973: 30). Tﬁe direct weighing technique

{ L]

assumes that the energy éﬁpeﬁditune of .a feeding bird is'identica#»to

that of a control. Th;é is probably true for an individual that feeds
for enly a few minutes, but as time.spent feeding increases the weight

[

- loss of the control will progressively underestimate the respiration

’
4

loss of a"feeding bird. This would tend to decrease the yalue of the , -
. - - .
tiye exponeﬁf. More reliance may be placed on the McConnell values,

.
s 7 -

. since the weighings were more precise than those at Guelph, the birds .

L4

fed more readily, and the behavioural estimates were determined solely

- L]
- . .
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Pﬁcy:‘ WALK INTAKE
TIME - -0.004  0.361% 0.518%*
. PECK 0.045 10,041

WALK -0.150

, 4
Table 16. CORRELATION HALF—MATK{% INDICAT-

' ING RELATIONSHIP BETWEEN VARIATIONS IN FEED-
“‘ . K L]
ING BEHAVIOUR AND VARIATION IN FOOD INTAKE
. GUELPH, ONT. .1973

NOTATION AS IN TABLE 11.
L) 8 ' ~ 3

PRCK WALK VEGETATION INTAKE
TIME 0.255 -0.380.—» ‘0.467%%  0.602%*
PECK 0.074 0.12;‘ 0.110
VALK . . T -0.227 -0.317%
VEGETATION | 6.488**

. g

-

- ~

Table 17. CORRELATION HALF-MATRIX OF RELATYONSHIP

BETWEEN BEHAVIOURAL AND VEGETATION VARIATION AND

FOOD INTAKE PER MINUTE FOR GOSLINGS AT McCONNELL R. 1973.

L ‘ -

112



LOCATION CONST.  TIME PECK° | WALK  VEGN. | R
A
. ' w\\
1 ' *

: >

GUELPH 9.3‘9 . 0.56 0.31 -0.66 ) 0.40  **
. . | ‘ f
McCONNELL 5.42 0.66 | -0.31 0.15 . 0.48 **
i/ '

Table 18. FXPONENTS OF MULTIPLE LINEAR REGRESSION EQUATIONS RELATING -
| VARTATIONS IN-LOG+(INTAKE) OF ADULT BLUE GEESE AND BLUE GOSLINGS TO -
VARIATIONS IN LOG.(FEEDING PARAMETERS). NOTATION AS FOR TABLE 12, BUT

<y VEGN, IS PERCENT COVER BY GREEN GRASS *

r »

‘r y . B
-+ ‘ -‘il
DEPENDENT i )
VARTABLE CONSTANT VEGN. PROTEIN  WATER R
BOUT LENGTH -15.67 -0.16 2.03 . 0.16 0.28. ’
. A ‘ - . ‘
PECKING RATE 58.61 -0.40  0.93 ° 0.45 0.18,
WALKING RATE  -38.61  -1.20 1.87 1.27 0.92 **

T

Table 19. COEFFICIENTS OF MULTIPLE, LINEAR REGRESSION EQUATIONS RELATING

”~

. VARIATION IN BEHAVIOURAL PARAMETERS TO VEGETATIONAL 'VARIATION FOR ADULT

: BLUE GEESE AT THE\MCCONNELL R. N.W.T.
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Figure 20. COMPARISON OF VARIATION IN

INTAKE OF GRAZING BLUE GEESE WITH TIME A
. \ .

SPENT FEEDING AS ESTIMATED BY REGRESS—

ION EQUATIONggDERIVED.FROM DATA COLLECT-

a

ED AT GUELPH, ONT. AND McCONNELL RIbER

N.W.T.

L3 4 [ ]
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for the weighed individuals:” g

As noted‘in Sec. 4.2, the Gdelph post-fertilization estimates

showed a rather poor correlation with time spent feeding.  _However, the
) ' Tn 2 ) o vy o
multiple correlation coefficient if the logdrithms of ‘time spent feeding

Ky
4 . s »

’ e 0 -
and rate of walking are included:is both highly significant and relat-

v

ively large (r = 0.60, n = 27) for these data.
o . o

'f‘ - I » PR ]
"  The derived regression _equations are also intuitively satis-

=

— .
(—*‘/F§ing “In both cases time spent feeding 1is the most important variable,

At Guelph an ‘increase in the rate of pecking leads to an increased-
. 4 ..
1ntake "At- the McConnell River, intake increases with ncrea31ng avail-

»» -

L - . n
. able vegetation. Thus the behavioural variations at Guelph reported
GC
in Chapter 3 can be seen to. haVe adaptive “value. An inCreased pecking

. .
- - -...rate enhanCes intake; a, decreased rate of walking tends to maintadnga»

<

» oo ‘bird in a particnlar area, and also increases intake (presumably because
’ ‘ | an increaee in Ehefrate of valking increaees the number of unsuccessful
_‘buém ngEﬁi;r’f - o FQ . i - Q-‘ u
. g & . ,f/’;’ Co
. . o 1; | R |
4:4 JTHE MODEL REVISITED B . . ot
, - 'o _I6 the light of the analyses conducted in Secs. 3. % and 4.3,
‘ . 'we can detine the relationships of Figure 1 w1€h more. precision. The
] expanded model is shown in Figure 21+ It-is, hoéeeer, still notoposs--
o &° :

_* 'ible tp define these relationships quantitatively ‘gince the regression

equations so “far defined have been determined over a narrow range of -

®
o W . [ _
oa = 1

environmedtal vériation. The extension of such,equations to situations

‘o ]

N~ .

"

. beyond their demesne 1is qnlikely to be valid.

. > .

e U —— P e e e e e - e ¢ s g e e e s
. . .
,
.
‘ u
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Figure 21. SYSTEMS DIAGRAM OF IMMEDIATE .
. 5 : . . \

~ .. EFFECTS OF VEGETATION VARIABLES, FEEDING -

-

BEHAVIOUR AND FOOD INTAKE UPON EACH OTHER ‘ |
. . 2 ’ \'\ . r
FOR GRAZING BLUE GEESE:, KOTATION AS INi

. _ _FIGURE 1, BUT SOLID LINES INDICATE POS- - ' ’
v i ‘ , ,
ITIVE CORRELATIONS AND DASHED LINED NEG- P
3 L]

¢ ATIVE CORRELATIONS :

e
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4.5 SUMMARY § , .
The.measurement of the intake of blue geese using captive

birds, direct weighing of feeding birds, shooting of feeding birds,

=]

defaecation rate, and exclosure techniques yiells sinfilar estimatés

of intakeé per minute of ,feeding. Direct welghing is probébly the MMost
< . r , R

. A
reliable technique. Defaecation rate is probably satisfactory for wild

>
’

birds which spend a great proportion of their time feé@ing.’

Variations in feeding behaviour affect intake im such a way

3 S r pe

that the responses to/khanges in vegetation quality previously noted

3

-+ would result in increased diet quality..s —_a :
’ » . T o f
¢‘f' »
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"techniques to define relationships between the components of the model

were required to confirm the predicted relations between vegetation ﬁara—

. . . 4 . -

- 2
' » - @

VERTFICATION AND ELABQRATION OF THE MODEL

=y 4 - ?
L]
. - . . ~

“Although reality may avoid the obliga- .
tion to be interesting, theories may not"
. Jorge Luis Borges.

[ - K

5.1 INTRODUCTION _ ‘ 2 .

In the preceeding two chapters I used empirical statistical

originally presented in Figung 1. Fhese analyses yielded the more ela-
bqrate model of Figure 21; MTh;s seems, ‘at ieést, to pass ‘the test §f4
gh;t useful ~ if not always scientific - ﬁentor: cémmon sense. However,
the reliapce on sta;isgicéi techniéues,to elucidgte the nature of rela-
tionsh{ps is a.tacit admission ;f ignorance (vaﬁ-dé; Steen 1970). In this

chapter I shall first use the old empirical techniques.in an attempt to

-

validate the model with new data. . I shall then derive a similar model

from a mofe theoretical - and hopefully more aesthetically pleasing -

v
-

basis,

5.2 VALIDATION _ © .o 3
It was comforting that the data on the relationship between

v~feeding\beh§vibur and intake from both Guelph and the McConnell River

yielded similar regression equations. However, it proved logisticaily.
impractical to determine the protein content of ‘the gegetation “in all of

the 8ites used to test the M&Connell River goslings. Additional data *

RS B

meters and feediug behaviour. "Such data were availabie for the adults

shot in-The estimation of intake (Sec. 4.2). While these birds were

- - R y [ S — I ——

under observation their feeding béhavtours were recomsled. After each

'3
¢ -

o 120 °
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bird was shot three to five vegetation samples were tqgen from the area

Al

which the bird. had traversed (the sample size depended on the extent of
its parambulations) Standing crop, ‘protein, content and water content
of the .vegetation; and ‘the protein content of the oesophageal contents
of the bird were determlned ' A multiple regression rechniqee “identical

to that used in Chapters 3 and 4 was applied to the’ di‘? The results

are simultaneously more intgrest@ng (since the obeervations'encompassed

. .,
o

a wider\rangegof vegetational and behavioural variation) and less reli--

ablei(being‘based on only 13 individuals), than the Guelph results. The °
raw data matrix is given in Appendix 9.

‘ . “* * .
Vegetationt and Behaviour . L. s

{
.

Of the three eqqationé relating each behavioyr to the linear.

»

sum of grass standing crop, protein content and water content, only-that

-

for walking is statistically significant (Table 19). This relationship

L]

was non-significant in the Guelph data. Rate of walking increases with
- LY

increasing—vegetat}bn protein; tﬁis seems 1llogica1=1n the«iighr‘df pre-

#+

vious‘arguments.
The failute of the linear regressions to provide an adequate

explanatioh of the behavioural variation may be because the relationships

are truly curvilipear. However, inspection of individual two dimensional

plots gave no evidence of :this, and rerunning the regression routine

’ -

using the logarithms of all,data values did not improve the fit, It

seems more likely that the vegetation samples did not accurately repre- -

sent the spectrum of vegetation on which the geese were/feeding, especi-

L el

ally das the location of feeding activities often'haﬂ‘to;be estimated at

distances greater than 50m.

“Ingpéction of the correlation half-matrix for ell variables

"
X

o N,
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: . e ‘
. (Table 20), suggested-that the inclusion of percentage time spent feed-

. STy
ing in the regression equation might improve the multiple correlation. ‘ °
. (W \ . - -

+ It was hoped that time spent feeding merely provided additionaldinforma—

.

