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CHAPTER I 

I NTRODUCTION 

1.1 AIMS OF THE STUDY 

During the pas t ten years increas ing attention has 

b een drawn to damage caused to soft fruits by the 

European Goldfinch , Carduelis carduelis Linnaeus,17 58 , 

• (Dawson 1967 , Dawson and Bull 1970, Long 1 970 ). Th e 

present study was undertaken in a n endeavour to find out 

mo re about the food habits of thi s bird in the district 

wh ere many of the reports of this damage originated . 

The aims of t h i s study were to examine 1) the 

f eedi ng ecolo gy of the adult Goldfinch ; 2) t he d i et of 

t he ne s tlings ; 3 ) the extent of crop damage caused by the 

Goldfinch . Because investigation of ne stl i ng di e t 

involved numerous visits to n es t s , aspects of breeding 

biology were invest i gated. Al s o large numbers of go ld­

finches were measured during the study and it seemed 

appropr i ate to compare data with r ecent work investi­

g a ting th e subspec i fi c statu s of the Goldf inch in New 

Zealand ( Ni ethammer,1971). 

A number of small e r points we r e of int erest. Newton 

(1967a) states that in all the carduelines which feed 

animal and vegetable matt er to their young, the 

proportion of invertebrates giv en declines with 

increasing age of the young. After about the tenth day 

the young often receive s e eds only. This was examined . 

•Nomenclature for New Zealand birds follows that laid 
down in the Annotated Checklist of the Birds of New 
Zealand (Kinsky , 1970) . Other bird species are as pre­
scribed in the Handb ook of British Birds (Witherby et 
ai, 19~3) or in the specific reference works quoted~-

1 • 



It became apparent during the 1969-1 970 breeding 

s·eason that because of differences in surroundi ng 

vegetation certa in breeding areas bad l arger amounts of 

animal protein avai l able to the young . Two breeding 

blocks were chosen, one being surrounded by a p l ent i fu l 

supply of animal protein and the other, by comparison , 

with v ery littl e . An inves tigation was carri ed out t o 

see firstly; whether there was any s i gnif i cant difference 

in the percentage of animal protein f ed to the nestlings 

in the two blocks and if so did t his difference affect 

growth rates ; secondly , if there was a significant 

difference in growth rates of nestlings from diff erent 

brood sizes ; and thirdly , i f there was any significant 

difference in the d i et and growth rates of broods reared 

at different times of the breeding season . 

1. 2 THE HISTORY OF THE GOLDFINCH IN NEW ZEALAND 

Thomson (1 922 ) records that the Goldfinch was first 

introduced into New Zealand by the Nelson Acclimatization 

Society when ten were first imported to Nelson and 

liberated in 1862 . The origin of this stock is unknown 

but presumably t he birds came from Great Britain and 

would therefore belong to the British race Carduelis 

c arduelis britannica . However , doubt was cast on this 

conclusion by Moncreiff (19 31) who suggested that since 

the Germans were in the forefront of bird exporters at 

the time , the birds introduced into New Zealand were more 

likely to belong to the continental race C.c.carduelis. 

In a recent article by Niethammer (1971) be uses 

wing and tail measurements to prove that the New Zealand 

Goldfinch stems from British stock. However birds 

introduced to n ew areas may undergo morphological changes 
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which subsequently distinguish them from their ancestral 

race. This is so for the North American House Sparrow, 

Pass e r domesticus (Johnston and Selander ,1 964) . In an 

att empt to verify the origin of the Goldfinch, and to 

invest i gate any subsequ ent morpholo gical change, bill 

and wing measurements were recorded. 

During the 20 years following 1862, the sp e cies was 

liberated in several other places and in the last 100 

years it seems to have adapted well to the New Zealand 

conditions . Oliver (1955) lists it as being found 

throu5hout the North and South Islands, Throe Kings, 

Mokohinau, Littl8 Barri er, Kapiti, Stewart and Antipodes 

Isla nds and Kinsky (1970 ), in ' The Annotated Checklist 

of the Birds of New Zealand ', mentions its self­

introduction to some of the outlying islands , i nc luding 

Chathams , Ke r made cs , Snares and Campbel l Islands. The 

bird distribution mapping scheme carried out by the 

Ornithological Soc i ety of New Zealand ( Bull,1 970 ) 

indicates that the Goldfinch may be more numerous in the 

northern areas but this is yet to be confirmed. 

The Greenfinch Carduelis chloris and the Redpoll 

Acanthis flammea are the closest relatives to the 

Goldfinch in New Zealand and with the Chaffinch 

Fringilla coelebs, inhabit similar areas to the Goldfinch . 

Differences in size and shape of . bills with associated 

differences in food preferences, enables all four 

species to coexist. 

1.3 STUDY AREA 

The study area comprised approximately 417 hectares, 

about one-third of which was orchards and the remainder 

3. 
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market gardens, sheep and cattle pasture and housing 

blocks (Fig .1 ). The area lay on the north-east boundary 

of the town of Havelock North . 

Two orchards were cho sen as s tudy areas during the 

breeding season ; Block A, which was the Department of 

Scientific and Industri a l Research orchard, approximately 

10 .5 hectares in area and bordered on its western side by 

a l arge number of deciduous trees growing on the banks of 

the Karamu stream. Block B compris e d 15 h ectares 6f 

fruit trees and was bordered by other orchards and open 

pasture land. Both orchards were within the main study 

area (s ee Fig .1 ) . As already stated , because of 

differences in surrounding vege tation it became apparent 

during the 1969-1970 breeding season that the f ood supply 

t o the nestlings in these two orchards would b e different 

in the amount of animal material a vailable t o them and 

thi s i s why these two orchards were chosen . 

Many of the go ldfinches in the study area utilised a 

long plantation of trees ( Eucalyptus sp . ) for r oosting at 

night ( Fi g . 2) . Thi s was s ituated in a fairly central 

po s ition in the main study area . Weed patche s were 

p~evalent, mostly associated with orchards and market 

gardens . 

5. 



FIGURE 2 . Tre es used f or roostins at night . 
(central roost) 





CHAPTER II 

FEEDING ECOLOGY 

A. FEEDING BEHAVIOUR 

2.1 METHODS AND RESULTS 

i) Food Finding 

The Goldfinch primarily eats seeds most of which 

are from weed sp ec i es . Consequently most of the areas 

the birds visited were u sual l y weed patches , e ither on 

the floo r of the orchard (Fig . 3) or in l arge open 

uncul tivated areas (Fig.4). 

Seldom were goldfinches found f eeding a lone . In 

the winter months they fed toge ther in large flocks and 

during the breeding season they were u sually observ ed 

f eeding i n pairs or small groups . Most food in the 

winter months is found by a process known as ' local 

enhancement ', defined by Thorpe (1956 ) as an 11 appareEt 

imitation r esulting from direct i ng an animals at t ent ion 

to a particular part of the environment" . Kear (1 962 ) 

showed how lo cal enhancement i s important in food. finding 

in greenfinches . It involve s pointing ou t the pla ce to 

act but not what to do. Frequently goldfinches were 

seen to fly over a weed patch but only s e ttled to feed 

when other conspecifics were present. However this was 

not universal. Many foods do appear to be recognised as 

a food source without the presence of other birds 

feeding on them. This was especially so during the 

breeding season when pairs or even ·single goldfinches 

would visit a food source without a social stimulus 

being present. 

7-



FIGURE 3. 

FIGURE 4- . 

F l ock of goldfi nches disturbed 
while feeding on an orchard floor . 

F l ock of goldfi nches feedi ng at 
a l arge uncul t ivated weed patch . 
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ii) Feeding Positions 

The feeding postures of the Goldfinch have been 

adequately described by both Newton (1967a) and Kear 

(1 962). Newton (1967a) records tha t greater than 99 

percent of feeding time for the wild Goldfinch is spent 

clinging or perching on v egetation off the ground . This 

certainly was not the c ase at Havelock North \th e re a high 

percentage of the feeding time in the winter was on Poa 

• 
annua, a low growing winter grass. No estimates of 

actual time spent in the different feeding positions 

were mad e but incidental observations were made . 

Fe eding positions vary according to the food s ourc e . 

A goo d example o f this is when birds f ed on Amaranthus 

retrofl exus (Red root) . From late summer up to mid­

winter most of the A.retroflexus seed i s retained on the 

seed heads and t~e goldfinch feed s from any clingi ng 

position on the plant . However , as the winter continues 

~ost of the seeds f a ll to the ground and there was a 

corresponding move from stem to ground feeding. The 

Goldfinch appears to favour feeding from the clinging 

position (Fig . 5), but food preferences or food shortage 

do supersede this t endency . 

iii) Flocking 

For cardueline finches feeding is usually a social 

phenomenon. In May 1969 when the study was commenced, 

·Nomenclature for weeds found at Havelock North follows 
that laid down in the 'S tandard Common Names for Weeds in 
New Z~aland ' (New Zealand Weed and Pest Control S~ciety , 
1969). Other weed species are as prescribed in the book 
'Weeds of New Zealand and h ow to eradicate them' 
( Hilgendorf ,1 967) or in the specific reference works 
q~otad. 

9. 



FIGURE 5. Goldfinches feeding from 
clinging positions . 
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flocking was well established and continued until the 

commencement of the breeding season in mid-October . 

Bird counts for the whole study area during the winter 

months reveal ed two main flocks of go l dfinches separ ated 

by approximately 1.5 miles . Two other smal ler flocks 

were also present. The largest of the fl ocks contained 

approximately 600 birds at its p eak period just before 

roo s ting and the sec ond l argest flock r eached a maximum 

of 300 birds. The t wo smal l er f locks contained 

approximately 40 birds each . Considerable interchange 

took place between these flocks, disturbed birds 

fr equent l y flyi ng from one flock to another . F lock 

sizes_ at Hav elock North were similar ~th other 

obs ervations of winter flock sizes throughout New 

Zealand , apart from some areas in the north of the 

North I sland . Ob servational not es in Notornis (1963) 

r ecord a flock s i ze of 1 5 ,000 go l dfincbes in a 

concentrated area betwe en Warkworth and the Kaipara 

flat s and another flock of over 3000 fe edin g on four 

hectares of A. retroflexus at Clevedon . However , t he 

record of 15,000 goldfinches in one flock appears most 

unusual especially if one considers the observation was 

made at the end of Octob er when mo s t ~nter flocks have 

broken up and breeding has commenced. 

The presence of only two main flocks within the 

study area appeared to be the direct result of the 

available food supply. There was only two large weed 

patches present throughout the winter and each supported 

a large flock. As food became .scarce in these two areas 

towards the end of winter, the flocks became much smaller 

11. 



and more numerous. Th is breakdown ·of flock s coincided 

with t he onse t of sexual display and the formati.on of 

breedi ng pairs. 

During the non-breeding period a daily pattern of 

b ehaviour was obs erv ed . From sunrise until 09 . 00 hours 

the flock size increased in the two main feeding a r eas ~ 

After the b i rds had finished fe eding they flew to a 

n earby tree or fence line where they preBned and then 

either rejoined the main feeding flock or flew to 

another feeding area . Between 09.00 hours and '1 4 .00 

hour s the numb ers in the f lo ck decreased and the f lock 

lo s t much of its compactness , i. e . the flock became 

much easier to d i sturb and during this time birds would 

more readily fly to another feeding area . From '1~-. 00 

hours until an hour before dusk , the size of the f lock 

started to build up again and displayed its characteri s ­

tic feeding intensity . In the final hour t he f locks 

slowly broke up as small groups flew to roost . Sev eral 

roo sts were present i n the s tudy area ; the main one 

us ed i s shown in Figure 2 . 

iv) Changes in F l ock Behaviour 

A marked change takes place in the way in which 

members of the feeding flock move within the group, as 

the winter adv anc es . When seeds are plentiful, the 

flock is a looser unit and individuals hop about in an 

apparently random way . Later in the winter, however, 

not only do flocks become bigger, but the me thod of 

feeding within the fl ock changes . When a flock alights 

on the ground most of the birds face the same way and 

their movement is generally all in the same direction . 

'12. 



A bjrd s topping to pick up seeds i s by-passed by a 

numb er of others and after a few such stops finds 

itself in the wake of the f lo ck , where less food 

r emai ns ; it then f lies over the heads of t he birds ln 

fro nt and drops down in advance of the first rank 

where the chances of finding food are good . Each b i rd 

can hold this posit i on for a few moments only. Soon 

birds fly over , landing in front of it, while others 

hop by every time a stop for food is made. This typ e 

of fe eding behaviour produces a continual overhead flow 

of birds combined with a steady advancement of the 

flock as a whole . Ward (1965 ) describes this t ype of 

movement in Quelea gue l ea as "roller feeding ". It wa s 

particularl y evident when goldfinches were feeding on 

Poa annua and Stellaria media in August , September and 

early October , probably because both weeds were low 

growing and presented an evenly distributed food source . 

The normal feeding pattern was for the birds to f lit 

from seed head to seed head with a f luttering flight , or 

to cling to the plants in a tit-like fashion while they 

stripped the seeds (Fig.5). 

Middleton (1 965 ) describes the roll er fe eding move­

ments of the Goldfinch flock and a lso mentions the 

frequ ent threat displays, describ ed by Conder (191+8 ) , 

observ ed when individuals approached each other too 

closely or attempted to feed from the same source . When 

feeding, all members of the flock twittered softly and 

threat displays were often accompanied by harsh notes. 

Fights between individual birds were prevalent t owards 

the end of wint er when food in both the two main feedin~ 



areas was becoming scarcer. However, some of this 

aggression could a l so be due to an increase in sexual 

fighti ng at this time. 

By mid-October l arge flocks had all but va~i shed 

from the study area, indicating the end of the non­

breeding season . Some communal feeding did continue 

right through the breeding season as did communal 

roo sting . Available food sourc8s concentrated the 

feeding birds into small groups . These groups ,how ever , 

lacked the characteristics of the winter flocks as 

described previously. 

Small flocks of juveniles were observed as the 

breeding s eason continued. By the end of March 1970 

and 1971 most of the adults had rejoined the developing 

flock s and many of the juveniles had gained their adult 

plumage. The House Sparrow , Pas s er dom e sticus forms 

flocks several weeks ear l ier than the GoJ.dfinch and it 

was not uncommon towards the end of the breeding season 

to find large numbers of juvenile goldfinches inter­

spersed among them . However , as adult goldfinches 

finished breeding and formed flocks, the juveniles 

rejoined their conspecifics. 

2.2 DISCUSSION 

i) Flocking 

Observations on the feeding behaviour of the 

Goldfinch at Havelock North differ littl e from those 

in other countries. Conder (1948) and Bannerman (1953) 

record winter flocking throughout its European range 

and Elliot (1969 ) records the presence of small flocks 

in North A~erica during the early 1940 1 s. Middleton 
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(1 965 ) describes the gregarious nature of the Gold­

finch in Australia in considerable detail and makea 

some effort to evaluate the survival value of this 

behaviour. 

Briefly, the possible advantages in flocking, 

postulated by various authors over the last 100 years, 

fall into three main groups . 

Firstly , that presence in groups conveys a c ertain 

amount of protective value to the i ndividua ls involved 

within them. Lack (1954), Tinbergen (1962) and 

Moynihan (1 962) have all suggested that there is a 

greater protection for the i ndividual from predators 

when part of a l arge flock , but observations made in 

th e present study together with those of Beebe (1947) 

and MorJ.ey (1 953 ) would not support this. It was much 

easier to approach a bird i n a flock , than a solitary 

bird , but thi s was so only if that particular individual 

was on the periphery of the flock and the predator was 

approaching from the perimeter . For i ndividuals 

enclosed in the group , th en the risk o.f predation would 

be much less. 

Morse ~970) notes that 11 although fl ock ing birds 

possess a mechanism that aids in protection from attack, 

their combined constant group movement a lso calls 

attention to their presence , and they also produce a 

considerable amount -of sound ' en masse' 11
• 

Observations in my study area support this comment. It 

was not unc ommon to find several domestic cats ( Felis 

domesticus) concealed among the weeds in one of the two 
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mai n winter feeding ar eas . As t he disturbed flock 

resettled , the birds , on several occasions , resettled 

complet e ly surrounding the cat. On three of these 

occasions birds were killed. 

Allee (1938) s upported the idea that a certain 

amount of difficulty i s experienced by the predator in 

singling out an individua l because of the confusion 

eff ect the flock g ives as it mov es . This may we l l 

app l y to flocks of goldfinches. but it also seemed 

clear , because of th e number of cats present , that any 

movement by the flock t ended to attrac t larger numbers 

of preda tors , not so like ly attracted by an indivi dual ' s 

movement . 

It seems fair to assume tha t total alertness would 

ba greater in a flock than for an individual and 

consequent ly a great er awareness of predators would 

exi st . How ever , in the Goldfinch, b ecause of the 

continual twittering and movement of the flock any 

adv antages gained by incr eased alertness may have been 

l ost . Due to increased auditory and visual stimul i more 

predators were attracted and the i ndividua l s own a l ert­

.n ess appeared t o be l owered . Because of the regularity 

in the Goldfinch feed i ng pattern , predators , s uc h as the 

domestic c at , can become more skil fu l and qui te qui ckly 

l earn more effic i ent tec hniques o f c apture . 

An i mpr ov ement i n f ood gat h e r ing i s prob a b ly a more 

likely expla nation as r egards t he Goldfi n c h f lock i ng . 

Ward (1 965) re l ates floc king to a f ood s h or t age in 

wint er wh er e t h i s typ e of behavi our re sult s in a more 

efficient me thod of findi ng food and a more e f fici ent 
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means of utilizing a limited food supply. The syste­

matic manner in which the flock searches the ground may 

result in the available food being us ed more economically. 

However, there was no apparent food shortage at Havelock 

North when flocking commenced but nevertheless these 

advantages could still apply . Lack (1966 ) suggests that 

this behaviour type is likely to have ev olved f_or times 

of food shortage ev en if these only occur every ten years 

and therefore the abundant food during the two years of 

this study would not detract from the theory. It is 

widely known that a birds metabolism increases in winter 

(W elty,1 964). Energy consumption is greater and there is 

an increase in efficiency of the food us ed . Kend e igh 

(1949) and Davis (1955) showed that in captive English 

sparrows energy requirements and gross energy intake 

increased steepJ.y as the temp er a ture decreased . Kear 

(1962 ) showed that for the chaffinch consumpti on and 

average weight rose as the t emp erature dropped . Korodi 

& Nagy ( 1965-1 966 ) have shown that at 20°c Cardue l is 

carduelis requires 10.7% of its body weight daily as 

food. At o0 c both the food requirements and the 

efficiency of its use increased slightly . It is also 

well known that social facilitation usually affects the 

4~antity of food which the individual takes. The food 

consumption of social birds may be greater when they are 

in groups, either because anomalous conditions of 

isolation produce abnormal behaviour, or because enhance­

meµt of the food source occurs (Kear,1962). This type 

of advantage is probably more closely related to present 

day conditions for the Goldfinch in New Zealand. Social 
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exp er i enc e i s a l s o i mportant in governing food 

preferences ( Kear, 1962); t herefore , f locki ng shou ld 

increase both the quantity and quality o f f ood which 

the i ndividual takes . 

Lastly , Wynne - Edwards (1 962) c ons i ders t hat the 

primary function of both f l ocking and communal roos ting 

i s to bring the members o f the popul ation unit together 

s o, that whenever p r evailing condi t i ons demand it, t hey 

c an h old an ep i de i ctic demonstrat i on. In the c ase of 

flo cki ng , he suggests that , often the reason for s uc h 

contac t i s competition f o r a common resource s u ch as 

fo od . Through this contac t i ndivi dual s become aware o f 

t he p opul ation density or t he scarc i ty o f the r esource 

and their reproductive rate is increased o r lowered 

correspondingly or adjusted through emigrat i on. 

However Middleton ( 1965 ) doubted that f ood shortage 

seri ou s l y affects the Goldf i nch popul ati on in Australia 

and t h i s a l so appears to be so i n New Zeal and . The 

p resence of l arge quant i ties of A. retroflexus seed 

throughout most of t he wi nter do es away wi th any serious 

foo d s hortage whi ch mi ght resul t a t thi s time . Mi ddleton 

(196 5) sugges t s tha t floc k f eeding is more economical 

from an energy point of view. This me t hod conc entrates 

the popula tion in one area and ensures a systematic 

search by which much food is consumed with a minimum of 

effort. The individual need only locate the feeding 

flock in order to find a source of foo d and by this 

method (local enhanc ement) cons iderable time and energy 

is saved. 

Therefore, it appears that the primary function of 
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Golofinch flocking i s not protection, but is connected 

with the e f f icient exploitation of an unevenl y 

distributed f ood supply . The behavioural mechanism as 

already mentioned is that t ermed by Thorpe (1 956 ) 

"local enhancement 11
, whereby the chance finding of food 

by a group is of profit to others attracted to the place , 

the numbers that share the supply i ncreasing until i t is 

exhausted . Here in t h i s case pro f i t can be defined in 

terms of increases in quantity and quality of food eaten 

and decreases in time and energy spent in locat i ng t he 

food source . It is probably safest to conclud e that 

there is a subtle comb i nat i on of a ll factors ment i oned , 

but fe eding efficiency may be the most important . 

ii) Communa l Roosting 

Communal roosting can also be explained in terms 

of resource acquisition . It has been suggested that the 

habit serves to keep the members of the roosting 

c ommunity warm but this cannot account for communal 

roost i ng in th e tropics or i n t he Goldfinch which main­

tains an individual distance in the roost . 

Another sugges tion i s that increased awar eness of 

the approach of enemi es confers some protection to 

members of the group but, as Yapp (1 970 ) has recently 

emphasized , communal roost s can hardly be prot e ction 

from predators for many predators have learnt that the 

assembling birds are easy prey. 

Hamilton and Gilbert (1969) both consider that 

starling (Sturnus vulgaris) roosting behaviour can be 

explained by the fact that dispersing starling s behave 

to maximise the efficiency and rate of energy gain in 
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feeding. They consider that flocking actions probably 

make resource evaluation more efficient because the 

experience of members of a group will provide more 

reli ab l e information about the values of a resource 

field than an individuals pers ona l experience . Ward 

(1965) a l so put forward a similar explanation to explain 

roosting behaviour in the b l ack-faced Dioch (Quelea 

gue l ea ) and it seems quite probable that a similar 

explanation could apply to Goldfinch winter roosting . 

However, during the breeding season breeding males 

returned to their individual nest sites after sunrise , . 

taking no notice of directional flights of other birds. 

B. FOOD OF THE ADULT GOLDFINCH 

2.3 METHODS 

The Goldfinch is primarily granivorous ( a seed­

eater) . A preliminary investigation on several sho t 

birds i ndicated that digestion is insufficient in the 

crop and proventriculus to alt e r seed structure , but 

in the gizzard most seeds are broken down. It was , 

therefore , decided to confine the analysis to the 

contents of crop and proventriculus where a much more 

accurate assessment could be made of t he fo ods eaten . 

This decision is s upported by Swanson and Bartonek 

(1970 ) who clearly showed the bias associated with food 

analysis in gizzards of blue-winged teal (Anas discors. ~ 

Three months for the assessment of f ood of a 

species are open to the inve stigator. Firstly, 

repeated field observation can be carried out; secondly, 

an examination of the c r op and stomach contents; and 
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t h i rdly , a n analys i s of fae c a l remains . A co~binat ion 

of the f i rst t wo was used i n t his s tudy . Hartl ey (1 948 ) 

lists t hree methods which can be app l ied i n the assess ­

men t o f data from the stomach analysis ; namely , t he 

numerical , gravime t ric and v o l umetr i c. In thi s s tudy 

the numerical and volumetri c methods have been used . 

Observational Assessment 

A qualitative or f i eld observation assessment was 

c arried out between August 1969 and April 1970 . Threa 

ev enl y spaced observation periods were made each monbh . 

From September 1 969 thi s assessment was made on the sa~e 

day as shoot i ng a t the roos t. The study area was covered 

part l y o n foot and partly by car . The f ood and feeding 

areas of the goldfinches were not ed and Newton ' s (1967a) 

a r b i trary ru l e was adopted where one bird , one food= 

one rec ord . Wherever possi ble , plants used as a food 

s ource were taken back to the laboratory where they were 

i dentif i ed , pressed and mounted . Seeds on the p l ants 

were used t o construct a seed reference key to enab l e 

s eed i dentif i cat ion i n the stomach a na l ys i s . 

Stomach Ana lys i s 

Mo s t of the food eat en during the day p a ss ed 

straight through the c r op, but b efore going to roo s t 

at night the birds consumed l a r ge quantities of food 

which was stored in the crop. At the comme ncem ent of 

this study birds wer e sampled at all time s during the 

day and only roosting birds had appreciable amounts of 

food in their crops. S e ason and locality ma y also bias 

sampl e s take n (Ha rtley,1948) and so it was decided that 
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shooting at a central roost in the evening was the most 

suitable sampling method . Observations showed that gold­

finches c a me to this roost fro0 all over the stu dy area. 

In May 1969 and from September 1969 until the 

following April 1970, and November 1970 until April 1971, 

goldfinches were shot at the roost. Three sampl es were 

evenly spread over the month . Number nine orchard shot 

was used. During June, July and August 1969, birds were 

mistnetted. 

Shot and mistne tted birds were k ept in a fr ee zer 

until analysed. Bill l engths, body we i ghts and g onad 

measurements were recorded . Contents of the crop and 

proventriculus wer e assessed by volume . The aggregate 

volume method was u sed for calculating percentage 

composition (Martin,Ge nsch and Brown 1946) . The 

different seed and animal species were identifi e d and 

individual species volumes were estimated in t enths of 

the tot a l volume . The frequency occurrence of each 

food spec i es was noted. All seeds were identified by 

the Gramands Division of the Department of Scientific 

and Industrial Research (D.S.I.R.) at Palmerston North 

and several were rechecked at the Seed Testing Station 

of the Department of Agriculture, Palmerston North . All 

insect material was identified by Messrs .J.Esson and 

J.Dugdale of the Entomology Division of the D.S.I.R. 

2.4 RESULTS 

Tables 1 and 2 show the percentage frequency of 

occurrence and percentage compo sition by volume of the 

food in the birds examined in the stomach analysis . 

Results for the months of Novemb er to April contain data 
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TABLE 1 

Percentage frequency occurrence of foods in the Goldfinch diet, Havelock North. 
Stomach analysis. (Foods listed as far as possible in order of their appearance in the diet). 

No. of birds 
~---- Food 

Common name 

Chickweed 

Red root 

Winged thistle 

Fat hen 

Specific name 

Stellaria media 

Amaranthus retroflexus 

Carduus tenuiflorus 

Chenopodium album 

M J 
43 37 

J 
10 

4.7 8.1 20.0 

88.4 97.3 100.0 

23 .3 

32 .6 5.4 40 .0 

Puccinellia fasciculata 7.0 

Dandelion 

Scotch thistle (Spear 
thistle) 

Selfheal 

Hedge mustard 

Wild turnip 

Si Iver hai rgrass 

Groundsel 

Barnyard grass 

Ragwort 

Annual meadow-grass 

Nettle 

Storksbill 

Shepherd 's purse 

Mouse-eared chi ckweed 

Meadow foxta il 

Dovesfoot 

Pri ckl y sowthistle 

Cocksfoot 

Hawksbeard 

Vervain 

Taraxacum officinale 

Cirsium lanceolatum 

Prunella vu lgaris 

Sisymbrium officinale 

Brassica campestris 

Aira caryophyllea 

Seneci o vulgaris 

Ech inochloa crus-gal li 

Senecio jacobea 

Poa annua 

Urti ca urens 

Erodium cicutar iu m 

Capsella bursa -pastor is 

Cerastium glomeratum 

Alopecu ru s pratensis 

Geranium molle 

Sonchus asper 

Dacty lis glomerata 

Crepis capi llaris 

Verbena offi ci nal is 

Notodanthus sp . 

Polygonum sp . 

Unidentif ied seeds (3 types ) 

Strawberry 

Green mater ial 

Tortricids 

Leaf tiers (larvae) 

Chironomids 

Aphids 

Spiders 

Fragar ia sp. 

Fam. Tortricidae 

Tebenna bradleyi 

Fam. Ch ironomidae 

Fam . Aphid idae 

Order Araneae 

18.6 2 .7 

16.3 

2.3 

2 .3 

7 .0 

2.3 

2.3 

7 .0 

2.3 

11 .6 

2.3 

2.3 

2.3 

2.7 

2.7 

2 .7 

10 .0 

10.0 

A 
29 

51.7 

79.3 

3.4 

s 
29 

34.4 

27 .5 

6 .8 

0 
28 

32.1 

N 
25 

D 
20 

5.0 

17 .8 88.0 95 .0 

J 
32 

25.0 

56.3 

F 
32 

28.1 

6 .3 

M A 
22 35 

2.9 

81 .8 97 .1 

13.6 17.1 

3.5 4 .0 60 .0 12.5 15.6 13.6 11.4 

3.4 20.6 3.5 8 .0 

3.4 

51 .7 

6.9 

3.4 

89 .6 

24 .1 

10.3 

10.3 

6.8 

60 .7 

25.0 20.0 

71 .5 20.0 

17 .8 8.0 

67 .8 8.0 

10.7 

3. 5 4 .0 

8.0 

20 .0 

3.5 20.0 10.0 

3.5 

43.8 87 .5 59 .1 17 .1 

6 .3 

9.4 

3 .1 

6 .3 

9.4 

2.9 

9 .1 14.3 

4 .5 

5.7 

31.4 

11.4 

2.9 

12.5 27 .3 11.4 

3.4 10.7 4 .0 15.0 28 .1 37 .5 28 .6 

3.4 

3 .4 13.7 50.0 36.0 

4 .0 

5.0 

5 .0 

9 .1 

3.1 

Geometrids Phrissogonus laticostatus 3 .1 

2.9 

2.9 

17.1 

Leaf tiers (pupae) Tebenna bradleyi 

Tortricids Capua semiferana 

Noctuids Heliothis armigera 

Leaf bugs Order Hemiptera 

Unidentified animals (3 types) 4.7 

Roughage 

9.4 

3 .1 

3.1 

9 .1 2.9 

4 .5 14.3 

2.9 

8.6 

2.9 2.9 
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TABLE 2 

Percentage composition by volume of foods in the Goldfinch diet, Havelock North. 
Stomach analysis. (Food listed as far as possible in order of their appearance in the diet). 

+ food less than o.1 percent by volume 

M J J A s 0 N D J F M A 
No. of birds 

Food 
43 37 10 29 29 28 25 20 32 32 22 35 

Common name Specific name 

Ch ickweed Stellar ia media 0 .5 + 3.0 13.4 6 .8 2.6 0 .3 

Red root Amaranthus retroflexus 72.9 92.9 91 .0 63.4 4 .3 1.0 9 .1 13.5 63 .8 76.1 

Winged thistle Carduus tenuiflorus 15.4 0 .7 64.5 94.2 39 .8 0 .9 4 .6 2.4 

Fat hen Chenopodium album 4.0 6.0 4.0 + 0 .1 

Puccinel I ia fascicu la ta 1.0 

Dandelion Taraxacum officinale 2.7 0 .9 0 .1 0.4 0 .2 2.3 3 .3 0 .7 0 .3 

Scotch thistle (Spear 
thistle ) Cirs ium lanceolatum 1.1 + 27.9 76.1 18.7 1.3 

Selfheal Prunel la vulgaris + 

Hedge mustard Sisymbrium off icinale 0 .2 0 .1 + 

Wild turn ip Brassica campestris 0.7 

Silver hairgrass A ira caryophyl lea + 

Groundsel Senecio vulgaris + 0 .1 3.1 0 .1 

Barnyard grass Ech inochloa crus-gall i 0.4 1.0 + 8.1 2.8 3.8 

Ragwort Senecio jacobea + 

Annua l meadow-grass Poa annua 0 .1 1.0 9 .7 61 .6 26.9 

Nettle Urtica urens 11 .4 3 .1 2 .7 8 .8 2.0 

Storksbil l Erodium ci cutar ium 3.4 33.2 15.6 8 .1 

Shepherd 's purse Capse ll a bursa-pastor is 13. 1 6 .9 1.0 

Mouse-eared ch ickweed Cerastium glomeratum 3.2 15.9 0.4 

Meadow fo xtail Alopecuru s pratensis 1.0 

Dovesfoot Geran iu m mol le 0 .1 1.4 

Pr ick ly sow th istl e Son chus asper 0 .9 0 .1 

Cocksfoot Dact yl is glomerata 1.2 1.9 

Haw ksbeard Crepis cap il lar is 4.5 

Vervain Verbena off icinali s + 

Notodanthus sp . 2.3 

Pol y gon um Sp. + 

Un ident if ied seeds (3 types) 0 .7 0 .3 2 .9 1.5 0 .9 0 .5 3 .5 1.0 

Strawberry Fragaria sp . + 

Green mater ial 0 .3 1.4 2 .1 + 1.6 6 .0 5.2 4.4 2.1 

Tortric ids Fam. Tortr icidae + 0 .1 

Leaf t iers (larvae) Tebenna bradleyi + 0 .5 

Ch ironomids Fam. Ch ironomidae + 

Aphids Fam. Aphid idae 0 .3 1.2 4 .8 5.4 0 .6 0 .1 + 

Spiders Order Araneae + 0 .2 + 

Geometrids Phrissogonus laticostatus + 0.2 

Leaf t iers (pupae) Tebenna bradley i 0.4 0 .9 + 

Tortric ids Capua sem iferana 0.1 

Noctuids Heliothis armigera 0 .1 + 

Leaf bugs Order Hemiptera + 

Unidentified an imals (3 types) + + 

Roughage + + + 

Tota l foods examined (mis) 10.1 1.1 1.0 3.5 8.5 7.2 7.9 6.4 9 .2 8.4 9 .5 26.7 

Total percent veg. matter 99 .9 99 .9 100.0 99.7 98.7 95.1 94.6 99 .1 99 .8 99.5 98.5 99 .7 

Total percent an imal matter 0.3 1.3 4.8 5.4 0 .8 0 ,1 0 .5 1.5 0 .2 



from both the 1969-1970 a nd 1970-1 971 p eriods. There 

wa s _ no no ticeabl e d ifference i n t he foo d t yp es eat e n in 

the diffe r e nt years a n d b ecause samp l e numb ers we r e low 

in t h e 1969-1 970 samples , d a t a from both year s wer e 

pooled . 

The seasonal impo r t ance i n t he d i et of the v a rious 

seeds i s il lustrated in Figure 6 . Al toge t her 31 

diffe r ent seed t ypes were f ound and a ll but three were 

i denti f i ed . These t hree uni dentified s p ecies f ormed a n 

insigni f i cant port ion o f the di et and n ev er reache d 

more t han 3. 5 percent as an accumul a t ed to tal b y volume 

for any o ne month . 

Direc t observation o f the d i e t i n the fi eld d i d n o t 

r ecor d as wi de range o f f ood t ypes as the stomach 

anal ys i s ( Tab l e 3). However , as a compl ementary method 

to t he st omach anal ys i s , the ob servational f i e l d metho d 

do es seem worthwhi l e as it provides a check on the 

s tomach anal ys i s result s and a l so can p r ovide addi ti onal 

informat ion on any un commo n fo od sou r c e which may b e 

utili zed by on l y one or t wo birds during t he day . App l e 

of Pe ru (Nic a ndra physal oide s) a nd Catsear (Hypochaer i s 

radicata ) are t wo s uch foo d sources not found in the 

stomach analysis, but obs erved b e ing eaten by several 

birds in February and March 1970. 

The obs erva tional me thod failed to give any clear 

indication on animal food eaten but this can probably 

be explained by the fact that most of the insects taken 

were either grass or stern feeders . Storksbill (Erodiurn 

cicutariurn) was heavily infested with aphids during 

October and November and Table 1 indicates that at this 
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TABLE 3 

Percentage frequency of foods seen to be taken in the field by Goldfinches 
in the Havelock North study area. (Foods listed as far as possible 

in order of their appearance in the diet) . 