‘tion on vegetatiod,qualityl However, since it was shown in Chapter 3 that

percentaéé time feeding could be predicted from»a knowledge 6f bout
- . - 3

- -
@

length and walking rate, some doubt must exist as to the actual function
of this variable in the regression equations. Inclusion of time spent

feeding yieL&s a significant multiple conrelétiqn coefficient for bout

-
* -
-

length, and a coefficient }or pecking rate which -approaches significance
(Table 21). The indixidual coefficients of these équations‘axe'in quali=-

- Ed

tative agreement with those for the Guelph data. 1In particular, bout
length and pecking rate increase with increasing protein'content. Addi-., ¥

-

tionally, the effect of water comtent i% limited.

. 4
.

Behaviour and Intake
| The caiculat;d régééssion equa{?on for the relationship between
the logarithm of intake and log (feeding gehaviour) is indicated in ’
Table 22, Altﬁough'the corrg}ation coefficient is high,.ﬁhere are dis-
crepancies betﬁeen this equation and thgée calculated from the experi- . \\
. 'mental data. The major difference is in the‘impprtanéé_pf_available
vegetatiéh?~n$ﬁis,méae only a small contribution to the‘originél equa-
tions, However, the experimenés were carried out over a restricted
" range of.standiné'crOps. This restriction may have masked the. influence

3

of vegetation quality, In addit%pn, rate of walking is positively cor-

o

related with intake. This is difficult to comceive intuitively, but

. v
makes sense analytically, since it would be advantageous if increased
___wvalking rate increased intake wg the data showed a positive correlation
between vegetation protein and walking .

N
L]
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DEPENDig§T ' . | ‘L2
variapd  CONSTANT  VEGN. PROT. WATER TIME R
J— ' 2
BOUT LENGTH -28.57" 0.15 1.49 .. =0.20 _  0.45  0.77 **
PECKING RATE ~ 31.82 =0.47 1.77 0.41 0.26  0.43
WALKING ‘RATE -38.67 =1.20 1.87 °  1.27 - 0.92 *%

. ." . "

Table 21. COEFFICIENTS OF MULTIPLE LINEAR REGRESSION EQUATIONS RELATING
VARIATION IN BEHAVIOURAL PARAMETERS TO VEGETATIONAL VARIATION, FOR ADULT

BLUE GEESE AT THE McCONNELL RIVER, N.W.T. 1973.'%NOTATiON AS FOR TABLE 20 -

B -

/
TIME PECK ' WALK VEGN. . R
0.88 ° 2.98 0.47

_ Table 22. EXPONENTS OF MULTIPLE LINEAR REGRESSION EQUATION REVATING
o ’ ) ” . { R T

. |
LOG (INTAKE) OF ADULT BLUE GEESE SHOT jT THE McCONNELL RIVER, N.W.T.'

., -

»

TO VARIATION IN LOG.(BEHAVIOURAL PARAMETERS) AND AVATLABLE VEGETATION

NOTATION AS IN TABLE 20.

2
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Protein Content of the Qesophageal Samples
=

If the seleetion mechanish postulated in Chapter 4 operates,
among wild birdsj; the protein content of the-vegetation in the oesoghagi
of feeding birds should be higher than’the mean protein content of the

‘vegetation being grazed but should fall within the vegetatiou s normal,

range of variation. Table 23 compg;es cesophageal protein with the 952

confidence limits for the appropriate vegetation samples. The model ade-

-

quately describes less than half of the observations. These inadequacies
are probably partially due to unrepresentative vegetation sampling, ‘and
partially because - Hy the very nature of thelir feeding process - geese

tend to consume only the upper portions of grass blades (which have a

- i

low cuticle content). The chemical analyses for the vegetation samples

’

were performed on allgreengrass in the sample. The upper 20cm ef 80cm
high alfalfa plants may contain 50% more pﬁfﬂéin,than tbe whole plant
(Lyttleton'1973). ° .

Discussion

Although, the'data from the shot birds confirms some of the”pre—
*

dictions of the Guelph derived model the agreement is far from satisfying. w

.

* S
H N /

5.3 THEORETICAL CONS%ﬁERATIONS

éittieg multiple regression 1ipes to data sets is one,of the
simplest forms of model testing (éilbert 1973). The crudeness of this
technique is obvious from Sec. 5.2, Additionally, it is an ecological

° . .
tenet that bilological relationships are rarely linear - let alone

. - :
multiply linear - over more than a restricted range. 1t seems valid to

£y L

postulate mathematicallywmgre<complexfeand~hope£ully-bieiogicaiiy*mure*‘“‘” R

.

realistic, relationships between variables. Even these relationships

S
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\
T \
OESOPHACEAL  VEGETATION PROTEIN SAMPLE
PROTEIN MEAN' 95% CONF. LIMITS _ SIZE
15.7 13.1 9.1 -.17.0 4
21.2 17.0 10.3 - 23.7 4
18.6 15.4 11.4 - 19.4 4 N
JH 17 18.7 1348 12.4 - 16,3 3 %i; .
L 3
JH 2 20.8 14.6 13;5 - 15.6 - .5
M4 24.6 17.6 . 12.7 - 21.5 4
™ 10 28.4 20.0 12.8 - 27.2 4 .
JH 15 19.6 16.4 14.9 - 17.9 4 .
JH 16 .20.6 11.0 9.2 - 12.§ 4 ‘
JH 18 19.5 3.7 10.9 - 16.5 3
R
. .

Table 23. COMPARISON OF CRUDE PROTEIN CONTENT OF GRASS IN OESOPHAGI

.

OF GRAZING, ADULT BLUE GEESE AND CRUDE PROTEIN CONTENT OF AVAILABLE

-

L}

GRASS AT McCONNELL RIVER, N.W.T. 1973. . -

.4
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h

may involve a gross over-simplification of the bioclogical processes in-
, . .

volved. As van der Steen (1970) has pointéd out, it is acceptable for

biological hypotheses to be based on aséumptions that are known to be

only partially true. The problem with such a process is that it becomes

difficult to distinguish errors in.the hypothesis from errors associated _

—

with the premises. Having partially exonerated myself for fature sins of
omission, I shall now develop a more theoretical model.

Since 1966 it has become biologica}Qy fashionable to postulate
L4

mathematical models Qf feeding processes. However, with one exception

"~

(Westoby I974),Ithey have all been concerned with the feeding strategigs

of predataors, as defined on p. 2. All these modgls involve the concept

-

of optimization (Rosen 1967, Cody 1974). They hypothesize that 3 feeding

animal attempts to optimize its gain of one nutritional-element (nutrient

-

defined as in Westoby [1974]) in the enviromment, within the‘constraints‘
of its other nutritional requirements. To avoid difficulties in the

choice of suitable units of measurement energy intake is generally con-

sidered to be the variable to be optiqizedl Altﬁough different authors

t

define the variable to be optimized in mo?é or less inclusive terms, it

generally involves Ei - the net energy gain from ingesting one item of

’

i (calorific value of i minus energy required to capture, ingest and
. - t \ '

digest 1i); aﬁd t. - the average time required to locate, capture and in—

i
gest an individual of i. The predator then seeks to maximize Eafé; " for
t
i

*
a particular energy intake or time allocation to feeding (Schoener's

(1971) time minimizers and energy maximizer's resﬁectively).‘ These models

-

are generally static. They assume random encounters with the different

2

food items of the environment on the basi;?gﬁ the relative abundance of
the items. Cody (1971) and Pulliam.(l973

4

have, however, considered the

xe



. optimal foraging paths of vertebrates. The predictions of most mOdElﬁgej

- technique of indifferefice functions (ﬁﬁich are conceptually identical to

o

« ' . . . . , e 1~2 8

N

hage been essentially qualitative, and-they have differed considerably

&
in their degree %of sophistication. MacArthur and Pianka (1966) consider”

all items to haVe the same E value, and determine graphically how a pre-
\J

dator should minimizejgti. “Their malel applies to botn individual prey
itenms and patches of prey items. However, most of the parameters of the

model:at present defy quantification. Emlen (1966, 1968, -1973) considers

-

the effects of variation of individual quality within a particular class

of items. 4His conclusions canmot easily be expanded beyond a choiqg.bef
v - | .

. ., . . e : .
tween two different classes. Rapport (1971) uses the graphical, econgmic
‘ A\

1 N -

Levins' (1968) adaptive functions), to define the\optimal\conbinations
of tno prey items. Such a method®is conceptually é@ifficult for more than

"three items. Schoener (1971) provides a succint summary and math®matical.
. ¢ 7 - .
expression of many of these models. ‘

The application of any of. the. above formulationirto grazing

) . .- Lt
“geese is problematic. The parameters involved are difficult or impossible
. . ¢ . k!
- K - ‘ -
to quantify. 1In addition, the standard, optimal variable (energy) is > 4

-

probably inapplicable to the study of herbivore strategies (Westoby 1974).
It is difficuit to define® adeqdately what constitutes a food item for a
herbivorE. Certaifly, it seems unlikelygthat the potential food resources
of la grazing herbiv{te can be neatly divmded up into a finite set of

items each possessing unique properties Rather,,&wgrazing animal is -
faced with a matrix of vegetation;kvarying physiéaliy in three di;ensions'
and continuously for'2very nutrient narametert., in ad&ition, handling

..
and searching time approach zero for most items in a grazer's diet.

* A true "niche as multi-dimensienal space”, in the Hutchinsonian - o e
sense (hutcuinson 1957). :




o

Jordan {L971) has pointed out that the caloric value of the vegetation

components of an'ecotype is relatively constant. Westoby (1974) suggests

that large herbivores have a finite “daily intake (determined by the cross-

sectional area of the gut, and the rate of food passage througn it), and

that they therefore 'seek to optimize the nutrient. /content of this intake.

" Such reasoning, although necessarjly simplistic, is applicable-to grazing.y/

]
geese. However, I have already argued that geese in summer try to maxi- .,

mize daily food intake (by rapid throughput,and continuous feeding) as »/

well as dietary, nutrient content. In this respect they are the perisso-

E]

dactyls of the arctic tundra (see Bell 1971). ~ ’ :

L4

‘\‘ ‘ r' ' . (e . *
Developing a theoretical model of a system that has already been

)

. ] . .
subjected to statistical ahalysis is a potentially circular process. It
is also 1&@0551q1e to define numerii?lly the hypothe31zed relatlonshlps

© without recoursk to empirical data.+ However, if we assume that blue
~ / -
geege are tryipg-to maximize theiredaily protein intake we can gevelop
/ ’ . .

»

a comparativefmodeL of the simplest way that- this can be attained. When

a‘gard entounters a patch ofbhlgh quality food it can increase its pro-
%
tein intake by spending longer on th1s patch than on othetr, poarer patches,
- ]
%

up to a certain 1imit. Similarly intake can be increased by pecking

fastest on the patches with the hi%hest protein content.txAgain there is
. ' : -
a physidlogical upper limit on the rate of pecking. The mathematically

L4

simplest form thege relationships could take is indicated in Figures 22a

-
- - )

“and 22b. We must also estimate the effect of Ehese benavioural changes

., on food intake. Intake will be assumed to be linearly related to time .

o3 ’

spent feedlng, and intake per minute to be a logarithmic function of the

-
L

e

JRY

rate of pecking - since as pecking speed increases proportionately more -
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Figure 22, l'_IYPOT!‘IEIICALP REWIO&SHIPS

BETWEEN VARIABLES OF A SIMPLE MODEL OF
BLUE éOOSE. GRAZING BEHAVIOUR  °©
<
(a)y-TIME SPENT FEEDING WITH VEGETAT'ION ;
PROTEIN CONTENT. < - .
TIME ='~A1(PROTEIN) - Cl TIME < 100. .
Q Ij o .
X,
' (b) NUMBER OF FEEDING PECKS PER- MINUTE @ 8 L
* WITH VEGETATION PROTEIN CONTENT. . ' S
'PECKS/MIN = A,(PROTEIN) - C,  PECKS €110. /"

@) WEIGH'I‘ OF VEGETATION iNGESTED PER PECK ‘
»WITH STANDING CROP OF VEGETATION. L - ;
INTAKE/PECK A, (VEGETATION) . ’ ~

14 4]

(dy"WEIGHT OF VEGETATION JNGESTED PER MINUTE * . =
’ OF FEEDING WITH NUMBER OF PECKS PER .. ’ .

MINUTE. ) oo

,INTA_KE/MINI = LQG(PECKS/MIN)_ . v
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4

pecks are likely to be unsuccessful. Intake per peck is assumed to be

directly proportional to the quantity of green vegetation per unit area

-

of the patch. The form of these relationships is illustrated in Figures

- v >3
22d and 22c. . - .o
. < ‘ ‘ o ;
Assuming a random size distribution f@r patches, and random en-
counters with these patches, total intake will ¥e given by: ]>
1
P v .
max max o . ?;
v ‘ f(PiVj).Tlme(Pi).Log(Peck(Pi)).A3Vj,dV.d? - -
" P . v, . ‘ !
- min nin .
. Q .

bt}

ey
.This can be estimated by:
- (i~ - o« 6
¢ PV N
max max
. E ‘ f(P{Vj):Tlme(Pi):Log(Peck(fi)).A3Vj
) P ..V |

min min

o v ' A

.

i i) . v » . ’ s ) ) ‘
where f(PiVj) is @he observed joint frequency distridytion of vegetation

»

standing crop ‘and protein content. Protein intake wi 1 be”givénfby:

$

o zz £(PV,).Time (P;):Log(Peck(P;)). AV, . P,
Y o N .

*

Since blue geese should attempt to maximize the protein intake per uni
. @ [ ] . "

time,iand since pecking is %? energy consuming process, the function to

be optimized is:

t

L]
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» N .
: Time(P) Peck(P,) -
ZZ RV _Log . AV Ry
N S >z ~Ti;ne(Pi) - s ZPeck(P-i) ‘
i j . -5 j ) J

4

' ] g f

To determine the nature of the optimization process I wrote a simple iter-

ative FORTRAN programme:(Appendix 10) to determine the optimal values of

this function for different slopes bf_the peck and time lines (A1 and A2

Figure 22) of

1

in Figure 22) and different protein intercepts (C1 and C2,

0, 5 and 10%. The upper time limit was set at 100., Fhe upper peck iimit‘ o

£

aq\;io., A3 was arbitrarily set at 0.017. I used the joint frequency
dis ibution'of‘green grass standing crop (g.m_z) and the percent protein
in this grass to estimate the f(PiVj) distributions for the McConnell

River in 1973 and for Guélph in 1972 (Appendix 11). The output of this
programme - fQr ‘the McConnell River data is shown in Figure 23a, and for

&
GUefph in Figure 23b. The regults for the two locations differ markedly.

The optimal solution at the McConnell River is for birds not to

. T -~

‘feed onspatches with a mean protein content 1es§ than 57, and to feed
equalLy'oﬁ all patches with more than 117 protein., The relationship

between the ‘time spent on a-pafch and its protein content is shown in.

Q

Figure 24. Since the mean proteim content of McConnell, River vegetation

. i , \; .
was 137, most observed.feeding behaviour would occur at protein levels
v v o

n

.around the inflexion of this curve. If geese pursued the 6ptima} solution -

-

suggested by this model, it would be very difficult to detect a relation-

3 ¢
¢

ship between their feeding behaviour and vegetation protein coétent.

This could ‘explain the‘aﬁbiguous results obtained from the shot birds.

AN

-




-

Figure 23a. PREDICTED RELATIONSHIPS
FOR GRAZING BLUE GEESE AT THE McCONNELL
RIVER, N.W.T. 1973, BETWEEN PROTEIN
INTAKE PER MINUTE DF FEEDING AND THE «
COEFFICIENTS OF THE EQUATIONS OF FIGURE
22. THE NUMBER BY EACH CURVE IS THE

AlAPPROPRJATE VALUE/FbR Ay (FIG.‘;Z),

~ PECKING COEFFICIENTS ARE VALUES FOR

A2 (FIG. 22)

<

(A) PROTEIN INTERCEPT (C, & C, OF FIG. 22)

= 0.0
(B)- PROTEIN INTERCEPT = 5.0 /
(C) PROTEIN INTERCEPT = 10.0
' )

’
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. Figure 23b. PREDICTED RELATIONSHIPS FOR
GRAZING BLUE GEESE AT GUELPH, QONTARIO
1972, BETWEEN PROTEIN INTAKE PER MINUTE

L]

QF ‘FEEDING AND THE COEFFICIENTS OF THE

i '\_’/E(U"’ATIONS OF FICURE ,5 , NOTATION AS IN

YT

%

k]

v
DY .

K FIGURE 23a.
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" At Guelph the optimal soiution is very different, Birds should
»

on%y feed on patches containing at least 10% protein; they should gradual--

.ly'increase their feeding time and pecking rate with increasing vegetation

-

-protein. The relationship between time spent feeding and patch protein
is indicated by the dashed line of Figure 24, Maximum pecking rate is -

not attained until the vegetation contains 30% protein; equal time is

N -

spent on all/Bgtches containing more than 35% protein. Since the mean

vegetation protein content at Guelph was 24%, optimal feeding behaviour
‘ ] R - .

wolld show continuous variation over the observed range of protein‘var8a-

———

tion, an elective f ing processes should be readily detectable.

N
Thus, on the basis of a small number of simple assumptions

about tgx feeding behaviour of bluer geese we can predict important-aQ—
AR -

<

pects of the differences in the;r behaviour in different areas.
| .
5.4 SUMMARY o
‘ L4 . .

The relationships suggested by the model of Chapter 4 cduld
not be completely validate& with indebendent data from the McConnell
River. Recourse to a simple ﬁathemétical modei of blue goose grazing
behaviour sugges{ga that if birds were atteﬁg}ing to maximize thei{ pro-
tein intake per unit. time éf feediné, variation cof ghe type observed -

.
i . [

would occur. . P




Figure 24, PREDICTED OPTIMAL ALLOCATION
OF FEEDING TIME AMONG EQUAL-SIZED PATCHES
. OF DIFFERENT PROTEIg CONTENT FOR BLUE
GEESE GRAZING AT THE McCONNELL RIVER AND ) .

AT GUELPH, ONT.

M - MEAN PROTEIN CONTENT OF McCONNELL :
RIVER VEGETATION L

f
G - MEAN PROTEIN CONTENT OF GUELPH ) )
" VEGETATION L i C e
’ L]
l .
‘ -
~i
N : ’ ‘
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STRATEGY AND TACTICS IN BLUE GOOSE FEEDING

"...for science there is neither truth nor
reality but only the possibility of rationa-
lization 4nd the hope of reliability...."

’ ) J.G. Skellam.

AN :
6.1 INTRODUCTION

+

The tendency for biologists to explicitly consider adaptations
as strategies may have its origin in the second chapter of Levins' impor-

tant monegraph (Levins 1968). It arises from a desire to extract unifying

5

principles from the nexus of evolution, ecology and behaviour. The fact
. ; A (

that completely unrelated species have evolved similar mechanisms in

response to specific environmental exigencies suggests that there may
only be a limited number of such strategies. If this is so, a theoretical .

framework for the analysis of .population events in this domainmay be con-
P oo 4

structed. Saphistication may be increased by distinguishing between
. .
strategies and tactics, ip their original militaristic sense, Strategies

are manipulafibns performed to determine the place and time of battles,
tactics-are the methods employed while in actual contact with the enemy. .
Smttﬁ/z;974b) gives good examples of thF_diffeténce between feeding

strategies an%’feeding tactics. 1In this thesis, Chapter 2 was ﬁrimarily

concerned with strategies, aﬁd Chapter 3 specifically with tacticd.

i ]
So far this analysis has been largely restricted to the quanti- .

‘ tative relationships between the components of the model finally elabo-

(v

rated in Chapters 3 and 4. However, it is hardly realistic to expéct an

-

animal in so essentially ephemeral an environment as the arctic ‘tundra

to respond in the invariant manmer that the modél suggests. It was not

{ . ‘

¢ :
therefore surprising that the results from Guelph could not be rigidly
applied to the McConnell River situation. In this, final chapter I shall

-

]

o
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Atems in each case are also the relatively most abundant ones in the -

< . S 142

»
consider blue goose feeding behgviour in a largely qualltative fashion.

TS

6.2 STRATEGIES :
The distinction between strategy and tactic ip a biological’.¥
4 .

context is obviously somewhat arbitrary. However, within the original

definitions of the terms it is possible tg distinguish strategies as

.

" those behavioural traits concerned with the large scale spacio-temporal

‘e
patterning of the environment. The distinction is one of times sgcale,

strategies may vary seasonally but anot from minute to minuté.