A s 0 N D J F M A 

No . of records * 1544 1528 864 227 44 256 678 616 710 

Food (Common name) 

Annual meadow-gras~ 57.4 86.1 53.8 

Chickweed 15.0 0.1 

Red root 16.9 4.5 8.2 10.6 48.2 43.5 

Fat hen 3.1 3.3 

Groundsel 1.0 3.7 0.1 

Nettle 6.6 6.6 9.1 1.8 

Mouse-eared chickweed 0.7 0.2 

Dandelion 2.8 7.3 1.6 4.7 

Storksbill 19.9 31.7 

Meadow foxtail 7.8 31.3 4.5 

Winged thistle 1.3 31 .7 70.0 

Shepherd's purse 0.3 

Prickly Sowthistle 1.8 9.1 10.9 1. 1 

Fog grass 1.3 6.8 1.6 

Cocksfoot 9.1 1.2 

Scotch thistle (Spear thi stle) 78.1 89.0 44 .8 48.5 

Apple of Peru (Nicandra physaloides) 0.4 2.0 

Cats-ear (Hypochaeris radicata) 2.3 

Aphids 0.1 0.4 

* One bird, one food = one record. [\) 
----.J 
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time the frequency occurrence of these two foods was 

highest. It seems reasonabl e to assume that both 

foods were being taken toge the r, but field observations 

did not confirm this. Tabl e 3 al s o indicates aphids in 

the d i et during October and November, but only in 

ins i gnificant amounts . These fi gures represent only 

one sighting, in each of the two months , of a Goldfinch 

eating aphids off Malva parviflora (Mallow). 

Newton (1967a ) suggested a difference in feeding 

habits between ma le and female goldfinches and this 

was investigated. Figure 7 compares differences in the 

diet of the two sexes . In May wh en Amaranthus 

retrofl exus and Carduus t enuiflorus (Winged Thistle ) 

were both available , males utilis ed Winged Thistle in 

much greater quantiti es than f ema l es (22.4 percent 

and 5 . 8 perc en t by volume respectively) . In June and 

July when no thistles were available the diff e rence 

in diet was negligible . November , February and March 

showed a similar pattern to May . 

Monthly mean body-weights of a ll goldfinches 

analysed are shown in Table 4 . Appendix I indicates 

the significant difference in body-weights o f male 

and females (p < 0.001). All birds were weighed 

before the crop and proventriculus contents were 

removed and as i ndicated in Figure 8, in most months~, 

roosting goldfinches on average contained between 0.2 

and 0.7 grams of f ood in these parts. If the a v erage 

weight of contents fo r each month is subtracted from 
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Comparisons between the average crop contents of male and 
female goldfinches at different times of the year 
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Month 

May 

June 

July 

Aug . 

Sept . 

Oct. 

Nov. 

Dec . 

Jan. 

Feb. 

March 

April 

TOTAL 

TABLE 4 

MONTHLY MEAN BODY- WEIGHTS OF ADULT GOLDFINCHES 
(grammes) 

No.of Mean S . D. No.of Mean S.D. 
Males Weight Females We i ght 

29 16. 34 0 . 92 21 15. 24 0. 68 

24 15.26 0. 67 27 14.43 0. 68 

5 16 .10 0.42 5 : 14.80 0.45 

16 15.73 1.00 1 3 14.22 1. 34 

13 1 5. 50 0. 89 13 14 .73 1 . 17 

15 1 5 .1 0 0 . 97 12 14 . 71 0 . 92 

13 1 5 . 48 1.20 10 15. 50 1. 63 

13 14.57 1. 25 5 15. 60 1. 52 

21 1 5. 45 0. 93 6 15 .1 8 O. 71 

11 16 .04 0.92 8 14.91 0.90 

7 16 . 76 0.42 7 15 .57 2 . 37 

19 1 6 . 54 0. 92 1 L~ 16 .08 0.3 5 

: 186 15.64 1. 57 141 14.89 1. 64 
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Figure 8 The average crop content weight of roosting goldfinches at 
Havelock North. 
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the mean monthly body- weight (Table 4) , a reasonab l e 

assessment can be made of t he change in body-weight 

throughout the year ( F i g .9). 

2.5 DISCUSSION 

i) Sample S i ze . 

Although small in some months , the s t omach 

analysis samples are considered adequate to show 

changes in food habits over a 12-month period . 

Korschgen (1 969 ) considers a sampl e s i ze l arge enough 

when n ew samp l es add no sibnif i cantly new information 

to that obtained from previous sampl es . The l arge 

number o f observational samples t aken in t his study 

p ermit the conclusion that the analysed sampling 

resul ts were reasonab ly close to what was actually 

b e ing eat en . Also, as already mentioned , the 1970-

1971 November to April samples clos e l y res emb l ed 

r esults from the previous year i n a ll but one of the 

months . In April 1970 onl y three birds were shot and 

result s showed , when compared with the observat ional 

data, that this samp l e was too small to be r epresen­

tative ( Campbell ,1 970) . However, in April 1971 , 

33 birds were shot and when b oth years' results were 

combined , tha data appeared to be closely r epresentative 

of the feeding habits evident at tha t time. 

ii) Seasonal Change s in Diet. 

The dietary pattern of the Goldfinch at Havelock 

North can be broadly described as follows. From March 
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until the end of Augu s t Ama r anthus r e troflexus i s 

predomina nt a nd t hen i s r epl a c ed b y Poa annua fo r a ll 

of Sept emb er. Dur ing Octob e r Poa annua and Erodium 

ci cutar i um form t he bulk of t he d i et, wh ile Carduu s 

t enu i f lorus predominates during November a nd December. 

Bo th C.t enui f lo rus and Cirs i um lanc eola tum (Scotch 

thistl e ) s hare dominance i n J anuary and then 

C.la nc e olatum domina t es during February . A.r e tro­

fl exus again b e comes a v a ilabl e in Ma r ch and so the 

annual di e t ary p a t tern b egins once more . Figur e 6 

illus tra t es thi s season a l v ariat i on and shows how the 

r emainde r of t he d i e t i s f il led up by a l a r ger number 

of f ood t yp e s u s ual l y fo u nd i n small e r quant iti es . 

iii) Animal Materi al . 

An i mal material d i d n o t form a l arge p ercen tage 

34. 

by volume o f the adul t Go ldf i nch di e t . Howev er, aphi ds 

did f orm approxi mately f i v8 percent by volume i n Oc tober 

and Nove mber. Tabl e 1 ind ica t es t hat 50 perc e nt of t he 

birds s a mp l ed in October contained a p hi ds a nd 36 p e rc ent 

did in November . Thi s increase during thi s time can 

possibly be expl a ined by a numb e r of f actors. Firstly , 

Middleton(1965 ) sugge sts that the incr eas e of aphids in 

the di et tha t he not ed at Monas h between September and 

January was probably related to nesting activity and more 

in particular, nestling diet. It i s widely known that the 

nestlings of most sp eci e s require a high protein diet 

(We lty,1 964) but this is unlikely to be the only reason 

f or the Havelock North sample . In both the 1969-1970 



and 1970-1 971 breeding season no n es tlings were present 

unti l the be g inning of November whi ch means that the 

i ncrease i n frequency and volume of aphids in the d i et 

appeared well before any nestling food was requ i red . It 

must a l so b e remembered that al l adul t b irds sampled i n 

October and November were shot at an evening roo s t and 

so food in the crop at this time was presumably f or the 

survival of the adult through the night and was i n no 

way connected t o nest l ing diet requirements . Also aphids 

were most abundant in Octob er a nd November and as a lready 

s t ated were associated with E.cicutarium which was an 

important plant food. The increase i n their availab i lity 

together with their assoc i ation with an i mportant food 

source seems to be a more likely reason f or the i r 

p ercentage increase in the diet at this time . 

It seems reasonable to assume that most of t he 

animal material was only taken when found in assoc i ation 

with a plant food source . For instanc e there was a 

definite assoc i ation of aphids with E. cicutarium and 

Dugdal e (pers . comm . ) reports that the host plant of 

Tebenna bradleyi (Order Lepidoptera) is usually thist l es 

and other hairy l eafed compositae . Th i s would account 

for its l argest contribution to the diet during 

February and March when Scotch thistle was abundant 

in the study area . This is not the case , however, 

when adults a re collecting the young nestling's food . 

Results in a later section clearly show that a 

different process is involved in the selection of 

food for the young than for the adult. The adult 

actively seeks animal material for the young nestling but 
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appears to eat animal f ood it self only when it is 

associa t ed with a seed food source . 

iv) Preferred foods. 

Certain foods did appear to be preferred by the Gold­

finch and several factors may be responsible f or 

i ndi cating a food of hi gh quality or pre,ference . The most 

obvious factors are high frequency and high volume of the 

food. For instance both factors together indicate the 

i mportance of A.retroflexus in the Goldfinch d i et . Winged 

thistle and Scotch thistle also fal l into this category . 

A high frequency value a lone may a l so indicat e a f ood 

of importanc e . Cerastium g lomeratum (Mous e - eared chi ck­

weed) for i nstance was found in 67 . 8 percent of all adult 

goldfinches durin~ October but b e cause of its small s i ze 

and relat ive scarcity form0d only 15 . 9 perc ent of the diet 

by volum e (Ta ble s 1 and 2) . For instance, C. glomeratum i s 

a much smal ler seed t han either E.c icutarium or P . annua ; 

the l atter two each forming a similar frequency i n the 

di e t but a much larger percentage by volume . Thi s can be 

explained by the fact that n ot only d i d E.cicutarium or 

P. annua have l arger seeds but they were much more abundant 

as a food supply . Taraxacum offic inal e (Dandelion) is 

another example of this. In December , 1 2 out of the 20 

birds sampled conta ined T.officina le and yet at the same 

time it comprised only 0.2 percent of the diet by volume . 

T.officinale was never abundant t hroughout the study area . 

The presence of Dandelion in the diet in all but three 

of 12 months is anotI'-er factor which indicates it is a 

highly preferred food. Apart from A.retrof l exus it was 

found present in more months tha n any other food type. 
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However, it is indeed quite po ss ible f or a seed to be 

present in a birds diet almost continuously throughout 

its seeding period and ye t s till not be r egarded as a 

preferred food of that bird . Chenopodium album (Fathen), 

for instance , was present in the die t from May until 

September and in May was found in 14 of the 43 birds 

s ampled . Ye t because it was so pre v a l Emt throughout the 

study area during this time it cannot be clas s ified with 

T.officina l c as a preferred food . T.officinal e was scarce 

in compari s on. 

The fourth factor which may indic a t e a food of high 

quality or preferenc e is when all avail ab le supplies of 

a fairly scarce seed type are fully utilis ed . Senec io 

vulgari s ( Groundsel) was found in only 6 of the 29 birds 

sampled in September and formed 3 .1 percent by volume of 

the die t (Tab l es .1 and 2) . Howev er, fie ld observations 

indicat ed t hat a ll availab l e suppli es were t aken 

immediately the~ tecame available . This would indicate 

that if l ar~er amounts o f S .vulgari s were present it 
. . . . 

would probably have formed a much l a~ger proportion of 

the di e t. This latter factor shows the importance of fi e ld 

observations in association with laboratory analyses. 

v) Sex differences in Diet. 

Sex differences in diet have been demonstrated in a 

number of birds, n amely; in the extinct New Zealand Huia 

Heteralocha acutirostris (Buller,1888) ; the Galapago s 

finch Certhidea olivacea (Lack,1945) ; the Boat-tailed 

Grackle Quiscalus quiscula (Mcilhenny,1937) ; the Sparrow­

Hawk Accipiter nisus (Tinbergen, 1946) ; captive zebra­

f i nches Tarniapygia sp. (Morris , 1955); the Black-faced 
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Dioch Quelea guelea (Ward,1 965 ); the Great Tit, Parus 

major (Hinde , 1952); and in the Redstart , Phoenicurus 

pho enicurus ( Buxton ,1 950) . 

At Oxford, Newton (1957a) found that beaks of male 

goldfinches averaged 1mm (9%) l arger than tho se of 

female s and this enab l ed males to reach Dips ~c u s 

fullonum (Tease l) seeds more easily . At Havelock North 

beaks of males averaged 0.8mm (7.4¼) larger than tho se 

o f femal es . Newton ob served that two captive femal e 

goldfinches sometimes fed on teasel h eads but before 

inserting their bills they first had to turn down the 

surrounding spikes and this meant that , on an average , 

they obtained only one seed to every four obtained by 

the larger-billed males . Teasel was not found at 

Havelock North but presumably if there was any noticeable 

difference in the feeding habits of male and f emale 

go ldfinches it would probab ly be mos t apparent in those 

months where thistle seeds formed a large percentage of 

the diet . Thistle seeds are t he only f ood source 

utilised which are found deeply h idden in a prickly seed 

head. To properly demonstrate sexual preferences in the 

diet, food sources , other than thistle seeds , must be 

readily available to provide an alternative fo od suppl y 

for the shorter-billed females . 

Results in Figure 7 have shown that when the ab ove 

conditions are present a sl i ght difference i n feeding 

habits d oes occur . Large seeds provide more food per 

.unit time and it would seem· that the male bird may have 

an advantage over the female in that they are able to 

utilise the t histle supply more efficiently. In 
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Novemoer , a difference in feeding h~bits could well be 

of benefit to both sexes . It i s like ly t hat competition 

b etween t he sexes over E.cicutarium i s reduced as the 

f resh crop of C.tenuiflorus becomes available . Because 

o f this d ifference in feeding habits between th e sexes , 

the overal l dietary pattern shown in Figure 6 could wel l 

be affected to a smaller or greater degree depending on 

the numb ers of males or females in the monthly samples . 

In the four months showing the sl i ght difference in diet 

( F i g .7 ) , males made up 58% of the sampl e numbers which 

means that a small bias towards male food preferences may 

have been incurred for the months of May, Nov ember, 

F ebruary and March . 

vi) Quantity of Food Eaten . 

It has not been po ssible to determine the amount of 

food consumed daily by wild goldfinches . Korodi and Nagy 

(1 965/66) found that at 20°c , Cardu elis ca rduelis r e quired 

10. 7% of it s body- weight daily as food . Throughout most 

o f the year the mean body-w e i gh t of goldfinche s (both 

sexes considered ) is about 1 5 . 2 gm , which mean s an 

expected consumption of approximately 1.6 gm of food per 

~ay . Odum and Major (1 956 ) found that White-throated 

Sparraws Zonotrichia albicollis at 20°c took approximately 

500 cals ./gm . body-weight per day of seed food and if 

goldfinches me t abolise in a similar fashion they would be 

expected to consume some 7,600 cals.per day. Kendeigh 

and West ( 1965) give Amaranth us r e troflexus. an ·:... energy 

value of 4623 cals.per gm/dry~weight and this again 

amounts to approximately 1. 6 gm of seed required per day. 

It thus seems prob~ble that goldfinches , at least in the 
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summ~r season, consume approximately 1.6 gm of food 

per day and probab ly increase during the colder winter 

rnon tbs. ( Korodi and Nagy 1965-1966 mention that at o° C 

both the food requirements and efficiency of its use 

increased slightly in C.carduelis). 

The only quantitative estimat es of die_t were made 

from the amount of food in the birds ' crops when they 

came into roost. This rai ses the problem that the 

sample may not be completely r epresentat ive of the daily 

diet. However , there i s a noticeable absence ('I'able 2) 

of food in the crops of birds shot away from the roost 

(June, ~Tuly and Augus t). The emptying of the diges tive 

tract during the night and the subsequently rapid pas sage 

of food through the gut during most of the following day 

would explain thi s . However, just prior to roosting, 

mo s t birds were able to fill the ir crop . Consequently 

crop analysis tended to reflect food consum ed in the 

latter part of the day only but direct field observation 

suggested little differenc e in the diet at different 

times of the day. 

The average crop contents of roosting birds remained 

fairly constant except during April. This increase can­

not easily be explained. There was no sudd~n increase 

in the availability of any preferred food and if this 
. . 

increase was connected with the onset of flocking then 

May crop contents should have also showed a corresponding 

increase . On the contrary, crop contents in May dropped 

to average only 0.2 gm (Fig.8). 

vii) Changes in Body-Weight . 

Throughout most of the year weight differences 
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between the sexes a v eraged about 0.75 gm except duri ng 

the breeding season when females weighed approximately 

the same or even heavier than males . Generally the 

weights are low at the end of the breeding season , reach 

their maximum in March , April and early May , and then 

begin to drop in June and continue to do so until 

December in the case of males and October in the case 

of females . Lack (1966) records that thi s type of 

cyclic change in body-weight is characteristic of seed 

eating birds and explains the loss of weight in wint er 

as due to seeds becoming scarce around mid- winter and 

few fresh supplies o f seeds being produced before 

October . As a lready mentioned food seeds were present 

throughout the winter at Havelock North but fresh 

supplies did not appear until E.cicutarium seeded in 

early October. 

During bre eding time the increase in female weight 

i s probably due to one main factor . Most of the females 

shot i n November , December and J anu ary were involv ed i n 

egg laying and contained sev eraJ. eggs at different stages 

of development . This result ed in a marked increase in 

weight. On the other hand , the loss o f we i ght suffered 

by males during this same period was probab ly d u e to a 

greater amount of strain impo sed upon t hem during this 

period. Feeding of the young and the incubating female 

together with protection of the nest site is a time 

consuming task. Nice (1964) found a similar drop in 

weight in the male Song Sparrow (Melospi z a melodia) at 

this time. Heydweiller (1935) found an even grea ter 

loss with the male Tree Sparrow (Spizella a.arborea) in 
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Manitoba . 

It seems fairly safe to conclude that body-weights 

at Havelock North do bare some reflection on food 

resources present throughout the year but i n the author ' s 

opinion food seeds were never scarce at any time . Research 

involving calcul ations of body-weight versus time spent 

f eeding would probabl;y produce some interesting results , 

i.e. it would appear that body-weight increases or 

d ecreases according to the time available to the adult to 

find food for it self . 

viii) Comparison with othe r Goldfirtch Food Habit Studies. 

A_review of previous literature shows that the Gold­

finch has adapted to a l arge number of food sourc es . Of 

the important food types in the Havelock North study , 

Newton (1967a) England , Sokolowski (1962) Poland, and 

Eber (1 956) Germany , make no ~ention of A.retroflexus . 