-

-

The choice between rgbting. and grazing is a strategic one
determined by the physiological requiremeﬁ%e of the individual and.the
availability of the two food components. Kear (1966) has noted that
gany ég§g£ spp are root feeders in winter and prior to migration, since
at thls time their primary requiie?ent is for a high caloric content diet.

In summer the ba31c>metabolic requirement is for protein and the diet

switches-to green vegetation. It mu%t be added thatothe chosen food

respective environments, so that }t‘is impossible to attribute a specific‘
cuasality to the strategic choice.

Westoby (1974) has pointed quttthat the primary‘fectpr limit-

ing a grazing herbivore's intake is the rate of passage of fqod through

L)

the intestinal tract{ The requirements?of flight have pre-adapted geese

for, the e%ficient exploitation of the, relatively.nutrient poor arctic

£t

vegetation ¢ An elaborate - and therefore heavy - digestive system is

»
1

..incompatlble with long mlgratory flights. Thus, of necessity, food .

Fs

‘4passes rapidiy through the intestinal tract, permitting continuous feed-

ing and optimal utilization of the long aretic audmer days.

! -
[ o \
¢ / .



wrne Lrmme

"strategy. The arctie tundra,gfﬁgélqnds are characterized less by low

L . ¢ . f
tegic decisions, During June females lose more than one third of their

* grained ‘structure of the environment,.and involve the minute to minute

-

The specific¢ timing of the reproductive period is an dct of

e - .

daily primary productivity than by a very short potential growing season -

(Bliss 1971). As indicated in Chapter 2, high quantity and quality of

N
>

vegetaﬁion at the McConnell River is restricted to July and early August. o

<} - ’ ( *
Blue geese lay their eggs and incubate in June, when.food availability . J

»

¢ ) .
is low, -but when-nesting sites first become available. WHatch in the last '

week'of June or first week of J'cd—incides with the major commencement & -
of primary production. This ensures aptimal feeding conditions for the
goslings at their critical ﬁeriodqof maximum grpwth\invthe third or -fourth

week of life,. S oLt

The role of the fwo sexes in parental care also involves stra-

. .. ‘.

-

body weight to the demands of egg production and incubation (Ankney 1974).
s ? . . B . @ ‘ . : ' . ¥

They need to recover these body reserves in order to complete the major
.;moult and migration. Similarly goslings must. complete g;owth to near-

,

adult size. Males lose considerably less weight than females during
: ]

&

incubAtion (Xﬁkney 1974). Thus they can energetically afford to sgenﬁ

L]

more time’ than females in non-feeding activities after hatch. The most

important‘non-feeding Activity at this time is being alerﬁ;(Segl‘Q.Q)i?o

o -

-’

protectrthé“gqslings. The fact that males spend twice as much time alert

as females confirms' the. intimation that they would follow an optimal-

«
.

strategy.

+ O

6.3 TACTICS ' 7/ 0 - T 5

As implied in Sec. 6.2, tactics are concerned with the , fine-

. R L 4

?

-
]

3
- “




5

Lot
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adjustments in feeding behaviour to. chang®s in the feeding environment.
[ - a - . . - '
N N ! ' ’ - v e ’ .
“ A species' tactical repertoire is obviously restrigted by its in%ﬁial
- n [y N . - . -
S $ : »
strategic decisions. ' ) . : V4 : »

<>

e o

‘ ; . Y .
I have'argugd before that blue geeSe should seek "to maximize
both the1r dally intake q‘d the nutrient con&ent of this intake. The .

Guelph experlments suggee:ed a tactical gechanism for fulfllling Both ¢ /f/
L ] -

these priorf%ies and this mecﬁhnism was at(least parté?lly confirme by,

t\
{

ad&{klonal data aﬁlnce family parties cannot‘fly between feedlhg grounds,,

- they must walk, It is therefore*opportune for the birds to feed et~311

T 3

LN , . . N s 0" 3 . . »
times. Feeding continuously also ensures contimuous sampling ‘of all
< .~ . i

« , i F s . M .

items in the environment. This is essential if an individual is to make

- . LY : . .
an optima} choice between items.’ ﬁy_quantitatively-chaﬁgiqg the rdte at.

LA

-4
. Vvegetation characterlstlcs, 1E is possible for 5he birds-to optimize thelr5
-~

! P

< intake. An inerease in bout length and dected%e in.the speed of walking

P

ensures that the birds remain longer in Hiéh qualit&ia}eas.thanwin low

tel e ’ -7 - . N

a -

-qhality ores. The increased rate of pecking in these areasaincreases the
Y. 4 e H :
1ntake per unit feedlﬁ; time whlle graz1ng there. :If the increasad rate

~

'of turnlng casually observed at Guelph also dtcurs 1n the arctic,” this

,would addltlonally serve to maintaln lhe‘birds in good dreas. Experl—,»

mental determinations of the

%fluenoe of thgse behavioural changes on

( »

» 1 “ L

intake inaieetea that thsy.di have, the predicted effect. .

° ¢ -

]
geese feed onlj’on arcf?ﬁ grasses” and
'effectlvely ignore’most dicotyledons - especially gince the ltz?es of
i . )
these spepies are often, relatlvely high in protein: (Gardarsson and Moss

L] bl v b . ©

.It may be gsked

-

+
R

1971, Harwood unpubl( ﬁata)a,‘There seem tb be tﬁree reasons. The cranial'

» . © M 9

5mqrﬁhology of geese.}sVnot adapted to stripping the leaves from shrubs.

L , v ® - .

. . - . [
L . g - . . -

K
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. Most dicotyledonous plants in the arctic have thick leaf cuticles, which

would resist digestion during their short residence in the goose's: gut..
R
v . . ‘
. - . They may also be more likely to contain noxious secondary®comppounds than

the leaves of= growing grasses (see Seg. 6.5).: Dicotyledon leaves are =

-
o o essentially a non-renewing food source in the course of the summer,
- . .

e ©

Leaves would be completely removed by feeding geese, and would not nor-

“
- L)

mally be replaced until the .following, summer. In contrast, removal ofe
. . '
grass blade tips may result in enhanced vegetatibn growth during the same

summer (Sec. 6.4). However, incubating geese will{eat the leaves of *

Vaccinium uliginosum L.;-although this inclination disappears after hatch.
AN : e
The captive goslings could be persuaded to sample some dicotyledons - in
. R ’ . -
particula'r V. uliginosum, the flowers of Astragalus alpinus L. and those

of various Othrogls SPP. =-UP to seven days of ége although they scru-
o- ‘ pulousw avo.lded plant leaves 'with thlck waxy \t'u—ticles (such as V, wvitis-
idaea L. -arid Rhodendron :‘layponicum (L.)). $4rds older than ohe week were °

L - * 3 - i .o®
K:' ' ~observed to consume‘only grasses. é?

= \ « ’ -
~ . (O '
& 6.4 RELATIONS WITH THE-ENVIRONMENT ° . T
. oo - ' '
. . ‘The relationship of blue geese to their food supply invol\(es'
. r} - . . .
AW more than a simple, one-way movement of nutrients. 'Otherwise it seems
g t

¢

.. unlikely that col;onies could occupy the same sit@ for any extended period.

- a

The majority of gosling mortality)occurs ngt on the%:reeding' ,grounds-, but "
. .. - v is the result of hunting on the. ,fa%l migration. Sinee aJ:mo* the entire »

T - ' gosling, is composed%‘ of nutrients extracted from the breeding grounds, ]
t:his represents ; massive nef exportapf nutrJ.ent.s from the tundra ‘—
. i . - : EI

system. £ N "

. w

Ao * . " Remmier’t (1973) hds suggested that large.herbiveres;méy be one
. . -t ) ' L

-, o - T .
A . 0 g L
" Ty o “ . -
. ' . ' - o
- L4
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. . ’ ’ ?\\ t
of the major channels for nutrient cyalagfjin the arctic. Normally vege- o
- . ' ’ - . "] “‘ R ". By
tation decays very slowly in the.arctic. Remmert suggests that the com—

minutive action of herbivores brleaks the vegetation up into small frag-

bl

ments which, when defaecated, 'provide a large surface area for decompog}-

tion. Certainly blue goose faeces are composed of vast nupbers of small
) . o ¢ ’ . H.
but identifiable plant fragments.” Since the food passes thraugh the gut
~ B ~ \ <
- ' ' ¢
Af/geqse in less than two hours, its mineral content cannot be greatly
altered. To provide some -information on Remmert's hypothesis, ¥aeces

we:e'coilected as they were excreted from grazing captive goslings, and

frozen within 20 mins. of colléction. Portions of 25g were gewn into
-~ [y N o
A

cheese cloth bags which were pegged out on the.tundra in the'first week

~ [l A v

of August. Individual bags were they collected after 12 hoﬁrs, 24.hours,

_2:day§z_4—days, 8 days and 15 days ‘exposure, and immediately refrozen.
4 - ) r i
All samples were oven dried and their nitrogén content was determined;
. ~ N 2 - 7

T ¢

changes in nitrogen content (expréssed as "crude rotein") with time are
g gen P p

"
i
! \

indicated in Figure 25, During the first eigh%/days there was no rain
and no appreciable change in faeces nitrogen. After less than lem of

rain on the tenth day, the nitrogen content of the faeces'dropped‘sigqifih -
‘cantly. Since rainfall at the McConnefl River normally occurs moré than

< ’ - . ! ’ -+ .
once every ten days, it seems that a considerfble portion of the nitrogen

- )

N N - .
component of blue goose fatces wili?ﬂe returned to the soil shortly, affer
+
defaecat;:j. Since each adult defaecates approximately 250 times per ' .

) .
day, this" is a substantial return.

. There is an additional mineral input te the system. , All bIUe'.~A

g
7

. , . .
goose colonies dn the eastern arctic are zftuated on coastal lowlands.

. ) , X
These areas’ have but recently emerged from Hudson Bay in the grocesé of

[
iso-static rebound (Walcott 1972). The area around the McConnell River -

-
-
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.

is probably still rising about 0.6m per century (Andrews 1968). Since most-

¢

/
‘.

o

of the McConnell River area is very low-=lying - less than 10m above sea

lével (MacInnes et al 1974) - such a rapid rate of uplift will sgbsfan-

< .
A ¢ .

tially increase The aréa of lénd available every decade ‘and provide a con-

tinual external mineral input,
’ .

As noted in Chapter 2, goose grazing seems to .dncrease and
E !