It is known that A.retroflexus is a native of tropical 

America and is much more abundant in New Zealand than in 

England or the European continent . Middleton (1965) 

Australia, observed man.y go ldfinche s feeding on 

Amaranthus sp . on the campus at Monash University but he 

does not record it being present in the crops and gizzards 

of the 240 goldfinches he analysed . Harper (1 969 ) 

Christchurch , New Zealand , observed the diet of the 

Goldfinch in the south Christchurch region from April to 

September and it seems interesting that he makes no 

mention of Amaranthus sp. either in his observations or 

in the 15 birds he analysed. 

Of the other important food sources, P.annua appears 

to be more important in Australia and New Zealand than in 
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either England or the Contine~t. It appears to have 

been abundant in all four study areas used. 

Thistle seeds are important in all previous studies. · 

E.cicutarium does not appear in the diet either in 

England, the Continent or Australia and yet forms almost 

one -third of the diet by volume during October alon~ at 

Havelock North . The author also observed large amounts 

of E-cicutarium taken by goldfinches on the Massey 

University campus during October and November 1971. 

Aphids appear to be the most common animal food 

source through out the goldfinches range. Newton (1967) 

lists them as forming 16 percent of the diet at Oxford 

during April which corresponds to their peak occurre nce 

during October at Havelock North. (April in the 

temperate l atitudes of the Northern Hemisphere being 

directly comparable to October in the temperate 

latitudes of the Southern Hemisphere) . Aphids also 

formed the greatest percentage: of the adult insect food 

in Australia (Middleton,196 5). 

Middleton (1970) makes mention of the noticeable 

absence of tree seeds in the diet in Australia. This 

also appears to be true in New Zealand . European 

authors report the seeds of Birch Betula , Alder Anus 

and Pine Pinus as regular items in the diet (Witherby 

et al 1938; Fitter 1945; Eber 1956 ; Newton 1967a). In 

Australia, Middleton suggests that these tree seeds are 

replaced by seeds of the Compositae which he says are 

available throughout the year. In New Zealand 

A.retroflexus and E.cicutarium appear to take their place. 
. - . 

The several points arising from this compari s on are 



worthy of note. Firstly, it appears that c ertain foods 

are strongly preferred to others, so that seasonal 

changes in the diet cannot be attributed wholly to 

changes in the re l ative abundance of the different food-

plants in the study area . For instanc e both at Oxf ord 

and Havelock North C.album was one of th~ commonest 

food-plant s in th e study area and ye t the preferred 

A.retrofl exus (Havelock North), thistle seeds or 

T. officinale always appeared to be utilis ed ahead 6f 

C. album, ev en when found in much smal ler amounts. 

Secondly, this study shows that the feeding habits 

of the Go l dfinch i n New Zealand ar~ essentially the same 

as in i ts ancestral Europe . Certain ·differences do exist 

but most of these can be exp l ain ed by differences in the 

availability of the various plant - foods. Perhaps the 

most significant difference is the change in the food 

types used in winter ; tree seeds together with Dipsacus 

and Arctium spp . in its ancestral areas have been 

replaced by A. retroflexus , P . annua and E.cicutarium in 

New Zea l and. 

C. FOOD OF THE NESTLING GOLDFINCH 

As previously ment ioned , the a i ms of this section of 

the study were as follows : 

(1) To examine the diet of the Goldf i nch nestling during 

the 1970 -1 971 breeding season . 

(2) To inve s tigate Newton's (1967a) statement that 11 t he 

proportion of invertebrates given declines with 

increasing a ge of the young . After about the t enth 

day the young often receive seeds only 11
• 
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(3) To investiga te the process involved in se l ection 

of food for the young. 

(4-) To determine if there was any significant difference 

in the percentage animal pro tein fed to ne s tlings 

within two separate breeding blocks. Block A was 

bordered on one side by large numbers of deciduous 

trees supporting a plentiful supply of animal 

prot e in. Block B was surrounded by other orchards 

with less animal protein available . 

(5) If a significant difference between the two blocks 

did exist then did this produce any s i gnificant 

difference in growth rates of broods concerned . 

(6) To determine if there was any si~nificant 

difference in the diet of broods reared in early 

mid and late periods of the breeding season . 

2 . 6 METHODS 

The nestling goldfinches are fed by regurgitation 

and receive l arge , but infrequent, meals which they 

store in their gullet. The food i s not digested 

appreciably beforehand. Food of the nes tlj_ng was 

examined through the transparent skin of the neck , 

without harming the birds, by manipulating the gullet 

betwe en thumb and finger (after Newton 1967b). Each 

gullet containing food was scored as ten and it s 

contents as tenths of the whole. Each tenth wa&, 

considered to be one food unit. Twenty-two nestlings 

were killed and gullet contents examined thoroughly 

to check on the accuracy of this observational method . 

Also when f ood items of older nestlings were 
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unid8ntifiable through the skin , a .small plastic tube 

( 2 m.m.diameter) attached to a 1 c .c. syringewas insert ed 

into the gullet and the contents withdrawn (Fig .10). 

There were no observable har~ful eff ects and this was 

not attempt ed i n any nest lings before their fourth day . 

Any unidentifiable food in young nestlings was describ ed 

as accurately as poss i b l e and when later found i n an 

older nestling it was withdrawn and identi f i ed in the 

l aboratory . 

Hatching dat es of i ndividual nestlings i n each 

brood were recorded a nd the daily age of each brood was 

t aken to be t he mean a ge of the nestlings a t the time 

of each recording . Nestlings were vi s ited dai l y . Day 

one was c ons idered to be all broods wi th a mean age 

between 0 and 24 hours . Day 2 , all broods which had 

ent ered th e ir second 24 hour period . Mos t eggs normally 

hatched within 24 hours of each other which meant that 

the r e was little d i fference in the age of nestlings in 

any one brood. Whe n a n ew n es t containi ng nestlings was 

found, the age of the brood was approximated from an age 

table b ased on stage of plumage a nd mean da ily weight 

increase for each brood size. Thi s was compiled early 

in the season and needed no a lt erations as the s eason 

progress ed . The daily total wei ght for each brood was 

measured on a Pesola 100 gm spring scales. 

For convenience in analysis, the breeding season 

was divide d into three groups of five 10-day periods. 

All broods in which the first egg was laid from the 

start of the season until 26 Novemb er are referred to 

as ' early', those from the 27 November until 15 January 
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FIGURE 10 . Syringe (1 c.c. ) and plastic 
tubing (2 m. m. diameter ) . 
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as ' mid ' , and those from the 16 January onwards as ' late '. 

2.7 RESULTS 

A total of 4647 nestl ing di et observations were 

made and of these 1331 were empty . Tables 5 and 6 record 

the percentage frequency occurrence and perc entage 

composition by volume of food for each age interval in 

the diet of nestlings in Block A. Tables 7 and 8 show 

the same for Block B. Table 9 records the percentage 

composition by volume of the diet over the whole breeding 

season . Figure 11 i llustrates the occurrence and 

importanc e of the main food types . Results of the 22 

nestlings analysed in the laboratory arc shown in Table 

10. Results indicate that the observational method was 

not accounting for the presence of some of tl1e smaller 

~rass seeds such as Holcus lanntus (Yorkshire fo g ) . 

Alopecuruo prateni s (meadow foxtail) and the small seeds 

of the compositae , Crepis capillaris (hawksbeard) . This 

means that the frequency of occurrence would be somewhat 

greater for the smaller s i zed seeds than that recorded 

in Tables 5 and 7. The re lat ive volumes chan~ed ver y 

little . 

Figures 12 and 13 indi cate t he p ercentage volume 

of ani mal protein for Blocks A and B. In Block A 

animal prote in formed 11 . 5 percent by volume of the total 

food consumed and in Block B only 2 . 2 percent . Appendix 

II shows this difference to be significant at the 99% 

probability l ev e l . Figure 14 compares nestling 

development in the two blocks and it i s evident that 

there was no difference in development rates . 

The vari ation in die t b etween early, mid and late 

broods was considerable (see Fi g . 11) . Early broods for 
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TABLE 5 

Percentage frequency occu rrence of foods in the diet of nestling goldfinches, 
Block A; Havelock North. 1970- 71 breeding season. 

Nestling age (days) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 
No. of nestlings recorded 
with some food in gullet 11 57 84 109 104 118 106 92 114 111 96 79 77 52 21 7 

Food 
I 

Common name Specific name 

Winged thist le Card uus tenuiflorus 54.5 29.8 47.6 38.5 37 .5 44.9 50.9 52.1 59.6 63.9 71.8 54.4 74.0 67.3 52.3 85.7 
Dandelion Taraxacum offic,nale 9 .0 38.5 54.7 46.7 47 .1 63.5 62.2 42.3 57.0 42.3 56.2 58.2 29.8 48 .0 38 .0 28.5 
Scotch th istle (Spear 

thist le I Cirsium lanceolatum 27.2 29.8 20 .2 27.5 29.8 31.3 23.5 30 .4 21.9 25.2 23.9 18.9 12.9 15.3 23.8 

Cocksfoot Dacty lis glomerata 4 .7 1.8 7.6 6.6 4.3 4.3 3.6 7.2 5.0 3.8 

Dovesfoot Geranium molle 1.8 0.8 1.8 5.4 3.5 3.6 4.1 5.0 1.2 

Storksb ill Erodoum c icu tarium 3.5 0 .9 0.8 0 .8 

Hawksbeard Crepos capillans 1.1 5.5 5.0 1.0 2.6 3.6 1.0 1.2 1.2 

Nettle Urt ica urens 1.7 1.1 1.8 2 .8 1.6 2.0 5.0 
Red root Amaranthus retro flexus 3.0 4.5 0.9 0 .8 9.6 4.5 3.1 2 .5 1.2 23.0 9 .5 14.2 

Barnyard grass Echinochloa c ru s-gal lo 0.9 3.2 1.0 

Pucci nell ia fascicula ta 5.7 
Wild turnip Brassica campestns 1,8 

Unidentified seeds (4 types) 1.7 2.3 8.6 4 .2 4 ,7 6.5 6.1 3 .6 3 .1 7.5 2.5 3.8 4.7 
Green material 18. 1 1.7 9.5 16.5 16.3 35.5 31 ,1 32.6 32.4 32.4 15.6 30 .3 24.6 21.1 19.0 42.8 
Aphids Fam . Aphididae 9 .0 12.2 22.6 41.2 26.9 16. 1 17.9 17,3 14.0 10.8 3.1 3.7 2.5 3.8 14.2 
Willow sawfly (larvae) Pontan ia proxoma 19.2 15 .4 11.0 19.2 23.7 16.9 11.9 7.8 9.9 3 .1 1.2 

Cecids (larvael Fam. Cecido myoidae 1.9 4.2 10.3 1.0 2.6 1.8 
Leaf tiers (pupae) Tebenna bradley i 0.9 

Long-horned 
Leaf-miner (larvae) Fam. Lyonetiidae 1.7 1.8 2.8 2.5 1.8 3 .5 1.0 
Noc tuids (larvae) Hel iothis armigera 2.3 0 .9 0 .8 1.8 5.4 0 .9 1.0 1.2 4.7 
Unidentified animals (3 types) 3 .5 2.0 
Roughage 1.7 7.8 10.5 5.0 12.2 3.2 8.7 5.4 6.2 10.1 7.7 1.9 9.5 
Faecal material 2 .3 1.9 1.6 

.f::' 
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TABLE 6 

Percentage compos1t1on by volume of foods in the diet of nestling goldfinches, 
Block A; Havelock North . 1970-71 breeding season. 

+ = food less than 0.1 eercent b~ volume 

Nestling age (days) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 
No. of nestlings recorded 
with some food in gullet 11 57 84 109 104 118 106 92 114 111 96 79 77 52 21 7 

Food 

Common name Specific name 

Winged thistle Carduus tenuiflorus 46.4 23.1 28.6 27.5 21 .7 23.2 3 1.5 37.4 40 .8 46.2 49 .6 39.4 64 .6 57.9 45.2 84.3 

Dandelion Taraxacum officinale 8 .1 29.3 35.0 20.5 23.0 26.4 29 .3 21.6 29.3 26.1 20.3 26.6 18.7 27 .5 28.6 12.9 

Scotch thistle (Spear 
thistle) Cirsium lanceolatum 27.3 20.2 14.9 15.6 19 .0 18.0 14.5 21.1 11.9 11 .2 16.8 13.2 9.7 7.5 12.9 

Cocksfoot Dact~lis glomerata 0 .8 0.4 0 .6 1.2 0 .3 0 .5 0.4 1.1 1.4 0 .8 

Dovesfoot Geranium molle 0.4 0 .1 0 .2 0 .2 0 .5 0 .8 0.3 0 .2 + 

Storksbill Erodium cicutarium + 0.1 0 .2 

Hawksbeard Creeis caeillaris 0.4 0.4 1.4 1.5 + 0.4 1. 1 0 .2 0.3 + 

Nettle Urtica urens 1.6 0 .2 0.4 0.4 0.3 1.2 4 .3 

Red root Amaranthus retrofl exus 0.4 0 .9 + + 1.1 0 .3 0 .9 + + 1.3 1.0 1.4 

Barnyard grass Echinochloa crus-galli 0 .8 1.1 1.0 

Puccinellia fasciculata 0 .8 

Wild turnip Brassica cameestris 0 .2 

Unidentif ied seeds (4 types) 0 .3 0 .5 5.3 3.7 4.1 5.5 1.3 4.0 1.6 4 .1 2 .6 0 .3 4.2 

Green material 17 .3 1.4 1.8 2.5 4 .2 7.1 4 .5 5.4 5 .6 5.7 4.4 8.0 3 .7 3.5 2.9 1.4 

Aphids Fam . Aphididae 0.9 7 .5 10.1 2 1.7 13.4 4 .6 3.6 2.3 5 .1 2.1 1.8 0 .6 0 .1 + + 
Willow sawfly (larvae) Pontania eroxima 13.2 6.3 7 .1 8.4 12.0 7.4 4 .5 2.4 1.6 0 .3 0.8 

Cecids (larvae) Fam. Cecidomyi idae 0 .7 0 .3 0 .6 + 0 .2 + 

Leaf tiers (pupae) Tebenna bradle~i 0 .1 

Long-horned 
Leaf-miner (larvae) Fam. Lyonetiidae 0.5 0 .3 0 .7 1.1 0 .2 0 .3 0 .1 

Noctuids (larvae) Heliothis armigera 1.9 0 .2 

Unidentified an imals (3 types) 1.3 0 .2 0.4 0 .3 0.1 0 .1 3.3 

Roughage 0 .2 1.1 1.1 0 .6 1.6 0.3 0.3 0.4 0 .1 1.0 0 .5 0.4 1.9 

Faecal material + 1.9 0 .3 

Percentage animal food 0 .9 23.2 17 .7 29.1 23.4 18.0 12.3 7 .1 8.0 3.8 2.4 1.5 0 .1 + 3.3 

Percentage plant food 99 .1 76.8 82.2 70 .9 76 .6 81.9 87 .7 92 .9 91 .9 96.2 97 .5 98.5 99 .8 100.0 96.7 100.0 

No. of food units recorded 110 570 840 1090 1040 1180 1060 920 1140 1110 960 790 770 520 210 70 
\.n 
0 
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TABLE 7 

Percentage frequency occurrence of foods in the diet of nestling goldfinches, 
Block B; Havelock North. 1970-71 breeding season. 

Nestling age (days) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 
No. of nestlings recorded 
with some food in gullet 15 61 139 162 189 196 187 183 194 188 153 150 113 98 42 8 

Food 
I 

Common name Specific name 

Winged thistle Carduus tenuiflorus 53.3 49.1 55.3 59.8 56.6 52.5 5 1.3 55.1 58.2 60. 1 62.0 66.6 52.2 53.0 59.5 73.7 
Dandelion Taraxacum offic,nale 33.3 31.1 33.0 25.3 38.6 47.4 29.9 40.4 35.0 34.0 24.8 26.0 22.1 14.2 14.2 5.0 
Scotch thistle {Spear 

thistle) Cirsium lanceolatum 13.3 31.1 38.1 40.7 43.9 45.4 48.6 53.5 45.3 43.0 44.4 44.6 47.7 47.9 38.0 21.2 
Cocksfoot Dactylis glomerata 6.6 3.2 8.6 1.2 3 .7 4.0 2. 1 3.2 3.0 4.2 2.6 0.6 
Dovesfoot Geranium molle 0.5 1.0 0 .5 

Storksbill Erodium cicutarium 4 .9 5 .7 0.5 0.5 4 .2 1.6 

Hawksbeard Crepis capillaros 1.6 3.0 4.2 5.6 0 .5 2. 1 0 .6 0.6 
Nettle Urtica urens 1.2 0.5 

Red root Amaranthus retroflexus 0.7 1.8 2.6 1.5 2.6 6.5 4 .1 4 .2 7.8 2.6 7.9 2.0 

Californian thistle Cirsium arvense 1.3 

Mouse-eared chickweed Cerastium glomera1um 0.5 

Unidentified seeds {3 types) 1.4 1.8 0.5 1.0 1.0 0 .5 0.5 0.5 2.6 5.3 1.0 
Green material 6 .5 7.9 9.2 17.9 38.7 37.9 40.4 38.1 52.6 49.0 40.6 48.6 32.6 40.4 
Aphids Fam. Aph1d1dae 8. 1 5.7 16.6 5.8 7.1 5.3 6.0 1.0 1.0 1.3 2.6 1.0 4.7 
Cecids {larvae) Fam. Cecidomy,idae 1.6 1.0 1.0 1.0 2 .0 0.5 3.5 
Spiders Order Aranaae 1.4 0.5 0.5 0.5 0.6 

Leaf tiers {pupae) Tebenna b radle:ti 0 .5 2.5 1.0 0.5 1.5 0.5 0 .6 
Long-horned 
Leaf-miner {larvae) Fam. Lyoneti idae 0.7 1.8 2.6 3.0 0.5 1.0 1.0 0.5 0 .6 
Noctuids {larvae) Hel iothis armi~ra 1.2 1.0 2.5 1.6 1.0 1.0 1.0 0.6 1.0 
Unidentified animals {2 types) 4 .9 3.0 2.0 1.0 2.6 7.0 3.0 1.5 0.6 1.3 2.6 