1

prolong primary productivity (Figures 3 and 4), and increase -the protein

content of the vegetation (Figures 7 and B;T\\§Sthough some of this effect

may be due to fertilizatiBﬁ"By\the faeces, this 4s not an-adequate expla=

nafion since many of the vegetation sites.sampled conéained no fresh
faeces. Blue geese graze in loose aggregations of several f;milies.

Areas regglarlybgrazed Ey such groups ha?é a,charaéferistic H"u:'iwling Ereen”
appearance. Therveggtatiop is 2-5cm high and ver&apt.. This is in marked
contrast ;ofsome suffﬁunding sedge meadows - espé:ially those deminated

by Carex aqﬁatalis Wahlenb., agg. - where the coarse vegetation may be

'3

AN

more than 25cm high. It seems that the’intensive grazin 'activities of
gl g 44

the geese may maintain the vegetation in a relatively iﬁma;ure stage - as

", “suggested by Vesey—Fitggeraid (1960) for an Eést“Afritaﬁ“gfazfﬁg*fégfﬁé"3'"“”**7

with continued, accessible new growth {with low fibre and high prot;iﬁ

-

“

content) and little or no flowering. The total nitrogen,cbntent of gras-

. - A : P
- . . . I
ses—is—krown—todecrease-markedlyy—wit : —

" Some circumstantial evidence for this hypothesis is ﬁrovi&sd by tepeat

-

sampling of Vegetégion‘éites at the McConnell River in'1971'(Table 24),

The protein content of this artificially 'grazed'' vegetation is gonfls-
o“ , o e '."\ LS
tently higher than that of the surrounding, previausly unclipped, vege-
L Y ’ '

-— . - - . .

tation . = v

s
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K
’ - SITE B STANDARD . REPEAT .
_ CODE ‘ SAMPLE SAMPLE
4
UNEXCLOSED 11.3 16.6
[ 3
40A199 ;
EXCLOSED "12.3 18,4 - E
v . . J ' s i
UNEXCLOSED 12.9 ) 4.2 .
- 40B252 ‘ S , '
‘ ' . k
EXCLOSED . 12.0 15.6 .
s
l L]
Table 24. °COMPARISON OF CRUDE PROTEIN CONTENT (%) OF GREEN GRASS
SAMPLED FOR THE FI!’& TIME (STANDARD SAMPLE) AND SAMPLED FOR A SECOND :
TIME-AFTER BEING-PREVIOUSLY CLIPPED TO GROUND LEVEL (REPEAT SAMPLE)
- FOR TWO SAMPLE SITES AT THE McCONNELL R. 1971.
[ ]
. ¢ o
7 - "}"
- L} . R4 ":
. ‘( v i"‘
1. :
-, ’
. ’ v



6.5 ANALYTICAL SHORTCOMINGS

]

This study has been concerned with the relationships between

blue\é?ese and grass, and specifically with two properties of the grass

= its quantity and protein content., It may well be asked why other vege-
[]

tation components have been ignored, and the potential influence of this,-
& f . .

ignorance on the analyses. I have argued that blue geese in summer have

good cause to select for protein, and that the caloric content of the

vegetation should have apirivial influence. Other nutrient miderals.';
¥ ; : . |

® A}

must be considered. Gardarsson and Moss (1971) and Moss (1972b) have
s . ] . e o .
shown that tetraocanids will select for high phosphorgus content vegeta- .

tion. However, Moss (1972b) found that phosphBrus and nitrogen were
. r ' hd

3

positively correlated and that nitrogen was also selected for.  Phos-
phorus has been ignored in this study “primarily for logistic reasons.

No facilities exiézéd,forAthe rapid analysis of large numbers of samples.
Similar reas;ning applies Eo the exclusion of calcium, This omission,.

may, be more importa&l than that of phdsphorus,vsipce Ankney\(1§7%).fouhd
that-incuba;ing female> blue geese use the calcium of their.long bones as

a nutrient reserve. This reserve must be replenjshed during the summer.

The failure of the Guelph birds to consistently respond to lime fertiliza-

i

tion suggests that calcium is a less important elément than nitrogen

‘for blue geese.
As Freeland and Janzen (1974z have pointed out, the ﬁoxious

-

j o .
and. toxic effects of plamt secondary’ compoupds are major determinants”of b
herbivore feed?qg strategies. Their presence is difficult to determipe, '
) P ’ - . g

and they have been virtually ignored in this study; ailhoughytheir pre—

sence ‘was invoked as a possible reason for the avoidance of gome dicoty-

+ledon species by geese (Sec. 6.3). It can be argued that, in an ecosystem

-
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as ysung as the arctic tundra, and where the depredations of grazing:

geese are localized, ‘the flora will not have had time to evolve an appro-

-

priate spectrum of toxins. In this case, the arctic may be one of the

few areas where geese - which cannot afford the extra weight of elaborate
. s _
detoxification mechanisms - can operate efficiently as generalist herbi-

[ ‘ s
i

-

vores,

Some mention must a}so be made of the' lack of precision in the
relationshipéigetermined between the vhriaPlgs of the model. A partipn '
of tﬁﬁs vaguéhe§s is the result of the difficulty in opfﬁining accurate.
estimates of the fparameters involved. However, if is unrealistic Fq'

~ f . expect a species which operates if several different environments ~ all

. R .
- < , v
/’““\\ ~ of which are, at present, temporally unstable - to exhibit rigid res-

- =
: , ~ponses to environmental variations. It Ks-noq; therefo;e; surprising
) . : - w
”

that the calculated relationships rarely account for more than 50% of

the total variation in the apprepriate dependent variable, and that their

-

exact form varies with location. : -

¥ _ 3 I

.

. Moss}(1972a) found that the intestinal lenéth of‘red grouse .

fed a prlpared diet was significantly less than that of similar birds

-

fed heather. -1t is very probable that the intestines of thg Guelph birds

were shotter than those of wild birds. This may have biased the results,
* - .

»

although it is difficult to predict what this effect would be. The fact

that the behaviour of these birds could be readily extrapolated to arctic -
conditions suggests that the €ffects of this abnormality were minor. o ’
/ ’ ) v : S

4 s

-

v 6.6 EvokU'rifom

‘ The suggestion that blue geese choose specific strategies and

‘e

*tactics carries the iﬁblicatiéi that they are'c0nsciously able td make




P \
-

+
-« . N ~

detisions of statesman-like rationality. Therée is even less basis for

* making this supposition for geese_éggn ther% is for the similarly‘named

actions of military generals. 1t is, r, instructive to consider

how such mechanisms could evolve within the strict framework of natural

k]

-selection, ’"°
14

Y

That an optimal feeding strategy will be favoured by natural

~

selection is obvious. Females which feed with maximal efficiency in .

&

winter will have more available egergy to channel into egg production

than those that do not. Similarly, birds unable to recover the reserves

LY

lost in incubation, and to lead their goslimgs to areas of adequate nu-
' ' ,

triént content will be completiib selected against. The problem is the

] ‘ '

explanation of the various feeding-<tactics. The fact that the Guelph

4 L)

birds exhibited these behaviours - although they had not previously had
access to a wide range of food protein contents - is some evidence for a

genetic component.h,However the role of learning is obviously 1arge,

. ° i hY
Goslings feed in close proximity to their parents, and are likely to

miﬁtt’ﬁgréntal behaviour, Thu; apprépriate parental behaviour will lead

to appropriate gosling beha&ioﬁr. This»imitative learning will be en-
hanced by delayed learning effects. If rats_are made sick By X-radiation
after having eaten a novel food item, they tgpd tq/aVoid this item in

. .. )
future trials (Revusky and Bedarf 1967). Vitandn deprived rats will

. - ) . 5 : -
select for sagcchirin if given vitamin injections shortly after drinking
* -

saccharin (Garcia et al f§é7). Similar delayed avojidance learning - in

this case the avoidance of potential prey‘items - has been demonstrated

-

for coyotes, Canis latrans (Gustavsdy et al 1974).9 Such a learning me~

chanism has not been shown in birds but its presence seepm likely,t

is therefore possible that goslings would rapidly learn which typeékof

.~ ,1l

O
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vegetation resulted in optimal bloocdé protein levels, especially since

parental behaviour would tendjko concentrate their feeding in high qua-

- -

lity areas. Provided ' the goslings could detect some cue‘associéied with
this high_quality vegetation they would auteomatically tend to adopt op-
timal feedigg tabéics. In mos£ yegrs t£e water content of the vegetation
(i.e. its "succulénce”) is probgbly an adequate cue. Water and protein
content of grass were correlated at Guelpﬁ (Sec. ;i;g) and ;t the McConneil
River ig 1971 (r = 0,53, n = 28, P < 0.01). This does not explain how

the original blue goose pair came to adopt the optimal tactics, although

+

such behaviour would confer a major selective,advantage upon tHeir genp—'

type.
A. ‘ D ‘

6.7 SUMMARY "

-

A :
Grazing blue geese show a series of behavioural strategies and

tactics which seem tp serve to optimize the protein intake of females

- ~

and goslings. These strategies affect not only the general feeding be-

haviour of the birds but their iﬁpact on the tundra ecosystem. Small, ~]
’ 3 .
quantitative changes in the expression of individual feeding behaviour’

7
g

parameters serve to enhance th’irds' protein intake.

Although there is a net nutrient export from a blue goose

o

coloﬁy, partial nutrient balance may be maintained through glacial uplift

and rapid nutrient recycling aided by comminution. e

A feasible method for the evolution of optimal feeding strate-

gies and tactics is proposed.
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APPENDIX 1 . - ) :
- L o N
THE EéﬁECT d% VACUUM FREEZE bRYING AND OVEN DRYING ON THEA
WATER AND PROTEIN -CONTENT OF GREEN GRASS
o '.:‘ i '
. Fiwe vegetation samples collécted at tﬁ% same site at the
McConnell River, oglthe same day iﬁ 1971 were sorted into veggtétion
compoﬁents. The ¥rass component of eaéh sample was divided into two,
approximately equal sub-samples. One set of sub—samﬁléé was‘d ied for
24 hourg in a shelf model Virtis vacuum freeze drier, the other t was
ﬁ/,dried for 48 hours in -an’oven aF 65°. The weight loss of eachbsub—;, ‘“

sample.was determined and used to estimate its water content. The total

nitrogen content of every sub-sample-was then determined.

e * \
. ;
SAMPLE NO.. ‘ 'FREEZE DRIED OVEN DRIED

1 S 50.1 54.7

2 ' - 48,2 ‘ 47.3
o 3 » 508 C56.7 | .