Roughage 3.2 2 .1 1.2 9 .5 7.1 6.4 11.4 8.2 6.9 9.8 6.0 4.4 2.0 11 .9 
Faecal material 1.5 1.0 

\.J1 
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TABLE 8 

Percentage compos1t1on by volume of foods in the diet of nestling goldfinches, 

Block B; Havelock North. 1970- 71 breeding season 
+ = food less than 0.1 percent by volume 

Nestling age (days) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 
No. of nestlings recorded 
with some food in gullet 

Food 
I 

Common name Specific name 

Winged thistle Carduus tenu,florus 50.1 41 .3 40.5 46.1 39 .0 34.6 39.4 34.0 43.7 46.9 49.5 50.7 43.5 51.0 54.8 73.8 

Dandelion Taraxacum offocinale 33.3 20.9 16.7 11 .7 14.2 19.2 14.9 12.3 14.0 10.1 5.0 4 .8 6.8 4.6 5.5 5.0 

Scotch thistle (Spear 
thistle) Cirsium lanceolatum 13.3 25.3 31.3 30.0 32.3 31 .0 35.7 37.4 34.1 31 .2 34.3 36.1 36.5 36.4 33.0 21.2 

Cocksfoot Dactylis ~lomerata 3.3 1.3 3.0 0.1 1.4 0 .2 0.2 1.3 0.6 0.2 0.3 + 
Dovesfoot Geranium molle 0.1 0 .1 + 
Storksbill Erodium cicutar,um 3.0 1.0 + 0 .1 0 .8 0.3 

Hawkesbeard Creeis capillaros 0.3 0 .7 2.4 2.6 0 .1 0.2 + + 
Nettle Urtica urens 0 .2 0 .1 -----
Red root Amaranthus retroflexus + 0 .6 1.5 0.3 1.0 1.1 0 .6 0.9 0.6 0 .2 2.1 0 .2 
Californian thistle Cirsium arvense 0.1 

Mouse-eared chickweed Cerastium glomeratum + 

Unidentified seeds (3 types) 0.7 1.0 0.1 0 .5 0.1 0.1 ' 0.1 0.2 0.7 0.8 

Green material 2.8 3.0 1.8 3.3 7.7 5.9 8.6 5.3 9.5 9.2 7 .2 10.1 6.5 5.0 
Aphids Fam. Aphididae 3 .3 1.1 6.0 1.2 1.8 1.0 2.0 0.1 0 .3 + 0.2 0 .1 0.5 
Cecids (larvae) Fam. Cecidomyiidae 0 .2 0 .1 + + + + 0 .2 
Spiders Order Araneae 0 .1 + + + + 

Leaf tiers (pupae) Tebenna bradleyi 0 .1 0.3 0 .1 + 0.7 ' + 
Long-horned 
Leaf-miner (larvae) Fam. Lyoneti idae 0.1 1.0 1.0 0.5 0 .1 0 .3 0.1 0.1 + 
Noctuids (larvae) Heliothis armigera 0 .1 0.3 0.2 0 .1 0.2 0.1 + 0 .1 
Unidentified animals (2 types) 2.3 0 .6 1.3 0.2 0.3 0 .9 0.3 0.3 0 .1 0.3 + 
Roughage 1.6 0 .2 0 .1 1.3 0.7 0.3 1 .1 0.3 0.3 0.7 0.5 0.1 0.3 1.2 
Faecal material + 0.3 

Percentage animal food 3.5 3.6 7.7 4 .2 3.0 1.6 3.3 1.4 0.8 0 .1 0 .5 0.2 0.2 0 .5 
Percentage plant food 100.0 96.5 96.4 92.3 95.8 97.0 98.4 96.7 98.6 99.2 99.9 99.5 99.8 99.8 99.5 100.0 
No. of food units recorded 150 610 1390 1620 1890 1960 1870 1830 1940 1880 1530 1500 1130 980 420 80 \Jl 
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TABLE 9 

Percentage composition by volume of foods in the diet of nestling goldfinches 

for early, mid and late broods, 1970-71 breeding season 
+ - food less than 0. 1 percent by volume 

Early 
Block A 

Mid Late Early 
Block B 

Mid 
No. of nestlings recorded 

with some food in crop 416 613 209 377 1,379 

Food 
Carduus tenuiflorus 

Taraxacum officinale 

Cirsium lanceolatum 

Dactylis glomerata 

Erodium cicutarium 

Crepis capillaris 

Urtica urens 

Echinochloa crus-gall i 

Amaranthus retroflexus 

Pucci nel I ia fascicu lat a 

Geranium molle 

Cirsium arvense 

Brassica sp. 

Cerastium glomeratum 

Unidentified seeds (2 types) 

Green material 

Fam. Aphididae 

Pontania proxima (larvael 

Fam. Cecidomyi idae (larvael 

Tebenna bradleyi (pupael 

,Heliothis armiqera (larvae) 

Fam. Lyonet iidae (larvael 

Order Araneae 

Unident ified animal material 

Faecal material 

Roughage 

Percentage animal 

52.0 
26.0 

0.6 

0.1 

0.5 
1.7 

0.7 

0.5 
5.5 
7.3 

4.1 

0.5 
+ 

0.5 
11 .9 

39.1 

25.0 
14.6 

0.8 
+ 

0.6 

0.6 

0.1 

2.5 
4 .2 

6.1 

5.0 
0.2 

+ 

0.2 

0.1 

0.3 
0.6 

11 .6 

1.8 

25.2 
46.4 

+ 

1.4 

0.4 

0.1 

8.0 
4 .7 

2.3 

6.4 

0.3 
+ 

1.0 

0.8 
0.2 

1.0 

10.8 

79.1 

9.0 

0.9 

1. 1 

1.2 

0.1 

0.1 

0.2 

4.9 

2.8 

0.1 

0.3 
+ 

0.2 
3.2 

40.3 
12.6 

36.7 

0.7 
0.1 

0.3 
+ 

0.5 

+ 

+ 
0.3 
6.4 

0.8 

+ 
0.1 

0.1 

0.1 

0.4 

+ 

0.6 

1.5 

53 . 

Late 

322 

12.3 

13.6 

57.5 

0.8 

2.6 

0.5 
7.4 

1.3 

+ 
0.3 

1.5 

1.2 

0.2 
0.8 

4.3 



TABLE 10 

COMPARISON OF GULLET CONTENTS OF NESTLI NGS 

OBSERVED IN THE FIELD AND THEN ANALYSED IN 

THE LABORATORY . 

+ = l ess than 0 . 1 percent by volume 

No .of Observed Anal ysed 
Nestlings 22 22 
Food % Freq . 96 Vol. % Freq . %- Vol . 

Erodium cicutarium 4. 5 0.1 

Cirsium vulgare 36 . 3 22 .• 2 45 . 4- 22 . 4 

Co.rduus tenuiflorus 59 . 0 42 .7 59 . 0 4 1 . 5 

Taraxacum officinale 36 . 3 10 . 0 36 . 3 8 . 2 

Ho lcus lanatus 4 . 5 + 

Alopecurus 12ratensis 4 . 5 + 

Cerastium glomeratum 4 . 5 0 . 9 9 . 0 0 . 2 

Cre12is car2illaris 1 3 . 6 + 

Echi nochloa crus - galli 9 . 0 5 . 4 9 . 0 6 . 2 

Green material 50 . 0 5 . 4 54- . 5 4 . 6 

Uni dentif i ed seed 9 .0 0. 6 

Roughage 1 3 . 6 1 . 8 1 3 . 6 1 . 6 

Fam . Aphi d i dae 1 3 . 6 2 . 2 27 . 2 'l • 2 

Pootani a 12rox i ma 13 . 6 5 . 9 18 . 1 7 . 8 
(larvae ) 

Fam.Lyoneti i dae 9 . 0 1 . 7 1 3 . 6 2 . 1 
( lar vae ) 

Teb enna b radl eii 
(larvae ) 

4 . 5 1 . 8 4 . 5 3 . 1 

Tebenna bradl eii 4 . 5 + 9 . 0 0 . 4 
( pupa e) 

Uni dentified anima l 4 . 5 + 4 .5 + 
material 
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Figure 11 The gullet contents of nestling goldfinches throughout the 
1970-71 breeding season. 
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Figure 12 The percentage volume of animal food in the Goldfinch 
nestling diet, block A, 1970-71 breeding season. 
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Figure 13 The percentage volume of animal food in the Goldfinch 
nestling diet, block B, 1970-71 breeding season. 
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Figure 14 Weight gain of nestling goldfinches. 
Results from the whole of the 1970- 71 breeding season. 
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Figure 15 Weight gain of nestling goldfinches over early, mid and late 
periods of the breeding season. 
(Block A and B weights together) 



instanc e wer e f ed l arge quantities of Carduus t enui­

f lorus , but t h i s almos t disappear ed from the di et of 

l a te broods . Cirs i um lanc eolatum was not availab l e to 

earl y b roods but const i tuted approximately 50 perc en t 

of the di et of late broods . Both variations can be 

explained by the limited seedi ng periods of the t wo 

s pec i es . However , despite these vari ations there was 

littl e change in nestling gro~th ( Fig .1 5) . 

Experi mental Work 

Experiments were carri ed out to i nvestigate the 

p r ocess i nvo l ved in sel ection of f ood for the young . 

Newton (1 967a) postul ated for t hose species which g i ve 

fewer i nv er tebrates to the i r young a s t hey get older , 

t hat this was a direct response to the appear ance of the 

young themsel ves . He i llustrated t his by changing two 

Bul lfinch (Pyrrhula pyrrhul a) broods of three and ten 

days respectively and the adul ts of both pairs chan8cd 

t heir di ets appropriate l y . 

I n t his study three like experiments were carri ed 

out on the Goldf i nch . Al l broods i nvolved the same 

number of chicks . 

Experiment No . 1 . Thi s involved r eplaci ng a 13 day­

old brood wi th one day-old chicks . 

The result was the death of both one day- old chicks 

on t he same day of trans fer . This was probabl y due to a 

failure of the new parents to r evert back to a brooding 

condition so as to maintain the necessar y warmth 

required by both chicks . The 13 day- ol d chicks lef t 

their new nest within 24 hours after . being transferred 

and because of their readiness to leave the nest during 
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TABLE II 

RESULTS OF EXPERIMENT N0 . 2 I NVESTIGATING 
NESTLING DIET SELECTION . 

Da t e Brood 1 Brood 2 

31.1-2 . 70 

31 .1 2 . 70 

Nes tling 
age ( days) 

1 

2 

3 

4 

5 

6 

7 

8 

9 

'1 0 

11 

12 

:1 3 

7 

8 

Ne st predated 

Percentage 
animal food 
i n diet 

70 . 0 

5 . 0 

25 .0 

Nestling 
age ( days) 

1 

2 

3 

4 

5 

6 

P e rc entage 
animal f ood 
in d i e t 

· inte r change 7 

65 .0 

90 . 0 

23 . 0 

30.0 

40.0 

13 

14 

15 

Nestlings flew 

'10. 0 

5.0 
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TABLE 12 

RESULTS OF EXPERIMENT N0 . 3 INVESTIGATING 
NESTLING DIET SELECTION . 

Date Brood 1 Brood 2 

3 . 2 . 71 

Nestling 
age (days) 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 
-- -- --

3 . 2 . 71 4 

Chicks d i ed 

Percentage 
animal food 
i n diet 

84 . 0 

6.0 

64 . 0 

18.0 

7. 5 

6 . 6 

Nestling 
age (days) 

1 

2 

3 

- interchange 4 

13 

14 

15 

Percentage 
animal food 
in diet 

10 . 0 

50 . 0 

14- . 0 

Nestlings flew 
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this time no diet observations were made . 

Experiment No .2. Two broods of 13 and 7 days 

respectively were interchanged . 

The result was that both sets of parents continued 

r earing their new broods with no change in diets for the 

first day. On the second experimental day the parents 

with the now 8 day-old chicks reverted back to feeding a 

diet more appropriate to the age of the new chicks . The 

13 day-old chicks were fed decreasing amounts of animal 

mater i al on their first two days and then flew the 

following day (Table 11). 

Exp eriment No.3 . Thi s involved interchanging two 

broods of three and eleven days re spectively. 

The adult s of the n ew younger brood failed to feed 

the ir chicks and death resulted. After the first 

experimental day the adults of the 11 day-old brood 

changed their diet appropriately (Table 12) . 

These results appear to confirm Newton ' s ideas . 

Also it appears that in the Goldfinch at l east one day 

is required from the time of initial stimulus until a 

change of r espons e occurs. This would prob ab ly expl ain 

the reason for the lack of observed animal protein in the 

gullet contents of one day-old chicks (see Table 6 and 

Table 8 ). 

2.8 DISCUSSION 

i) Comparison with adult diet. 

Few feeding studies have adequately described the 

requirements of nestlings in spite of its fundamental 

importance in the ecology of birds (see Dunnet (1955) on 

the Starling ;Kluyver (1961) on the Black-capped Chickadees 

Parus atricapillus; Gibb and Betts (1963) on sev9ral Parus 
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species ; Ro y ama (1 966 ) on n es~ling Great Tits; Newton 

(1 967b ) on the Bull f inch; a n d Se e l (1 969) on the House 

Sparrow) . 

The nestling stage in the life - history of a bird is 

a v e r y critical one. Rapid c ell multiplicat ion takes 

place in t he gr owing nest ling and if the chick is going 

to grow quickl y and overcome it s parental dependency , it 

will ne ed to be fed the type of f ood which will b est 

promot e rapid growth . It is apparent when comparing the 

adult Goldf i nch diet (Tab l e 2 ) and the nest ling d i e t 

(Tab l es 6 and 8) that c ertain changes in food sel ec tion 

do occur . 

Animal protein , fo r example, formed a much greater 

perc entage of t he young chicks die t and this was not 

surpri s ing as the nestlings of most s p ec i es requir e a 

high prot e in diet in the ir "early stages ( We lty ,1 964) . 

Indeed , i f th e amino acid r e quiremen ts of a nestling are 

d e t ermined by t he composit i on o f i ts own t i ssu es , then 

animal rat her t han vagetahl e prote i ns are more like l y to 

me et it s n eeds (Newton , 1 967a) . 

Taraxacum off icinal e a l s o showed a s i gnificant 

increase in the nestling diet . It never formed more 

than 3.3 p erc ent by volume of the adult di e t throughout 

the year, and yet in the nestling diet comprised 

approximately 25 percent by volume in Block A and 12 

percent in Block B (se e Tables 2 and 9 ). There does 

not appear to be any obvious explanation for this 

difference. 

The thistle seeds Carduus tenuiflorus and Cirsium 

lanceolatum also form ed a large percentage of the 

nestlings' diet. Both are large seeds and while this 
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foo d source is advantageous to the adult in that they 

provide mor e food per unit tim e , the same cannot b e said 

for the young nestling . Gut and faec a l examination of 

nestlings showec tha t little if any of the thistl e seeds 

were digested in the f irst five days after hatching. 

Faecal pellets were eat en by the adult s during this early 

p eriod and this would a ccount for the presence of faecal 

materia l in the gullets of s om e young chicks. Undiges t ed 

seeds would e ncourage the parents to eat the fa ecal 

p ell e t s but as digest ion increased in the growing chick , 

their f ood v a lue would drop off. Faec es from older 

nestlings were e ither carried away or l ef t on the rim of 

the nest. 

Several of the ins ect sp ecies fed to n estlings never 

appeared in the adult diet . The most int e r esting find 

was the phy tophagous hymenopteran larvae Pontania 

63. 

proxima which, in Block A for example, formed 13.2 percent 

by volume of the two day-old chick diet. This hymen­

opte ran i s commonly known as t he willow l eaf sawfly and 

c auses the plant to produc e the prominent gall s so 

common on the leaves of willows (Salix spp .) The larvae 

_fe eds inside a hollow gall with a small hole at one end 

through which excrement is passed (Valentine ,1 970) . 

Although no actual sightings were made of adults taking 

the larvae, it appears that in so~e cases the galls may 

have been ripped open and the larvae extracted (Fig.16 

and 17). Empty galls were examined but it was difficult 

to determine whether they had been ripped open or were 

just showing natural deterioration once the larva had 

emerged. Valentine (pers.comm.) suggested that because 



FIGURE 1 6 . 

FIGURE 17 . 

Galls of the willow l eaf sawfly 
Pontania proxima . 

Exposed gall showing larva of 
Pontania proxima . 
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nearly all the specimens taken were mature larvae, 

the adults may be eating them as they emerge from the 

galls to pupate on the l eav es rather than breaking the 

galls open . In e i ther case this record seems a mos t 

interesting one as an unusual form of biological control . 

Cecid larvae (Order Diptera) also appeared in the 

nestlin3 1 s diet but never in the adult ' s . It seems 

likely that these small red l arvae belonged to the 

species Dasyneura pyri (Pear leaf-curling Midge)_but 

identification was uncertain because t he only specimens 

taken were damaged on transit to the Entomology Division 

of the D. S . I . R. , Nelson . 

ii) The Proportion of Plant and Animal Matter in the 
Food of Nestl ings . 

In both breeding blocks the proportion of inverte­

brates in the food fl11ctuated from day to day, but in 

general declined with increasing age of the young . This 

has also been illustrated in other finches (Newton 1967a) ; 

the House Sparrow (Summers-Smith 1963) and the Black­

faced Dioch (Ward 1965) . 

Throughout the nestling period young in Block B 

r eceived a significantly smaller proportion of animal 

material than those in Block A. This difference appears 

to have been a direct consequence of variation in the 

availability of animal material in and surrounding both 

breeding orchards . This would indicate (as found also 

by direct observation) that , although goldfinches do 

not def end breeding territori es , they nevertheless feed 

mainly near their nests (presumably for reasons of 



eff i c i e ncy) . 

Even with this difference between the b l ocks , it 

i s of i nt eres t that nestlings raised o n much smal ler 

proportions of animal material showed little or no 

differenc e in their development . It is possible that 

in Block B n es tling growth was maintained by feeding 

larger quantities of seeds but no comparitive 

informat i on was obtained . 