4 . 56,1 58.4 : ‘
50 | 53.6 55.3 |

Table 25. ESTIMATION OF PERCENTAGE WATER IN GREEN GRASS FROM THE

McCONNELLY RIVER, N.W.T. BY VACUUM FREEZE DRYING AND OVEN DRYING.

<P -



SOURCE ‘ D.F. 88 MS F )

- BETWEEN TREATMENTS "1 18.497 18.497  5.29 n.s.
BETWEEN SAMPLES 5 . 97.157 24.289  6.95 n.s. -
ERROR 4 13.983 °  3.496
' TOTAL , 9 129.637

o

o t

.- )
Table 26. TWO-WAY ANALYSIS OF VARTANCE TABLE OF EFFECT OF VACUUM FREEZE

DRYING AND OVEN DRYING ON THE WATER CONTENT OF GREEN GRASS FROM THE.

/ -
, Mccomgﬁ, RIVER,.N.W.T. v
2l » i N L4
| A
O -
< &
L
SAMPLE NO. " FREEZE DRIED OVEN DRIED L
¥ ' ‘ :
1 w 16,4 17.1
2 S 1425 14.5 ©
‘3 . | . 19.4 . iés.a s
4 f15.2 16.6.

, 5 | ‘ 14.1 14.3

x

i . 3 B .
Table 27. PERCENTAGE CRUDE PROTEIN IN GREEN GRASS FROM THE McCONNELL

t

RIVER, N.W.T. AFTER VACUUM FREEZE DRYING AND OVEN DRYING

A



SOURCE - © . D.Fe SS

" BETWEEN TREATMENTS . 0.169

BETWEEN SAMPLES 28.920
L3 > .

_ERROR 6 1.576

¢

TOTAL - 30.665

9
v .
o~ ¢

?ablea28. TWO-~-WAY ANALYSIS OF VARIANCE TABLE OF EFFECT OF VACUUM FREEZE

. R N
DRYIM® AND OVEN PRYING ON THE CRUDE PROTEIN CONTENT OF GREEN‘GR{?S FROM
" - i

. Y
THE McCONNELL RIVER, N.W.T.
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-GUELPH, ONTARIO IN 1972.

. MINERAL YALUES AREigN PARTS PER MILLION.,
. . T :
\/,O . A ’ R (‘\ ‘ .
. “ “ _
o
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) . - ’ ' " ) o
. ! v
[ ’ ’
T ¢ .
H v
H . _
oy ) . .
‘- ¢ e /' > s m .
T *
’ .
4

.- TOP-SOIL CHARACTERISTICS OF EACH ZEST PEN OF THE TE

SN

' ’ . . o
P > s
. Q
N " ) '
e , ' APPENDIX 2 © .
- . ) N ‘ M , & . d
| 8 s . ! - . .
* * SOIL CHARACTERISTICS OF TEST ARENA AT GUELPH ONTARIO
S w . j OCTOBER 1972
£y . J‘ \
e | ‘
| ‘ v :;' - . -
h K 1 s 3
PEN NQ{ 1. .2 3 A 5 .76
3 . i
TOP-SQIL . » . . ' .
'DEPTH (cm) - 26 21 18 ¢ 20 17 18
pi Jj 7.5° 7.4 7.4 - 7.5 +. 1.5 7.5 "
POTASSIUM. 79" 69 63 - 63 219
CALCIUM %gjb 18700 1830 "1900 1900 1830
. " MAGNESIUM 571 581 603 ! ' 576 % 565 587
. - ‘ ' . : 14
PHOSPHORUS - 9. .9 ' S A 9 8
DR /\J'. ‘,.;: ' *

ST ARENA USED AT

L]

EACH VALOE IS THE MEAN OF THREE SAMPLES.

-4
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i L APPENDIX 3 B
‘PBHCBNTAGE TIME SPENT FEEDING BY CAPTIVE-BLUE GEESE ON PAIRED '
FERTILIZED AND UNFERTILI;JD VEGETATION SQUARES, GUELRH, ONT.-
s 1972, DATA TRAy\s'Fo‘RMEDOTo VX + 1/2 )
) o : :
. TREATMENT  SQUARE UNFERTILIZED FERTILIZED . = :
~ V72,57 + 0.47 (29) 4.41 + 0.55 (27) <
-y 2.63 + 0.65 (15) 4.42 + 0.52 (15) .
’< 1.74 +'0,73 (14) 3.15 £ 0.46 (27) o
: | - : ?
| 2.96 + 0.47 €35) “4155 + 0,66 (34)
NHNO;  2.5m 2.69 + 0.41 (29) - . "4.62 + 0.97 {20)
‘ 1.66 + 0,28 (31) 245 % 0.57 27)
Ly ) ) " “\ * ‘ ?
2,49 + 0.47 (30) , . 3.81 + 0.67 (28)
) 1 g . 3.58 +0.50 (30) 4.17 + 0.62 (30)
n 5.06 + 0.92 (16) . 5.06 + 0.81 (16)
: - i Y
T L4 -" . P -~ "
' 2.84 + 0.49 (27) 3.30 + 0.68 (25)
' . 5m 2.61 + 0.82 (11) 3,80 + 0.54 (29) - T
¥ 3.86 + 0.57 (34)= 3,37 + 0.59 (29)" DR
v - ..._-. . - ? ’ 4
CaCO3 ¢ ' )
4,69 + Q.67 (26) 5.12 + 0.60 (27)
. . , ‘ ol )
2.5m . 3.02 + 0.67, (24) 2.41 + 0.37 (33) - *
2.63 + 0.61 (27) 2.58 + 0.45 (27) - T
P N - ] ' : ' R
h ] .
. § lv (-r . . \
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". APPENDIX 4

THREE-WAY ANALYSIS OF VARIANCE TABLE OF THE -EFFECT OF

NITRATE® FERTILIZATION ON THE FRESH WEIGHT STANDING CROP OF

Sy

4

s

GREEN’ GRASS IN SQUARES OF THE TEST ARENA AT GUE}‘PH

AMMONIUOM"

SOURCE | " D.F. $S MS . F
BETWEEN TREATMENTS 1 0.859 0.859 - *0.85 n.s,
BETWEEN SQUARES S 11.047 2.762  2.74 n.s.
EXCLOSED VS UNEXCLOSED 1 0.922 0.922 0.92 n.s.
INTERACTION 1 & 2 . 4, 80.228_  20.057  19.93 ***
INTERACTION 1 & 3 1 0.119, 0.119 0.12 n,s.
-INTERACTION_ 2 & 3 b 2.812 0703 0.70' n.s.
’ < . .

INTERACTION 1, 2 & 3 ° 4 4.591 1.145 1.14 n.s
ERROR - . 40 40.2 1.006 >
TOTAL -

’ I }

- -~

“r




. ‘ : " ©" APPENDIX 5

- ~ ‘ % L ——

-r
4

., -
N

FEEDING RESPONSES OF CAPTIVE BLUE GEESE TO VARIATIONS IN THE

QUANTITY AND QUALITY OF GREEN GRASS IN THE TES?’ ARENA AT -GUELPH
: < . ‘

- - \_\ ' N
DATE . STANDING  PERCENT, PERCENT _ BOUT PECKS/ .  STEPS/
: cropl  PROTEIN  WATERY LENGTHZ  MIN MIN
‘ L] [ . . -
H “ < "
.15 AUG .82.5  30.3 74,7 - 16.1 - 68.2 21.6 _
! 22'a06 " 113.3 - 29.0 6.1 20.6 72.8 6.2
: - -
22 AUG. . 124.0 25:8  © 66.7 , _14.9=  64.9 8.2

22 AUG - 63.5  _ 28.3 65.1 4.2 - Bl.7 9.2
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*_: *  APPENDIX 6 : ;o
EFFECT 'OF TRIAL TIME ON THE ESTIMATED INTAKE RER‘MIN'UTE. OF )
FEEDING OF BLUE GOOSE GOSLENGS AT THE McCONNELL RIVER, N.W.T.
.\ ’ .. N . [
‘ 1972
, FIRST s SECOND ) '
DATE ,  TRIAL 5 “TRIAL
¢ : ,
. 5 JULY \ 0.77 o 202 ¥
6 JULY - = . 1.04 - 0.91, B R
! : - .
7 JULY © 0.75 ‘ . 0.96 : <
- ) /
8 Jury ; ‘ I-E.n 3.08 ,
9. INLY o 2.35 1.17 ° :
10 JULY- S 2.7/ 1.77 .
, 11 JULY . , 1.66 -, 1.5 ’
I . - .
13 JULY - 1.94 1.52, .
15 JULY " _ 1.89 : .72, R
17 JULY - 1,98 . 1.60 w
18 JuLy® C o250 -, 1.70
© 19 guny < 1.96 - 1179 g -
21 JULY. 0.74 ~ 3.60 -
N \ < ’ Ad .
24 JULY  ~ . . L.57 , 2.42.
: ' , ¥ .,
25 JuLy - 140 . - _1.96 ’
- . ' . - v 2 7, -
26 °JUL¥ . ., 2.00 . . 2.87. ' 7
3 . - ‘a . o ’ '
27 JULY 2.1 - - T 2.36 .
< PR ' .
30 JULY . 2.26 1.68" . -
' , e 7 " i ;: ‘ f [
- 4 <
‘ 4




- ] -
BT .
] . / F . »
®SOURCE D.F sS MSe " F

BETWEEN TRIALS 1 0.035 0.035 0.08 n.s ,

BETWEEN DAYS 17 10-. 800 0.635 '1.39 n.s.

ERROR 17 7.767 '0.457

[ 4 ’ AR

\ TOTAL r”' 35 18.602
’ “ [4

Table 29. TWO-WAY ANAL'YS'IyOF VARIANCE TABLE- OF EFFECT OF TRIAL TIME/
i s 4

AND DAYS ON THE },ZSTIMATED‘ INTAKE OF BLUE GOSLINGS AT THE-McCONNELL RIVER.

¥

k!

o

L)

-
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N

¢ . . AUTOMATIC CAMERA FOR E&MATING GE}OSE USAGE
. ) ‘
The_camega unit WJE desigﬁea and- built by Dr.,R.J. Planck of. .
N 7 .
thet&xﬂogy Department, University of Westerm Ontarjo. It regembléd
. . thé Qnitnu;éd by C;wardin and Ashe (i965). \ . 4 B
7 . A Kodak In%tamatic M22 Super 8 movie camera modigied for

ginglé‘frame usage wés:pounted on a'commeécial, battery‘driven tgrntgble.