Sinc e i nvertebrat es were taken in greater 

proportions in Block A (despit e an abundance of seeds 

there) , and in both blocks were digested more 

efficiently than seeds , goldfinches appear to favour 

invertebrate s in their nestling ' s diet . 
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CHAP TER III 

CROP DAMAGE REPORTS 

As already mentioned i n the introductory section , 

in the pas t t en years i ncreas i ng attention has been drawn 

t o Go.ldfinch damage o f so f t fru i ts particul arl y s t raw­

b e r ries and fruit buds on pear trees . Two crop damage 

r eports were carri ed out to ascertain j ust how mu ch 

damage the Goldfi nch was responsib l e f or. 

A. DAMAGE TO STRAWBERRY CROPS 

Go l dfinches were he l d responsib l e f or removi ng the 

smal l brown achenes (commonly called seeds) from the 

s t rawberry fruit with the resul t that the fruit perished 

a nd became, unsaleab l e . The crops examined t otal led 12 

hec t ares and were si t uated wi thin the main s t udy area ( see 

F i g .1 ) . Fi e l d work commenced on the 1 5 October 1969 and 

t erminated 1 6 December 1969 . Several aspects were 

i nv estigated , name l y : 

(i) To determine whether g oldf inches were r espons i b l e 

for a ny damage . 

(ii) To d e t ermine wha t prop ortion of damage b e ing 

attribute d to goldfinches was b e ing carri e d out 

by othe r spe cies . Seve r a l other sp ecies were 

obser v ed to visit the crop in larg e numb e r s . 

(iii) 

(iv) 

Netting as a pre v entative method was examined. 

Monetary los s from bird damaged fruit was 

estimated. 
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3.1 METHODS 

A stomach analysis was made on 335 birds s hot on the 

strawberry crops between the 20 October and 25 November , 

1969. The birds were shot by two men employed by the 

owners of the properties concerned. All birds observed 

on the crop were shot at, apart from house sparrows who 

at that time were thought to be doing no damage . The 

employer had given orders to both shooters to leave house 

sparrows undisturbed . The author also gained the 

impression that both shooters showed a cert ain bias 

towards goldfinches . Bird counts were carried out to 

correct any such bias . 

Other foods utilised by goldfinches during this 

period were assessed from the stomach analysis of adult 

birds shot at the c entra l roost . Go ldfinches were shot 

at the central roost three times per month and methods 

used in the analysis of these birds were giv3n in a 

previous section (p .21 ). The observational assessment 

as previously mentioned was also carried out at this time 

(p .21 ) • 

A trial row was set up to estimate the effects of 

netting as a preventative method . A row 60 metres long 

was covered with nylon netting from 22 October until 

berries were picked on the 10 November . Another row the 

same l ength and same strawberry variety was sampled and 

used for a comparison over the same p eriod . The trial 

row all owed conclusions t o be drawn as to the presence 

or absence of Harpalus rufipes and H. aenus, both straw­

berry seed beetl es present in parts of Europe . This also 

allowed an estimation of amounts of s lug damage . 
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Monetary loss was estimated from the amount of 

unsaleable fruit present in the packing shed each day 

and an attempt was made to determine what percentage of 

all bird-pecked fruit became unsaleable . Onl y market 

prices for the period 17 October to 5 November were 

recorded . 

3. 2 RESULTS 

Previous analyses of goldfinches sampled while 

feeding at strawberry patches, failed to find strawberry 

seeds in the birds (Dawson,1967) . Durin5 this study the 

presence of strawberry seeds was determined by identi­

fyirig the small seed styles present (Fig .1 8) . _ The style 

was usually approximately 1-2 mm.long and dark brown. 

Also fragments of the strawberry seed case were often 

present in the gizzard. 

Table 13 summarises the stomach analyses results for 

the 335 birds shot on the strawberry crops . Seed-caters 

(Class A) were distinguished from fruit-eaters (Class B) 

by the presence or absence of the placental attachment in 

the gut (Fig .1 8) . An examination of several strawberries 

indicated that when the achene only is eaten the placental 

line becomes detached and remains in the fruit . Many of 

the fruit-eating species contained seeds with placental 

attachments but no strawberry fruit pulp, digestion of 

the pulp probably being more rapid than digestion of the 

seed . The 35 day period indicated in Table 13 was 

considered to cover the most important time of damage . 

Loss being greatest at this time of the season when early 

berries were bringing a higher price . 
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O 1 m.m. 

Figure 18 Strawberry seed showing style 
and placental attachment. 
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Bir d Straw- Per-
species berry cent 

present 

Gold- 42 36 . 8 
finch 

Sky- 1 3 35 . 1 
l ark 

House 1-0 62 .5 
sparrow 

Thru s h 46 58 . 2 

Bl ack- 3 4 62 . 9 
bird 

Myna 25 89 . 2 

Starli ng 2 100 . 0 

Yell ow-
hammer - -

TABLE 13 

STOMACH ANALYSIS RESULTS FOR BIRDS SHOT ON STRAWBERRY CROPS BETWEEN 

~HE PE RIOD 20 / 10/69 a nd 25/11/69 . 

Straw- Per- Seeds Per- Fruit P.er- Total 
berry cent o nly cent cent s ampled 
abse nt 

72 63 . 2 42 100 . 0 - - 114 

24 64 . 9 13 100 . 0 - - 37 

6 37 . 5 8 80 . 0 2 20 . 0 16 

33 41.8 5 1 0 . 8 41 89 . 2 79 

20 37 . 1 3 8 . 8 ., _, 
.:, .J. 91 . 2 54 

3 10 . 8 2 8 . 0 23 92 . 0 28 

- - - - 2 100 . 0 2 

5 100 . 0 - - - - 5 

Percent of 
Class A. 

68 . 2 

Seed 
22 . 1 Eaters 

Class A 

9 . 7 

Percent of 
Class B. 

48 . 4 

33 . 1 Fruit 
Eaters 
Class B 

1 7 . 3 

1 . 2 

""J 
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Bird scare methods made bird counts very inaccurate 

and only generalisations could be drawn from these . 

Observations over the period of shooting indicated that 

house sparrows were the most numerous species on the crop, 

being present in large numbers thr?ughout most of the day . 

Goldfinches visited the patches individually or in pairs 

and it appeared that most goldfinches were present in the 

first two hours after dawn . The time of day when each 

bird was shot was recorded and results are shown in Table 

14 . Bot~ shooters spent approximately the same ti~e on 

the crop for each of the four , three- hour intervals 

listed . Damage was negl igibl e after 18. 00 bours. 

Foods found in the stomachs of goldfinches shot at 

the c entral roost during October and November 1969 , are 

shown i n Table 15 . The p ercentage frequency with which 

various foods were observed taken in the field througout 

the same period is shown in Table 16. 

The netted trial row proved conclusively that the 

covering of early berries would b e to t he growers ' 

advantage . Results were as follows :- the netted row 

yielded 11 lbs ., 9 lbs . were sold at 35c . /lb . and 2 lbs . 

at 20c . /lb . Unnetted row yiel ded 11 lbs . all of which 

wer e bi rd damaged , 10 lbs . were sold at the jam fruit 

price of 1 5c . /1b . and 1 lb. was classified as unsaleable . 

However the netting material used had a number of draw­

backs. The nylon netting tended to constrict after 

several weeks and tore easily . Also weeds growing up 

through the netting prevented i ts removal when berri es 

were ready for harvesting (Fig .19) . Slug damage was 

insignificant and there were no signs of either species 
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06- 09 hrs . 

No . Sampl ed Percent 

Goldfinch 8 1 72 . 3 

Skyla rk 2 0 54 . 0 

Ho u s e - 5 33 . 3 
spa rrow 

Thrus h 45 5 7 . 6 

Bla c kbird 29 60 . 4 

Myna 1 2 42 . 8 

TOTAL 192 60 . 4 

TABLE 14 

TI ME OF DAY BIRDS SHOT ON CROP . 

09- 12 . 0 hrs . 12 . 0 - 15 . 0 hrs . 

No . Sampled Percent No . Sampled Percent 

4 3 . 6 - -

7 18 . 9 4 10 . 8 

5 33 . 3 1 6 . 6 

6 7 . 5 9 11. 5 

5 10. 5 4 8 . 3 

4 14. 2 2 7 . 3 

31 9 . 9 20 6 . 2 

15 . 0 - 18 . 0 hrs . 

No . Sampled Percent 

27 24 . 1 

6 16 . 3 

4 26 . 8 

18 23 . 0 

10 20 . 8 

10 35 . 7 

75 23 . 5 

---.J 
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TABLE 15 

Percentage frequency occurrence of foods in the diet of Goldfinches 

shot during October and November, 1969. 

October 
Whole November 

Whole Sample Dates 8 / 10/69 16/ 10/69 28/10/69 month 7/11 /69 17/ 11 /69 24/11 /69 month 

No. of birds 12 7 9 28 6 5 12 23 

Seed Species 

Poa annua 75.0 85 .7 22.2 60.7 

Cerastium glomeratu m 75.0 85.7 44 .4 67 .8 33.3 - - 8.6 
Erod ium cicu tarium 66 .6 71.4 77 .7 71 .5 83.3 - - 21 .8 
Stellaria media 33.3 57 .1 11. 1 32. 1 

Urtica urens 8.3 71.4 11 . 1 25.0 33.3 40.0 - 17 .3 
Capsel la bursa-pastoris 25.0 28.5 - 17.8 16.6 20.0 - 8.6 
Carduu s tenu iflorus 8.3 14.2 33.3 17.8 83.3 60.0 91.6 82.6 
Geranium molle - 14.2 - 3.5 16.6 - - 4.3 
Alopecurus pratensis - 14 .2 22 .2 10.7 
Senecio vu lgaris - 14.2 - 3.5 33.3 - - 8.0 
Taraxacum officinale - - 11 . 1 3.5 16.6 20.0 16.6 4.0 
Sonchus asper - - - - - 20.0 8.3 8.6 
Unidentified seeds - - 11 . 1 3 .5 

Green material 16.6 14.2 - 10.7 

Fragaria sp. - - 11 .1 3.5 

Animal food 

Aphids 41.6 71.4 44.4 50.0 83 .3 20.0 16.6 34.7 

~ 
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TABLE 16 

PERCENTAGE FREQUE NCY OF FOODS SEEN TO BE TAKEN IN THE FIELD BY 
GOLDFINCHE S DURING OCTOBER AND NOVEMBER,1969 . 

Sample Dates OCTOBER 1969 1/Jhole November 1969 
8/10/69 16/10/69 28/10/69 Month 7/11/69 17/11/69 2-~/11/69 

Number of 
Records • 487 160 21 7 864 140 63 24 

Seed Spe cies % Composition of Diet 

Poa annu a 80 . 9 44 . 2 - 53 . 8 

Ceras tium glomera turn - 1 . 1 - 0 . 2 

Erodium cicutarium 10. 2 37 . 4 28 . 5 19 . 9 46 . 4 11. 1 -
Senecio vulga ris 0 . 2 - - 0 .-. • .L 

Aloe::curus eratenis - 3 . 6 28 . 5 7. 8 27 . 1 52 .4 -
Carduus tenuifloru s - - s. o 1. 3 20 . 7 36 . 5 83 .3 

Urtica urens - - 36 . 3 9 . 1 2 . 8 \ - -
Taraxacum officina le 8 . 6 1 3 . 0 - 7 . 3 

Caesella bursa-eastoris - - 1 . 4 0 . 3 

Sonchus asoer - - - - 2 . 8 - -
Holcus l a natus - - - - - - 12 . 5 

Animal food 

Aphids - 0 . 7 - 0 . 1 - - 4 . 2 

• One bird, one food= one record 

Who le 
Month 

227 

31.7 

31 . 3 

31.7 

1 . 8 

1 . 8 

1 . 3 

0.4 

""'-.) 
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FIGURE 19 . Weeds growing through nylon 
netting covering strawberry 
plants . 
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TABLE 17 

Monetary loss for the period 17 /10/69 until 5/11 /69. 

Table Total Bird Jam Unsaleable Percent of 

Fruit Damage Fruit Loss Fruit Loss Fruit bird 

Oct. Lbs. $.c. Lbs. Lbs. $.c. Lbs. $.c. Damaged 
-

) 
17 27 .0 12.15 34 10 3.10 24 10.80 55.7 ) 

20 151 .3 68.09 45 .7 13.7 4.30 32 14.40 28.2 )_. 

22 421.4 189.60 28 .6 8.6 2.70 20 9.00 
l:::r 

6.3 )~ 
24 806.0 362.70 114.0 3.4 10.50 80 36.00 12.3 )~ 

26 278.5 125.36 71 .5 21 .5 6.70 50 22 .50 
)"' 

20.4 ) 

27 366.2 164.80 65 .8 19.8 6.10 46 20.70 15.2_ ) 

28 1,100.0 495.00 1,000 .0 300.0 93.00 700 315.00 47 .6 ) 

29 887 .0 399 .20 786.0 236.0 73.20 550 247 .50 ) 
46.9 )-.J 

30 1,105.0 497.30 957 287 .0 89.00 670 301 .50 46.4 ) ; 
n 

31 932 .0 419.40 582 175.0 53.60 407 183.15 38.4 )~ 

Nov. 
)~ 
) 

1,915.0 861 .80 286 86.0 26.70 200 90.00 12.9_ ) 

3 1,393.0 626 .90 357 107.0 33.20 250 
N 

112.50 21 .5 ) ::::r 

4 1,675.0 753.80 500 151 .0 46.80 349 157.05 )"' 
22.9 )~ 

5 1,822 .0 819.90 300 90.0 27 .90 210 94 .50 14. 1_ )~ 
-- -- --

T= 5,796 .00 T= 477 .7 T= 1,614.60 

Total Loss = Jam fruit at 31 c + Un sealeabl e fruit at 45c 

Tota l Loss = $477 .70 + $1,614 .60. 

Total Loss = $2,092.30. 

-.] 
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of strawberry-seed beetle . Results from the packing shed 

showed that an estimated 70 percent of all bir d dam:1gcd 

f ruit was unsaleable. Monetary loss from bird damaged 

fruit, over a 20 day period, is shown in Table 17 . 

3.3 DISCUSSION 

That the Goldfinch is responsible for str awberry 

damage is correct. Results show t hat almost 37 perc ent 

of all ~oldf inchcs shot on the strawberry crop cont a ined 

pieces of strawberry seed . However , to assune that the 

Goldfinch is solely or even mostly responsible for seed­

peck ed damage would be an incorrect assumption . Results 

hav e thrown n ew light onto this problem. Species 

causing damage can b e divided into three groups : those 

feeding only on strawb erry seeds , namely goldf inches and 

skylarks (Alauda arvcnsi s) ; those feeding mainly on 

strawberry seeds , namely house sparrows ; and tho se feeding 

only on b errie s , namel y tl1rusbes (Turd:us philomelo§.2. , 

blackbirds (Turdus merula), mynas ( Acridothcres t r i s ti s) 

and starl ings (Sturnus vulgari s ). 

As a lready stated house sparrows were the most 

numerous of the species on the crops throughout the whole 

day and 62 . 5 p ercent of a ll hous e sparr ows sampl ed showed 

some presence of strawberry. Fe·,,er goldfinches and sky­

larks showed any signs of strawberry . Therefore in t erms 

of bird numbers , time spent on the crop and percentage of 

birds sampled contai ning strawberry seeds, house sparrows 

probably accounted for the largest proportion of all seed­

pecking damage in this study. According to the October 

edition of the Commercial Grower (1 969), house s pa r rows 

are now considered to b e the bigges t problem to the 
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En glish strawberry growers ( p . 313) . 

Tab l es 1 5 and 1 6 indi cated the change fr om one main 

foo d type t o another during October and November . P oa 

ahnua formed almost 8 1 percent of the go l dfinches diet 

at the beginning of October and then dropped rapidly i n 

i mportance as the month progressed. At the end of 

October Carduus t enuif l orus form e d only five percent 

of t he d i et but increased to 83 . 3 percent by the end of 

Novemb er . Both P.annua and C. tenuiflorus are avail able 

as a food source in excess of two months and it i s in 

thi s period of ending and beginntng of two important food 

suppl ies that the greatest amount of b i rd damage occurred . 

Ariother ob servati on is of interest . It was observed 

during the early morning that goldfinches were often 

reluctant to fe e d on weed or grass seed foods because of 

a heavy dew cov ering . The strawberry fruit was free 

from dew and this may have been a reason why they were 

u t ilised at this t i me. Go ldfinch dama~e appear ed 

heaviest during the first t hree hours after daybreak . 

B. DAMAGE TO FRUIT BUDS ON 
PEAR TREES 

Complaipts f r om several orch ardi s t s within the 

Hawke s Ba y a r ea s p e cif i ed t hat g oldf i n ches in large 

flock s were respon sible f or heav y p ear bud damage . Long 

(1970) r epo rted t hat in East ern Aus tralia s ome d amag~ 

had b een r e corded to t he buds of apricot tre es. 

3.4- METHODS 

Forty-two goldfinches were s hot from a larg e flock 

in an orch ard where he a v y p ear b ud damage wa s occurring. 
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Contents of t he crop , proventriculus and gizzard were 

analysed in the laboratory. 

3-5 RESULTS 

No sign of fruit bud s were found in any of the birds . 

Tab l e 18 i ndicates the stomach content s of the b irds 

ane,lysed . 

TABLE 18 

CROP AND STOMACH CONTENTS OF GOLDFINCilES SHOT 
IN A HAVELOCK NORTH ORCHARD . + = l ess than 0 . 1%. 

No . of Bi rds 
42 

Poa annua 

Stellaria media 

Amaranthus rctroflexus 

Chenopodium album 

Unidentified seed 

Aphids 

Volume sampled (mls ) 

3. 6 DISCUSSION 

Percent 
Frequency 

100 . 0 

61 . 9 

28 . 5 

2. 3 

14. 2 

61. 9 

Percent 
Composition 

by volume 

88 . 6 

7.3 

2 .. 1 

+ 

1. 0 

1. 0 

16 . 6 mls . 

It appears that little , if any bud damage , can be 

attribut ed to goldfinches . The presence of l arge flo cks 

in several orchards appeared to be a di rect r esult of the 

l arge areas of Poa annua and Stellaria media t hat were 

available . No sign of fruit buds was f ound in any of the 

goldfinches sampl ed a t the central roost . 

The orchard sightings can be expl ained by the 

feeding b ehaviour of the speci es . Goldfinches f eeding on 

weed seed in an orchard will often , when disturbed , fly up 
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into nei~hbouring fruit trees and scrape their bill on 

the branch they land on . Dawson and Bull (1970) in a 

questionnaire survey of bird damage to fruit crops in 

New Zealand record that the main birds causing damage 

to fruit buds were redpolls, house sparrows , chaffinches , 

silvereyes (Zosterops lateralis) and greenfinches . In 

t h i s study the numerous Hous e Sparrow was probably 

responsibl e for most bud damage . 
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4.1 METHODS 

CHAPTER IV 

BREEDI NG BIOLOGY 

Breeding da t a we r e obta ined f r om the same blocks 

us ed i n t h e n estling d i e t s tudy (Fig .1) . Both a r eas 

wer e orchar d f a rm s and conta ine d a mixture of Apple 

(Ma lus sp .), Pear ( Py r u s s p.), Peach (Pr unu s s p.) a nd 

Plum ( Prunus sp . ) trees . From the o nset of b reeding , 

the s e a r eas were vi s ited daily . 

Da t a on clutch s i ze , i nc ubation a nd n estl i n g 

p e riods , n es tling we i ght s , as well a s n esting and 

terri t o r i a l beh a viour were coll ected at each vi s it. Also 

every f our t h day the orchards were sys t emati cally 

s earch ed f or n ew n es t s . Ev e r y nest tr ee was marked and 

e a ch nest numbered . To a i d n est observat i on a mirror 

mounted on a fiv e f oo t po l e a nd a small l adder wer e u sed. 

1+. 2 RESULTS AND DISCUSSION 

i) Breeding seas on 

The star t of the breeding seas on wa s ma rk e d by the 

break-up of winte r floc ks . By mid-O c tober 1969 and 1970 , 

most of the winter f eeding grounds were des e rted and the 

birds formed small groups fe eding mainly on Storksbill , 

and the fresh supplies of Winged thistle which bec am e 

available i n early November . Birds were often seen in 

twos and as early as mid-September twos were exploring 

the areas which would soon provide nesting cover. 

The timing of the breeding season is reflected in 

changes in gonad size and Figure 20 illustrates the 

growth and regression of the gonads throughout the year. 
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Figure 20 Seasonal vanat1on in gonad measurements of the Goldfinch, 
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Recr~descence appeared to begin earlier in the male, 

growth being r apid in late September , several weeks 

ahead of the female. Maturation of gonads in the male 

before the female could be adaptive in that it would 

allow early breeding females to lay fertilised eggs 

and so prevent any wastage of female gametes at the 

beginning of the breeding season. 

ii ) Sexual Dimorphi sm 

Recognising the sexes in the field was not ~asy. 

Middleton (196 5) and Newton (1967a) found that on 

avcraBe males were bigger than fema les and measurements 

from tbis study confirmed this (see Table 4-). A.t t he 

nest the sexes could be separated behaviourally . I n 

general the male bird appeared to have brighter facial 

colouring and while collecting specimens for stomach 

analysis, sex wa s estimated before the gona ds were 

examined . In most cases the diagnosis was correct . 

Elliott (1969) suggests that during courtship the female 

i s much duller than the male but this is probab l y 

because the male carries out most of his display by 

flashing his bright yellow wing patches . 

Witherby et a l (1938) , Bannerman (1953) and 

Peterson et a l (1954) all state that the sexes are 

morphological l y s i milar and in this study, as with 

previous ones, no reli able criteria could be established 

for separating the sexes . 

iii) Pair Formation 

Recognising the timing of pair formation was 

difficult b ecause birds were not banded and could not 

be externally sexed in the f i e ld . However , it seems 
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that pair formation took place, at least for the early 

breeding birds, within the winter flock. In early 

September goldfinches were regularly seen in twos during 

the middle part of the day . In the early morning and 

befor e roosting at night they would gather with the main 

flock to f eed . Also in September, if a flock was 

disturb ed , many birds would fly off in twos, but during 

the earlier winter months the disturbed flock remained 

together . Middleton (1 965) supports t h is idea an~ both 

Lack (1940) and Conder (1 948) s ugges t pairs are formed 

within the flock . 

iv) Territory 

Nest site selection took place before t erri tori a l 

claims were made . Conder (1948) observed that the 

territory was limited to a mating ~d nesting station 

onl y and both Middleton (1965) and Elliott (1969) agree 

with this. Obs ervations in thi s study general l y 

confirmed that the Goldfinch was territori a l around the 

nest s ite but in several instanc es copulation was observed 

outs ide of the territoria l boundaries . 

The size of tha territory appeared to correlate with 

individual sexuality and the stage of the breeding cycle. 

During nest building the territory was approximately 50 

metres square around the nesting site but was reduced to 

the nesting tree once the eggs were laid. This reduction 
- - . . . 

in the size of the territory once the eggs are laid can 

be explained by the nesting behaviour of the Goldfinch. 

During incubation the male was responsible for 
. ·- . . . . .. - - -

feeding the sitting female and therefore spent most of 

his time absent from the territory searching for food. As 
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a result, song was infrequent and, intruders could 

easily enter the nest area. The female was l ess eager 

to leave the nest and defend the territory as incubation 

progressed and as a result intruders penetrated more 

deeply into the territory which became increasingly 

smaller. Middleton (1965) postulates a similar 

explanation. 

Newton (1967a) mentions that most cardueline 

finches nest either in loo se colonies or solitarily. 

During the 1969-1970 breeding season one l oose colony 

was obs erved and two more in the following season. 

According to Newton (1967a) group nesting i s quite 

common in the Linnet (Cardue lis cannabina) and the 

Lesser Redpoll (Carduelis flammea) but less frequent in 

the Greenfinch, Goldfinch,Siskin (Carduelis spinus) and 

Hawfinch (Coccothraustes coccothraustes) and very rare 

in the Bullfinch . Conder (1948) a l so reports loose 

colonies in the Continental Goldfinch and Nic e (1939) 

found a social t endency in the Eastern Goldfinch 

(Spinus tristis) . 

There were no definite boundaries to these colonies 

but the breeding density per number of trees was much 

higher than in surrounding areas . Typically each colony 

involved approximately 30 trees and had about 10 nests , 

the ratio of the numbers of tre es per nest being 

approximately 60 :1 for the rest of the orchard. In 

one colony pairs nested simultaneously in the same tree. 

In that instance, however, the female in one nest was 

brooding young before the other nest was built. It 

appears that in group nesting, breeding pairs dispense 
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with a c ertain amount of territorial defence so a s to 

achiev e a clumped type of dispersion pattern whi c h may 

h ave moro advantages than sol i tary pairs . 

The most widely accepted hypothesi s about the 

origin and advantages of colonial breeding , supposes 

that i t confers increased protection partly from 

i ncreased awareness of the approach of predators and 

partly from tho subsequent mobbing attack on tho predator . 

Howev er , the amount of i ncreased protection can be 

quentionod on the basis that an increase in concentration 

of n ests usually i ncreases the predators awareness t o 

these breeding areas . Obs ervat ions in this study 

suppor ted both ideas . Mobbing attacks were often shown 

when nests in the loos e colonies were visited . Par ents 

from surrounding nests would join with the distu rbed 

parents and both sexes would pivot back and forth 

utterine; sharp shrills . On one occasion this same 

b ehaviour pattern was shown to a dom ,Jstic cat wandering 

b eneath the colony . The following morning most of the 

nests were found on t he ground with sev eral chicks in a 

mauled condition. It seemed obvious that the mobbing 

beha viour shown to the c at had possibly alerted its 

attention to their presence . However , on several other 

occasions mobbing appeared to be e ff e ctive in deterring 

other pred~tors such as ~he M~gpie ~Gyrnorhina tibicen) 

and the Kingfi s h er (Halcyon sancta) . 

An alternative suggestion proposed by Crook (1 965 ) 

l i nks colonial breeding with flock formation for foraging 

purposes . It appears t hat breedin g birds in a loose 

colony may be more able to exploit a n unev en food supply 
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than "those., nesting separately (ibid) . Horn ( 1968) has 

shown this to b e true in the colonial nesting Brewer ' s 

blackbird (Euphagus cyanocephalus). Goldfinches often 

foraged communally during the breeding season (although 

in much smaller groups than in the winter) but with a 

food supply which was plentiful and evenly scattered it 

seems unlikely that colonial nesters possessed any 

foragin g advantages . Presumably at some stage in the 

evolution of the Goldfinch colonial nesting was more 

advantageous than solitary breeding but whether these 

advantages still exist today , in new environments , i s 

questionable . 

v) Nesting 

Nest building usually began as soon as a nest site 

was selected . Within the study area breeding activity 

appeared to be mainly centred in the orchards and so n est 

sites in Blocks A and B were probably typical of most of 

the nest sites throughout the area (Table 19) . The high 

proportion of n ests found in the fruit trees is probably 

a r eflection of their sheltered location as well as 

their association wit~ readily available food suppl i es 

from weeds growing at the orchard boundaries and on the 

orchard floor. Fruit trees are commonly reported nest 

sites for goldfinches throughout New Zealand as taken 

from the Ornithological Society of New Zealand (O . S . N. Z. ) 

nest record cards (Tabl e 20) . However , these records 

show that the Goldfinch has adapted we l l to the available 

nest cover and it is interesting to find quite a number 

of endemic species used as nest sites . The h i gh 

propartion of nests r ecorded in fruit trees may , however , 
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TA BLE 19 

SITE AND HEIGHT OF GOLDFI NCH NESTS FOU ~D DURING 1969-7 0 AND 1970-7 1 , HAVELOCK NORTH . 

Common Name 

Plum sp. 

Apple sp . 

Pe a r sp. 

Peach sp. 

Ma ple 

Macrocarpa . 

Ha zel nut 

Nectarine sp. 

Phebalium 

Lawsoniana 

Cypress sp. 

Oak 

Barberry 

Elm 

Tota l 

Specific Na;ne 

Prunus sp . 

Ma lus sp . 

Pyrus sp . 

Prunus sp . 

Acer sp . 

Cupre ssus macrocarpa 

Corylus avellana 

Prunus so . 

Phehalium sp . 

Chamaecypa ri s l awsoni2na 

Ta xodium disticum 

Quercus robur 

Berberis sp . 

Ulmus proccra 

No .of 
Nests 

24 

82 

66 

39 

2 

2 

2 

2 

1 

1 

1 

1 

1 

1 

225 

Mea n heigh t 
above ground ( m) 

3 . 0 

2 . 2 

2 . 6 

2 . 7 

1.6 

3 . 3 

3 . 3 

2 . 8 

2 . 6 

Range 
( m ) 

1.5 - 6 . 0 

0 . 9 - 4 . 8 

1 . 3 - 5 . 1 

1.3 - 4 . 2 

1.5 - 1.8 

3 . 0 - 3 . 6 

2 .7 - 3 . 9 

1 . 9 - 3 . 6 

4 . 5 

4 . 5 

6 . 0 

6 . 0 

1. 8 

2 . 4 

0 . 9 - 6 . 0 

()'.) 
'-.0 
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TABLE 20 

Site and height of Goldfinch nests 

(From New Zealand Orni~hological nest record cards: 1948 - 1969). 

Common Specific No. of Percentage Mean height Max. and min. height 
name name nests of total above ground (m) above ground (ml 

Peach Prunus sp. 81 25.9 2.5 1.5 4 .5 

Gorse Ulex europaeus 29 9.3 2.0 0.9 3.6 

Apple Malus sp. 27 8 .6 2.0 0.9 3.0 

Plum Prunus sp. 26 8.3 2.5 1.5 4 .5 

Pine Pinus sp. 19 6.1 2.2 1.5 4 .5 

Poplar Populus sp. 12 3 .8 2.1 0.9 3.6 

Hawthorn Crataegus laevigata 12 3.8 3.8 2.1 9.1 

Broom Cyt1sus sp. 9 2.9 1.7 1.2 3.3 

Willow Salix sp. 9 2 .9 2.6 1.8 4 .5 

Macrocarpa Cu press us macrocarpa 8 2.6 3.0 0 .9 6.1 

Lawsoniana Chaemaecyparis lawson· 
,ana 6 1.9 2.0 1.2 2.7 

Lupin Lupmus sp . 6 1.9 11 0.9 1.2 

Spruce Picea sp 6 1.9 2.0 0.9 3.0 

Apricot Prunus sp . 5 1.6 2.1 1.8 2.7 

Totara Podocarpus totara 4 1.3 2.2 1.8 1.5 

Oak Ouercus robur 3 1.0 36 1.9 6. 1 

Matagoune Discar ia toumatou 3 1.0 1.9 1.8 2.1 

Alderberry Sambucus sp. 3 1.0 24 1.6 3.6 

Maple Acer sp 3 1.0 2.2 1.8 2.6 

Douglas F ir Pseudotsuga taxifol,a 3 1.0 2.0 1.5 2.4 
Kanuka Leptospermum ericoi-

des 3 1.0 2.8 2.7 3.0 

Hazelnu t Corylus avellana 3 1.0 2.4 2.1 3.0 

Lemon C, trus sp. 3 1.0 3 1 30 3.6 

Box thorn Lyc,um sp. 2 0 .6 2. 1 1.8 2.4 - - -
Elm Ulmus procera 2 0 .6 2.6 1.6 3.6 

Gum sp. Eucaly tus sp. 2 0.6 2.9 2 1 3.6 

Mapou Sutton,a austral ,s 2 0 .6 3.8 3.3 3.6 

Kohekohe Oysoxylum spectab,le 2 0 .6 4 .3 3.6 4.8 

Cypress Taxod1um d1st1cum 2 0 .6 1.2 1.0 1.3 

Ivy Hendera helix 0 .3 3.3 

Blackberry Rubus frut1cosus 0 .3 1.0 

Wattle Acacia Sp. 0 .3 1.9 

Rewarewa Kn1gh11a excelsa 0 .3 2.4 

Nec tarine Prunus sp. 0 .3 1.8 
Mat,po Myrsine 

austral is 0 .3 2.8 

Mahoe Mel,cytus rami florus 0 .3 3 .3 

Whau Entelea arborescens 0 .3 6.4 

Sycamore maple 
A cer pseudoplatanus 0 .3 2 .1 

Kohuhu P111oseorum 
tenuifolium 0 .3 2.4 

Orange Citrus sp. 0.3 3.0 

Mamang, Coprosma arborea 0.3 2 .1 

Putaputaweta Carpodetus serratus 0 .3 1.8 

Barberry Berberis sp. 0 .3 1.0 

Kaikomako Pennantia corymbosa 0.3 2 .1 

R,mu Dacryd1um cupressi-
num 0.3 1.8 

Rose bush Rosa sp. 0.3 1.8 



be due to observer bias as mos t of the records came from 

orchardi ng areas . 

Nest heights ranged between 0 . 9 and 6 . 1 metres (Table 

19) and most nests were built in the forks of b r anches in 

the outer extremities of the tree . This provided good 

concealment from predators and as most orchards were well 

sheltered did not contribute to any nes t instability . 
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First egg dates were calculated in the followin~ ways . 

Firstly , firsL egg dates were recorded in the field for 80 

of the nests . Secondly, when a full clutch was found and 

incubation had already b egun , the date of laying was 

cal culated using a mean incubation period of 14i days 

from first egg laid to first egg hatched . (Where no eggs 

hatched , no estimate coul d be made) . Thirdly , whe n 

nestling s were found in tbe nest, the age o f the o l dest 

chick was determined , 14{ days added and this total 

figure subtrac t ed from the date of observation. 

Obs erv a tions in Block A and B over the 1970- 1971 

season indicated the first egg was laid on the 18th 

October and the last egg on t h e 16th February . The 

O. S . N. Z. nest record cards g i ve similar dates (Table 21) . 

Breeding activity at Havelock North (Fig . 2 1 ) reached 

a n early peak in mi d - November and then f el l off s lightly 

o nly to again increase and r each a mi d - season peak 

during l ate December . Activity t'hen decli ned t h r ough 

unt i l the middl e of January and t hen increased to reach 

a l a t e - season peak at the end of J anu a r y . Thi s was 

fo l lowed by a rapid decline in egg l aying which 

t ermina t e d with the l aying of t h e l ast clutch in mid­

February . 
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TABLE 21 

RECORDED BREEDING DATES FOR 
THE NEW ZEALAND GOLDFINCH 

( O. S . N. Z. nest records) . 

Locality First Egg Last Egg Season 

Pakowhai 21 October 6 February 1957-58 

Gisborne 20 October 5 February 1964- 65 

Wanganui 20 October 1969 

Queenstown 28 February 1957 

Ashburton 22 October 10 February 1960- 61 

South 26 October 1 2 February 1968-69 
Canterbury 

According to several authors (Lack 1954 , Haukioja 

1970) , older breeding passerines usually lay before the 

first year breeding birds and this would probably account 

for the early breeding peak in mid-November . The peak in 

late December can be explained by a commencement of first 

clutches together with repeat clutches of early birds who 

were uns uccessful. The late peak was probab l y due to 

repeat clutches plus attempts at second cl utches by 

parents o f succes s ful first clutches . Because no b i rds 

were banded , no evidence can be given on the incidence of 

second clutches . 

On several occasions inclement weather appeared to 

interrupt the commencement of new clutches onc e breeding 

had be gun and to check thi s mean t emperature was p lotted 

against first eggs l a id (Fig.21). Weather data was 

provided by the Department of Scientific and Industrial 

Research meteorological station situated in Block A. 

Kessel (19 57 ) made an extensive analysis of the 

relationship between egg-laying dates anQ environmental 

temperatures in the European Starling, concluding tha t 
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annual variations in breeding dates are largely a result 

o f te~p eratur e difference . Newton ( 1964) showed tha t 

t emperature controls t he onset of breeding in the 

Cha ffinch (Fringilla coelebs) . This was also probably 

true for the Goldfinch at Havelock North and Figure 21 

suggests there may have been some relationship between 

the minor t emperature peaks and minor l aying peaks 

throughout most of the breeding season . It appeared that 

nesting and territorial behaviour increased on warm sunny 

days but this may have been onl y a~ incre~se in the 

breeding behaviour of birds already nesting rather than a 

recruitment of new breeders . However , Figure 21 shows 

that s ome correlation did exist between the weather and 

lay ing peaks but weather i s obviously not the only factor 

affecting laying of first eggs . 