[ “

v

- , ' » - P

The %urntablp motor was activated at 15 migute intervals by a battery
A ’ ' .
driven electric Clqcﬁ. Thus, every 15 minutes the turntable rotated
4 1 . ) -

~ . X N ”

through 360°. Stops set at 90° intervals around the c1rcu@éerence of
- e e
‘ N4 t3;4turntable platter triggered the cdmera's shutter mechanlsm.‘ Each
camera unit and each clock was housed in a separate waterr-tight box.
¢ - . ' R ~
Each camera could,in theory;“operate fq{ 10 days without at3ntdion.
. « . . » - - 3 . .
- .-‘ In 1971 a unit was placed in the centrel{of each of the o
heCtafe,study areas. It was SO adjusted'that the four frames exposed .
i . .
every 15 minutes would, together record the whole study area. By anal- e

-
-,

-~

y21ng,the films from each camera unit w1th a single frame capablllty

“super 8 projector 1t was podllble to estiqete the number of geesé using’

s L -
. each quarter of every stu&y Aarea, and thus the numbe; of ‘birds feeding o

2

in the. unexclosed plot by each exclosure wever, the units proved

- . [l

somewhat unrel’able in - -severe weather condltions, and only one unit ran

¢

. for a whole 10 day perlod
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APPENDIX 8a , -
- |
EFFECT OF VARIATIONS IN FEEDING BEHAVIOUR ON THE ESTIMATE AN
INTAKE OF BLUE GEESE AND GOSLINGS ~ RAW DATA. \ .
< : y - . - \
. ¥ . »
~ L MINS PECKS/ STEPS/
i BATE INTAKEL FRED MIN MIN
@y i '
4 JEIEY‘ .16.2 20.5 58.1 - MgL4 s
. 8 JULY 45.7 53.0 62.2 't 24.8
" r18 JUNE 40.5 *.17.5 50.6 15.3
19 JUNE 17.4 7.5 49.5 13.3 . e
14 JUNE 26.2 4.0 b4.8 . T L3027
; - 28 JUNET - 18.8 . 17.0 o 45,5 L 19.6
' 2 JULY 32,4 L1 330 . "56.6 8.1
\ 25 JUNE 42,2 et 39,0 5421 13.3
, 26 JUNE 13,575 6.0 5921 8.3
27 JUNE 2T2 T 12.5 54.0 16.9
“ 11" AUGUST 31.3 31.0 - . 53.3 11.2 '
12 AUGUST 32,2 ° . 23.0 58.6 . 12.6 ¢ ]
14 AUGUST 45.0 . '~ 25.0° 66.8 "15.7 .
18 AUGUST , 32.7 28.0 69.5 * 12.5
\ 19 AUGUST ™ 34.9 14.0 %.o ©13.4
i 20 AUGUST ., 10.2 -10.0° . < 76.4 12.3
‘ 23 AUGUST® st =X 225 62,3 9.0
24 AUGUST -26.0 14.0 64.0 13.4 "
26 AUGUST 12.4 7.0 = 76.4 2.3 * /f
f' 15 AUGUST 50.3 19.0 62.8. . 8.7
16 AUGUST 50.4 13.0 p3nG 10.2
17 AUG®ST 39.0 ~ +5.0 60.5 % 13.3 .
* 8 AUGUST 16.4 21.0; 63.3 14.2 i
10 AUGUST $21.0 14.5 "67.0° . 15.8 "
. 27 AUGUST 16.2- 11.0- *51.1 18.5 .
28 AUGUST 37.1 15.0° 57.4 - 8.3
30 AUGUST 31.6 17.0 6225 4.5
L 4 ' ] -
», . i "
Table 30a DATA FROM GUELPH, ONTARIO 1972, - 1 VALUE IN GT .
A - ’ ¢ . -+ P Ee » Y
° }l, d , .4;;

Y4
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T
. NID e
DATE INTAKE! MINS PECKS/ STEPS/ GREEN,
: FEED . MIN ‘ « MIN GRASS
. S - |
5 JULY 13.2 7.1, 5617 . 30.6 14
5 JULY 27.9 13,8 6142 - 20.8 14
6 JULY 15.6 15.0 84.0 { 36.5 95
6 JULY .8 14.4 15.9 79.1 34,2 95 e
. 7 JuLy ©13.5 18.0  ~¥®NB T 3104 105 -
7 JULY 15.9 ..o 605 - 6506 33.8 105
8 JULY., .~ =57.37 -7 15.3 60.6 27.5 & 142
o ~&JULY ¢ 3610 11.7 56.0 22.2. « 142
"9 JULY 33.9 14.%4 97.9 27.3. 65
& JULY 22,8 19.5 80.9, 26,9 104
10 JULY o 31.2 12.3 30.8 2016 , - 67
'10 JULY ° 25.5 ~l4.4 47.7 9.7 67
11 JULY 24,9 - 15.0 53.9 15.7 81
11 JULY 23.1 18.8 "68.1 14.7 81 .
13 JULY 35.7 18.4 86.8 21.4 64
13 JuLy - B32.4 #7700 21.3 85.2 ~14.5 64
15 JULY . 30.0° 15.9 74.3 14,8 76
15 JULY 23.7 13.8 73.3 T 16.5 76
17, JULY 27.3 -13.8 60.5 6.3 108
17 JULY 27.9 17.4 86.2 19.9 108"
18 JULY - - 40.5 16.2 76.4 20.3 . . 60.
18 JuLy .~ ° 27.0 15.9. ' 77.1 16:4 60
19, JULY ©21.9 11.2 58.3 15.5 -'97
- 719 JULY 23.1 12.9 63.2 17.8 97
+ 21 JUBY 10.2 13.8 78.9 12.5 84
21 JuLy > 57.3 15.9 77.0 + - 9.7 84
24 JULY , 17.4 11.1- 54.7 12.6 ' 82
24 JULY 29.8 12.3 46.9 8.9 82
25 JuLY 21.9 15.6 1734 17.3 104
25 JULY ‘ 30.0 ¢ 15.3 63.6 15.4 “104
26 JULY 27.6 13.8 . 73.8 20.6 86
26 JULY 33.6 11.7 82.7 .. v 149 86
27 JULY 27.0 12.6 95.2 14.9 108
.27 JuLy ~19.8 . 8.4 78.9° 15.4 108
30 JULY 28.5 12.6 80.2- 16.8 130
30 JULY 19.8 11.8 80.6 11.9 130
3 AUGUST 3.9 2.1 © 46.0 30.0 10
11 AUGUST * 12.6 8.1 . - 99.7 17.4 25 —
11 AUGUST ~14.1 0.2 r93.6 - 21.3 5
11 AUGUST 34.2 ' 168 - 115.3 7 "16.0 75 .
" g . ', @ v | - '
" * l. . » ,
Table 3]9 _DATA FROM McCONNELL RIVER, N.W.T. 1973. 1 VAPWE IN G .
: . P % COVER '

L4

- 1:6_5”
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| EFFECT OF VARIA:I’IO§S IN FEEDING BEHAVIOUR 'ON'THE ESTIMATED

S

" APPENDIX 8b -

P P A Y

2

INTAKE OF BLUE GEESE AND GOSLINGS - NATURAL LOG. ¢DATA)

G,

L

DATE INTAKE MINS PECKS/ STEPS/

‘- - FEED IN MIN

4 JuLY 2.78 3,02 4.07 3.01

8 JULY 3.82 ~ 3.97 4.15 3.32

¢ 18 JUNE 3.70 ©2.86- © 3.93 2.73

19 JUNE’ 2.86 [ 2.01 3.90 2.59

14 JUNE - . 3.27 : '1.39 3.80 ” 1,16

28 JUNE 2.89 ;- 2.83° 3.82° .2.98

. 2 JULY 3.48 3.50 5.04 3.34

25 JUNE 3.74 3.66 3.99 - 2,59

26 JUNE 2.60 1.79 4.08 . 2,12
27 JUNE ' 3.30 2.53 . 3.99 r 2.83,

11 AUGYS S Y 3.43 -53.80 - 2.73

A2 AUG& <P 347 S 3.14 0 .07 " 2.53

14 AUGUST 3.81 L &322 " 4:20 2.67

18 AUGUST 3.49 - 3.33 4.09 L 2.43

19 AUGUST 3.55 , . 2.64 4.13- - T 2.50

20 AUGUST 2.32 ©..2.30 4,22 7, 1.95

23 AUGUST 3,72 3.11 4.07 2.20

. 24 AUGUST 3.26 2.64 4509 ‘2.75

) 26 AUGUST To2.52, . 1.95 4.42 2,76
o 15 AUGUST . 3.92 2.964 . 4709 T2.14
16 AUGUST ° »  3.92 2.56 4.13 2.61 .

17 "AUGUST 3.66 1.61 4.03 2.76

, "8 AUGUST - " 2280 '3.04 4.15 2.65
E 10 AUGUST 3.04 2.67 4,06 2,67
; 27 AUGUST 2,79 o 2.40 .3.90 . 3.00
- 28 APGUST . 3,61 2,71 4.02 - N 2,08
30 AUGUST S 3.5 2.83 4.15 2769

¢ ’ ' ) ’ ¢ N .

» !

‘

Taple 3la. DATA FROM GUELPH, ONTARIO 1972,

*

2




: - 5 . 168
) \
DATE INTAKE MINS PECKS/ STEPS/ GREEN
' FEED MIN | ~ MIN © GRASS
oo -5 JULY 2.58 2.84 4,04 3.42 2.64
. 3.33 2.62 4.11 3.03 2.64 .
NN - 6 JULY 2.75 2.71 4.43 " 3.60 4.55
. 2.67 . 2.77 4.37 3.53 4.55
7 JULY - 2.60 . 2.89 4.14 3.45 4.65 ~
, A . «2.77 2.80 4,18 3.52 4.65
) -8 JULY 4.05 . 2,73 4.10 3.31 = 4.96
3.58 2.46 4.03 3.10 4.96
9 JULY 3.52 2,67 4.58 3.31 4,17 -
3.13 ¢ 2,97 4.39 3.29 4164
10 JULY 3.44 2.51 - 3.43 3.03 . 4.20
. - 3.24 2.67 3.86 2.27 -~ 4,20
: 11 JunY 3.21 2,71 3.99 2.75 4.39
. 3.14 2.93 4,22 2.69 4,39
" 13" JULY 3.58 2.91 4,46 3.06 4.16
: 3.48 3.06 4,43 . 2.67 416 .
15 JULY 3.40 T 2,77 4.31 2.69 © 4.33
) . 3.17 2,62 4.29 2.80 4,33
» 17 JULY 3.31 7 2.62 4.10. 1.84 4,68
3.33 2.86 4.46 2.99 4.68
18 JULY 3.70 2.79 4.34 3.01 4.09 ’
3.30 2.%7 4,35 . 2.80 4,09
19 JULY 3.09 ., * 242 4.07 2.74 4,57
3.14 2.56 4.16 2.88° '4.57
» 21 JULY 2,32 2.62 4,37 2,53 4,43
. 4.05 2.77 4.34 " 2.27 4,43
24 JULY .  2.86 2.41 4.00 2.53 © 4,61
3.39 - 2,51 3.85 2.19 4,41
25 JuLY . 3.09 2.75 4.30 2.85" - 4,64
3.40 2.73° 4.15 2.73 4,64
26 JULY 3.32. 2.62 C 4,30 3.03 4,45
: 3.51 2.46 4.42 2.70 « 4,45
. 27 JULY 3.30- 2,53 ©4.96 . 2.70 4,68 ° -,
) 2.99 2713 4,37 . 2,73 4.68
30 JULY . . 3.35 _2.% 4.38 . 2.82 4,87
: ‘ 2.99 2.6 4.39 2.48 4.87,
3 AUGUST 1.36 0.74 . .3.83 3.40 2.30
11 AUGUST 2.53 2.09 4.60 2.86 3.22
, A . 2.65 - 2.32 ~  4.54 3.06 , 3.22
- \\ . 3.53 2.82 4.75 - 2,77 4.32

2

A
K - t

o

Table 31b \ DATA FROM McCONNELL RIVER, N.W.T. 197‘3., .
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.DO 26 1A = 1,3

{ . . \ R

~

APPENDIX 10 - - 5

FORTRAN. IV PROGRAMME TO DETERMINE OPTIMAL fROTEIN
. ) v o

ISTAKE FOR GRAZING BLUL GEESZ

.
PROGFAMIE TO CALCULATIL PrOTEIN INTAKE «PET LINUTZ
OF FEEDING FOR GRAZING ELUE GEESE . .
IV 1S MATRIX OF VEGETATION FREQUENCIES, B= FECOFPDS
BEHAVIOUFR VALUES ~ ; :
DIMENSIQL IV(108,35), BE(S5,25C), TOTALC3)

' 11JPUT DATA MATEIXN

DATACIV(1, I)aI—la35)/0:0:2;@)@;@:9:3:C:~;loC;C;
2;132;1:2 3;1;@;0)1:2:IJIJGJG:zaGJG;l:GJIJG/

ETC, e

)

DATACIVC10,17,1=1,35)/C20,050,02220,8+2,0,0,C,85

G;G:ZJBJGJ@JI;ZJEJE;C:G CJBJ@;GJEJGJE:ZJE;@/
TYPE HEADINGS .
TYPE 11 , . - . ®
SET VALUZ OF PFROTEIN INTERCZPT
DO 96 J@2 = @,1€,°%

/
&

.

SET SLOPZ OF TIME LINE . : L

DO 12€ J1 = 1,5.1 ~ - ‘

SET SLOPE OF PECK LINE : , : ‘
DO 101 J2 = 1,8,V : :
CALCULATE ,TIME INTERCEPT - = ° -
Ll = J1*JC L £
CALCULATE BECK INTERGEPT?, ‘ P
B2 = J2%J0 L ‘
IND ¢ - "y
POT Ce ' . ¢

ZEPRO. SUMLIATION MATRIX

BN

. TOTALCIA) = B.

CONTINUE '

SUM OVER ALL PROTEIN VALUES

DO 182 K1 = 1,35

P =Kl +« 5

sum OVER ALL STANDING CFOP. VALUES °

‘DO 182 K2 = 1,18

IF CIVCKZ,K1).EQ.8) GO TO I@2 = -

v # 1S5%(K2) , :

CALCULATaqTfo SPENT FEEDING - |
J1*P - Bl - N e

xr (T.LEeZe) GO T0 1c2 o -

"1F ®r.GT.1CC.)-T = 16E.

.

170




.\ £
-»
a .
- - : ‘ :
. " g ' L -
i 7 . . \
c CALCULATE TOTAL T;Ne SPENT FEEDILC
. . TOTALC!> = TOTALC1) + T -
C = . CALLJLATL NUJBEFR or PECKS ‘ '
. Bag= J2¥P - EC -
I%j(Pw.LE €.> GO TO. 1@ : , . 3
I (PN.GT.11C.) Piij= 1IX. L
IND = IND + | ‘ ©
TIZC1, 10y = T ) b . .
Lo EZ(2,11:D) = Pl . i
C: i CALCULATE TDTAL UUMEEP OF PECKS "
{ 'TOTAL(2) = TOTALC25 + P S :
c ' CALCULATE INTANKE PEF PECH ' - «
7 EZ(3, 1HDY = @.C17A" : R , i
C RECOT.D PPOT”I” CONTZLT OF VEG s -
. B (4510 # 7 L s c- Tt .
c* . RECORD EQUEIC‘ i - .

, EZ(5, 1 = 1vcxc,¥1>' Y ‘ :
-les cvaINU" - ‘ N . ,/7
Tt C~LCULATE 1n1hie AnD PROTEIF INTAKE @ - T
DO 163, L1 -= 15 1IND TR ‘

K _FAY =- 1800+*BECZ,L1)/TOTALC2> . -
" . IF (PAT.LT.l.) GO TO '1€3 ‘ '
ALGIE = ALOGIG(RAT) L B R
_GULP = (BECI5LID/TOTALC1))*ALGIE*12. . -
- GULP# GULP*BE(S;L&)*B&(S.LI) : -
"PGULP = GULP*BE(&;L]) o : ,
v TOT = TOT.+ GULP SRR .
) 'POT =" POT_+:PGULE’ C- )
DO 184 LY = 1,4 . 4 . . a .
124  ° BECL2,L1) =:0. L - ..
103 GONTINUE = . . @ - e : . -
IF (POT.EQ.Es> GO TO lBR - : .
» PIT = POT/TOT T . S
121 TYPE 18, Jl.Jz,TOT,POT,pIT ' .
108 TYRE 12. . : - ‘o "
N -1-5 TYPE 12 - s L d " :
197 . FORMAT .(2X, 216,3F11.2) = . o . -
117 . FORMAT (////3%,° TIMZ PECK , INTAKE T -
1 TOTAL, PRO 2 PRO'/) T
12 FORMAT €2X%»/) ¢ .
STOP , v : :
END .. 1 .
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APPENDIX 11 . J
\*q . A - . - . - e« ' N
: JOINT FREGOUENCY DISTRIBUTIONS OF GREEN GRASS. STAND-

ING CROP AND GRASS PROTEIN CONTENT FOR'THE McCONNELL . ///

-

. A :
RIVER 1973 AND:GUELPH, ONTARIO 1972.

-
Ly

. ’ 4
. ) STANDING CROP ) !
0 5+ 10 .15 26 25 30 35 40 45 50 55

PROTEIN \
' . . K o)
) ¢ '
R 8 o o 1 0 ©0°.0 O O 0 0 ©0 0 i
. 9 9 0. 0 0 0 0 0 .1 o 0 o0 0 1
> 10 0,.0 ©0 0 0 O 1 o 0 0 _ 0 0 1
.11 0 - 1 0 .1 3 1 1 0o o 0 0 0 . 7
: 12 0o 0 1 S (N | 0. 1 0 0 0 0 &4
. 13 1 1 2 1 .0 © 1 0 1 1 0 0 8 «
. 14 "1 1 3 0 1 1 00 1 o0 o° 0 0 3 ‘
15 1 0 -1 0 2 0 1 0 "1 0 -0 17 )
N - 16 2 -1 2 1 o o0 o ©O0O ©o0 41 o0 o0 -7
17 9 0 2 o0 0 O © ©o0 o0 0 0 1 13
18 . 0 o- 1 0 1 0 - -0 0 0 0 0 0 2.
19 0 1 0 0 0 0 0 0 0 0 -0 o 1 .
20 o ‘1 1 6o 0 O ©0 O0.0- @ 0 0 2
21, 2-°0 0 0 0 0 -0. 0 S0 0O 0 0 :2,
22 1 © 1 -0 0 o o0 ©0o ©0.+.+0 O O 2
23 T 0 0 0°.0 L,0-.0- 0-70 0 0 0 1
' 9 6 15 4 7 3 4 3 2 2 0 2
Table 32. JOINT FREQUENCY DISTRIBUTION FOR STANDING CROP OF GREEN GRAss:‘“
(g.m™?) AND PERCENT -PROTEIN IN THAT GRASS FOR THE McCONNELL RIVER 1973.
r ‘ " > . . -
oy : MEAN PROTEIN CONTENT = 13.2%
. < )
. ‘ . ‘
- - e Z .
| . A ' : \
» S 4 : .
R
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MEAN PROTEIN CONTENT
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JOINT FREQUENCY DISTRIBUTION FOR STANDING CROP OF GREEN GRASS

~

Table 33.

(g.m_z) AND PERCENT PROTEIN IN THAT GRASS FOR GUELPH, ONT. IN 1972,

-




APPENDIX 12 - .
T . ' ] ‘ ) / '.& 4
.  AFFECT-OF BERTILIZER TREATMENTS ON THE PERCENTAGE CRUDE PROTEIN
, " CONTENT OF GREEN GRASS AT GUELPH, ONT. 1972.° )
) . L4 A%
) s o
- : :‘ "’ )
' SQUARE . : N
, TREATMENT SIZE UNFERTILIZED FERTILIZED pa
) b
Y ) .
' Sm T68 K 0.79 (12) 30.9 + 1.61 (12) 0.001
3 ' NHNo,  2.5m . 28.4 % 0.90 (6) '32.9 + 0.86 (18) 0.01 °
' 1.25m .24.3 + 0.38.(24).  33.4°+ 0.30 (12)  0.00%
] ]
Sm 18.9 + 0.30 (24)  20.1 + 0.37 (24) 0.05°
CaCly | ’ . . , ‘ )
2.5m - 27.8 + 0.77 (18)  26.3 + 1.02 (6) n.s.
. ' - /\ " . —»‘

.~ a+ PROBABILITY (BY ONE-WAY ANALYSIS OF VARIANCE) OF DIFFERENCE BEING
DUE TO CHANCE. -
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