Nest building usually took place in four distinct 

stages. Firstly a foundation was made and h e ld to the 

fork by spider s ilk. On top of this a cup was built, 

usually of coarse mat erial, and then lined with soft 

mater i a l on its inside . Finally most nests were 

decorated either with mo ss , small leaves or spider silk . 

All nests still remaining at the end of the breeding 

season were collected . Nests were measured and nesting 

materials identif i ed from 151 nests. The mean length 

and breadth of nests:. still c ompact was 66 mm and 55 mm 

respectively (inner rim measurements) . The average 

depth of cup was 27 mm . (Table 22 gives a list of nesting 

materials used). 

As Conder (1948), Middleton (1965) and Elliott (1969) 

have suggested, building materials were influenced to 
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TABLE 22 

Major nest materials (results from 151 nests 
arranged in descending order of importance for each stage) 

Nesting materials 

Spider silk 

Yorkshire fog grass 

Sheep wool 

Moss 

Currant twigs 

Rootlets 

Cleavers 

Lotus twigs 

Nettle 

Wattle leaves 

Annual meadow-grass 

Thistle down 

Pine needles 

Elm leaves 

Catchfly twigs 

Grass stems 

Hoary stock 

Twiglets 

Forget-me-not 

Sowthistle down 

Dandelion down 

Horse hair 

Oxtongue down 

Goldfinch feathers 

Hawkbit down 

Clematis down 

Woolly mullein leaves 

Mouse-eared chickweed stalks 

String 

Shivery grass 

Storksbill stems 

Hawkbit leaves 

Specific name 

Holcus lanatus 

Camptochaete aciphylla 

Ribes sp. 

Galium aparine 

Lotus sp . 

Urtica urens 

Acacia sp. 

Poa annua 

Carduus and Cirsium sp. 

Pinus sp. 

Ulmus sp . 

Silene gallica 

Matthiola incana 

Myosotis arvensis 

Sonchus oleraceus 

Taraxacum officinale 

Picris echioides 

Carduelis carduelis 

Leontodon taraxacoides 

Clematis sp. 

Verbascum thapsus 

Cerastium glomeratum 

Briza minor 

Erodium cicutarium 

Leontodon taraxacoides 

Use in nest 

Foundation, cup and decoration 

Foundation, cup and decoration 

Foundation, cup, and lining 

Foundation, cup and decoration 

Foundation and cup 

Foundation , cup and lining 

Foundation, cup and decoration 

Foundation, cup and decoration 

Foundation, cup and decoration 

Foundation, cup and decoration 

Foundation, cup and decoration 

Foundation, cup, lining and decoration 

Foundation and cup 

Foundation 

Foundation and cup 

Cup 

Cup 

Cup 

Cup and decoration 

Lining 

Lining 

Lining 

Lining 

Lining 

Lining 

Lining 

Lining 

Decoration 

Decoration 

Decoration 

Decoration 

Decoration 



some extent by the ir availability during the breeding 

season and no t wo nests were identical, each h aving its 

own characteristics ( Fi g . 22) . Also t he appearanc e of 

a ny n est changed during occupancy. Before the n estlings 

batched n ests were clean a nd compact but as the nestlings 

developed t he nest b ecame so iled and broken and oft en by 

t he end of t he n es tling period the nest had become an 

irregul ar p l a tform (Fig .23) . 

No nests used in the 1 969-1 970 breedin~ seas on were 

used in the following season. Nests e ither rotted away 

during the winter , were removed by orchardists or were 

partially des troyed by infes t at ions of beetl es . Of the 

151 nest s measured and analysed in the l ab oratory , 31 

conta ined popul ations of the derme s tid l arvae 

A~threnocerus austra lis (o rder Co l eoptera) i dent i f i ed by 

Dr R.Milne , Massey Uni versity . Britton (1 970 ) records 

that dermest i d l arvae often fe ed on dry animal material 

of high prote i n content and live n a turally in the d ebris 

of birds n es ts. Mast of the nests infested were old 

nests built during the early part of the season and had 

probably be en infes ted a ft e r the nestlings had flown . 

No larvae were seen during daily nest obs erv a tions. 

Several n es t sites used during 1969 -1970 were us ed a gain 

in the 1970-1971 season. Breeding pairs were not marked 

and so it was impossible to tell wmthe r the birds were 

the same breeding pair from the previous year. 

vi) Egg Laying 

Eggs were laid at one-day int e rvals until the 

clutch was completed, but t h ere were several exceptions. 
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FIGURE 22 . 

FIGURE 23 . 

Goldfinch nests showing ind ividual 
variation in appearance . 

Change in nest appearance during 
its occupancy . 
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In one clutch the female stopped laying after the fifth 

egg and then produced another egg three days later. 

Another two nests had a two-day interval between the 

last two eggs. The earliest nest observations were 

made a t 08.00 hours each morning and on all but two 

occas ions eggs appeared to be l aid either during the 

night or in the early morning . Conder (1948) and 

Middleton (1965 ) s t ated that Goldfinch eggs are l a id 

shortly after sunrise and Welty (1 964) indicates tha t 

eggs ere laid by many spec i es ear l y in the morning . In 

most cases the firs t egg was laid the day following 

completion of the nest . 

vii) Clutch s ize 

In this study a clutch was considered complete if 

at l east one of the following two conditions was 

satisfi ed :-

a) The number of eggs had not increased between two 

visits when the interval was not less than one 

day . Only on thre e occasions, as already mentioned, 

were the intervals between the laying of each egg 

more than one day. 

b) If young were found in the nest after a shorter 

p eriod than the minimum incubation period. In 

such cases i t is probable that incubation had 

already begun when the nest was ins~ected for the 

first time and the clutch wasthen full. 

In both ab ov e conditions it is assumed that s i ngle 

eggs are not normally lost either during the laying or 

incubating period but t his is not always the case. 

98. 



Singl e eggs did disappear from nests during the study 

but in most cases the nests were deserted before any of 

the remaining eggs hatched . At Ha v e lock North n e sts 

we re vi s i ted daily a nd s o the chances of missing an egg 

were s l ight . Clutch size at Havelock North is sriown in 

Tabl e 23 . Results from the O. S . N. Z. nest record cards 

ha ve been calcula t ed using the same conditj_ons above 

(Tabl e 24) . 

Time of 
Season 

Early 
(Oct.1 8 -

Nov . 26) 

Mid 
(Nov . 27-
Jan.15 ) 

Late 
( J an . 1 6 -
Feb.16) 

Whole 
season 

TABLE 23 

CLUTCH SIZE FOR THE HAVELOCK NORTH 

STUDY AREA , 1 970/71 BREEDING SEASON . 

3 

0 

5 

6 

11 

Clutch size Total 

4 

4 

· 8 

18 

30 

5 6 No . 
Nests 

19 3 26 

50 11 74 

8 2 34 

77 16 134 

LIBRARY 
MASSEY UNIVERSITl: 

Total 
No . 
Eggs 

1 2-9 

363 

142 

634 

Average 
Clutch 
Si ze 

4.96 . 

4 . 91 

4.18 

4 . 73 
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Site 

Pakowhai 

D. S .I. R. 
orcbard 
(Havelock 
North) 

Gisborne 

North 
Island 

South 

TABLE 24-

CLUTCH SIZE FOR 011HER NE\IJ ZEALAND 

AREAS . (Results from the O. S . N. Z. 

nest record cards). 

No . of Average Standard 
Clutches Clutch Deviation 

Size 

64 4 . 55 0.50 

27 4 . 67 0 . 62 

27 4.60 0.64 

131 4 . 60 0 . 56 

Canterbury 32 4 . 72 0.53 

Timaru 12 4 . 67 0.66 

S.outh 80 4.74 0.62 
Island 

New Zealand 211 4.65 0.59 

100. 

Range 

4-5 

3- 5 

3- 5 

3- 5 

4- - 6 

4-6 

3- 6 

3-6 



The mean clutch size at Havelock North was 4.73 . 

Thi s value , however , means very little because of the 

variation in the s i ze throughout the season. The mean 

clutch size in t en-day periods is given in Figure 24. 

Throughout the earl y and mi ddle parts of the breeding 

season the mean clutch size remained fairly constant at 

approximately 4-. 9, but then dropped to 4.1 during the 

last breeding month . This decrease was significant 

(p c:::: o. 001) . 

The change in average clutch size with in the season 

is oft en distinct within a population and has been shown 

for a number of passerine species ( Snow 1955 , Newton 

1961+ , Haukioja 1970) . Haukioja (1 970) li s t s a number of 

possibilities in explaining the reason for thi s decrease 

as the season progresses. Firstly in the Reed Bunting 

he showed the r~ was l ess animal protein avai l able at the 

end of the season and so a smaller clutch would be 

adaptive. In this study results in Table 9 showed the~e 

was littl e difference in the amount of animal protein fed 

to the nestlings t hroughout the entire season , and field 

observations indicated there was little difference in 

animal protein availability over that time . 

Secondly, differences in the clutch s izes of age 

groups could be the reason for this seasonal trend . 

Kluyver (1951), Lack (1954) and Haukioja (1970) have 

all .found a low er clutch size for first year breeding 

birds and a decline in the mean clutch size would occur 

if young females laid their smaller clutches a t later 

stages of the breeding season . However in the Reed 

Bunting , Haukioja (1 970 ) found that late clutche s are 
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practica lly a l l l a id by old females . 

Th i rdly, in orde r fo r the female t o survive it may 

b e i mp ortant for her not t o produce s o many eggs just 

before moulting . Hauki oja (1969) again found in the 
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Reed Bunting that we i ghts of females feeding l ate broods 

are rather low and suggested that thi s could be an 

ind i cation of stress at thi s p e riod . Other authors have 

paid littl e att ent ion to this possibility . Weights of 

f emal e goldfinche s at Havelock North were lo w during 

F ebruary (s ee Fig . 9) and there would be an even greater 

stress on the l ate breeding bir~if moulting had a lready 

begun. Mi ddleton (1 965) qui t e clearly shows an over l ap 

b e tween moult and breeding in the Go l df i nch in Australia. 

Fi e l d ob serv ations conf i rmed this for t he Goldfinch in 

this study . Several l ate breeding females when disturbed 

from t heir nest had a l ready started to moult with most 

of the co lour from their head and chin feathers mi ss ing . 

Al so moult was well und erway in sev eral of the females , 

f eeding recently fl edge d young juvenil es , which were 

shot at the central roo st during February . Middleton 

(1 965 ) suggests that th e simultaneous occurrence of both 

breedin g a nd mou lting may be more widespread than 

r ealised at present and this being so the onset of moult 

may well be the real r eason for a decrease in clutch 

siz e as the breeding season comes to an end. 

In addition to the seasonal variation in the clutch 

size of any o n e population there also app e ars to be some 

differences b e tween different populations. Not only is 

there a variation in the average clutch size of 

populations in different countries but there may be 



f airl y significant diff erenc es within any one country. 

For instance, there is a significant difference 

( p,0 .1 0 ) in the mean clutch size for the North and 

SDuth Islands of New Ze~l and (see, Table 24) . 

A t endency for i ncrease in clutch size with 

increas ing latitude is apparent in many birds ( Lack , 

1947) and Lack reasons that longer daylight hours 

enable the parents to feed more young and s o rai se a 

l arger brood. Frith (1957) r eported a clutch siz e of 

3.7 for the Goldfinch at Griffith , New South Wal es , and 

together with New Zealands ' 4.65 , and 4 . 83 for Englan~ 

( Niethammer,1970), these r esult s wou l d l end support to 

Lack ' s vi ew . However , a fter much more accurate 

observations by Middleton (1965) , the clutch s i ze for 

the Goldfinch population at Monash, calculated over 

thre e seasons , was 4.8 . The New Zealand clutch size 

i s slightly less than this fi gure and so in this 

instance Lack ' s theory is rejected . 

Therefore, no one factor appears re sponsible for 

controlling clutch s i ze . Not only do clutch sizes v ary 

with the age of the individual within a season and from 

area to area , but also vary annually . As Haukioja 

(1970) has pointed out there i s a need to consider all 

environmental factors before any dire c t conclusions can 

be drawn . 

viii) Incubation 

The incubation period of a specie s is difficult 

to measure accurately. Even when a bird ·s its· on eggs 

heat may not be applied to them and so incubation in 

its strict s·ense may not have yet begun. In all clutches 
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it appeared that incubation b egan before the l ast 

clutch was laid. Eggs were tested for warmth by placing 

on the lips of the observer , a r e co gnised procedure 
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among many ornithologists . Records from 51 nes ts suggest 

tha t incubation could have started with the fir s t egg 

in 11, with the second egg in 21, with the thi~d egg 13, 

with the fourth egg 4 , and the fifth egg i n 2 of the 

nests. Conder (1 948) and Middleton (1 965) obs erved 

similar v a riability but Conder noticed that incubation 

was higher than average on t he day the fourth egg was 

laid. Elliott (1969) ob serv ed that incubat ion u sually 

began with the l aying of the sec ond egg in the Massapequa 

colony, United States . 

Cons iderab l e error is possibl e when meas uring 

incubat ion period and it seems that quite a number of 

differences in t he incubation period of a spec i es may 

be superficial. Van Tyne a nd Berger ( 1959) define 

incubat ion period as 11 the e l apsed time between the 

l aying of the l ast egg in a clutch and the hatching of 

that egg when all the eggs hatc h '' . However , most 

previous studies on the Goldfinch (W a l kinshaw 1938, 

Conder 1948, Elliott 1969) have failed to stite what 

definition they used and whether they included or 

excluded the dates o··f laying and hatching of the l ast egg . 

The latter could affect c a lculations by a full day. 

In general eggs hatched in the order laid but this 

was oft en difficult to determine . Time only permitted 

one observation per day for each nest and this meant 

that in many c ases the eggs had all hatched within the. 

24 hours preceding a visit. At Havelock North the 



incubat ion p eriod from the last egg l a id to the last 

egg hatched was 1 2 .2 days and from the first egg laid 

to the first egg hatched, 14.5 days . These figures 

were c a lculat ed from 62 n es t s obs erved daily from the 

time of construction through until all eggs h ad hatched . 

The day of l aying was i nc luded and the hatching day was 

included on l y up to the pre c edi n g half -day p eriod 

according t o the time of observation , i. e . if the 

observ a tion was in the morning t hen t he date of 

observ a tion was not i nc luded . If the nest was observed 

in the afternoon then the incubation period for the l ast 

e gg l a i d to the l as t egg h a t ched , included the day of 

l aying plus a ll intervening t ime up to 1200 hours on the 

day of hatching. If, as i s thought, the egg i s laid at 

06 .00 hours , then by not i ncluding or i ncluding only 

half of the hatching day the 12-1 8 hour surplus s o often 

inc luded was done away with . 

Middleton (1 965 ) gives the average incubation 

p eriod a t Monash over two breeding seasons as 1 3 .1 and 

1 3 .3 days resp e ctive l y and h i s measurements were a s 

accurat e as tbosa in this study . However , be did include 

~otb laying and batch ing d ays which would me a n that in 

New Zealand and Australia the incubation period is very 

similar. Conder (1948) gives a p eriod of 11.7 days for 

Germany and Elliott (196 9) approximately 12 days for 

United States . No measurements of attentiveness or 

inattentivene~s were made. 

As in other Goldfinch studies the female appeared 

to do all the incubating. On one occasion an extended 

incubating period occurred due to all eggs in the nest 
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being infertile . The female in this instance sat on the 

clutch for 21 days b e fore d eserting . Van Tyne and 

Berger (19 59) suggest tha t passerine birds tend to 

incub a t e about twic e th e n ormal period before they 

d esert their eggs . 

i x ) Nestling period 

107. 

The nestling period for any b ird is the time between 

hatch i ng of t he egg and l eaving the n est. As a l ready 

stated , the eggs normally hatched wi thin 24 hours and 

in the order in which they were l a id. Both Conder (1948) 

and Mi ddleton (1965) record hatching time per nest at 

23~ a n d 26 hours respectiv ely . Consequently a ll chicks 

in a nest are of a s imilar age . The tim e of v acating 

the n es t was a l s o often difficult to determine because 

of the problem of premature departure due to d i sturbance 

by the ob server . ~reasonable guide to t his was ob tained 

from plumage of the young birds . Undisturbed n estl i ngs 

u sually fl ew on the day following the loss of the ring 

of nata l down from t he head . The presence of this ring 

on birds l eaving the nest suggested premature d epartura. 

Calcul ation of the n estling p eriod a t Havelock North for 

the 1970-1971 season , where b oth hatching and flying 

days were included , was 14.0 days ( ran ge 1 2 -1 7 days) . 

The growth rates of each brood were recorded and 

the average deve lopment o f a Goldfinch nestling , based 

on results over the entire season, is shown in Figure 25. 

There was little difference in nestling develop~ent from 

broods rais ed in the early , mid or late periods of the 

breeding season, as a l ready indicated in Figure 15. 

Lack (1968) states tha t in broods of above the normal 
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mean size the young t e nd to weigh l e s s at fl edging but 

result s in Table 25 d o not s u pport hi s stat emen t . Ho wev er, 

t h e nu mb e r of b r oods above the normal s i ze was few . Re c ent 

i nformat i on h as s h own t hat in sever a l passerines , n ame l y 

the Great Ti t ( Royama 1 966) , t he House Sparrow and Tree 

Spa rrow ( See l 1 970 ), nes tlings i n l arger broods r eceive 

proportionat e l y l ess food than n es tlings in s ma ll er 

broods and t her efore gr owth r a t es should be correspond­

ingl y slower . Ho wever, b oth s tud i es h2.v e s ho wn t hat h eat 

lo ss i s f a r g r eat er fo r sma ll er broods t han f or l arge r 

ones and therefore more ma intenance energy i s required 

for smal ler broods . A~suming t hat nestling goldf i n ches 

in s ma ll e r broods a l s o re c e ive p r oportionat e l y more food 

t han t ho se i n l a r ger ones a n d tha t the i r mai ntenanc e 

e n er gy r equi rement s were a l s o h i gher , th i s wo uld expl a i n 

the n eglig i b le differe nce between the growth r ates of a l l 

t he broocls . 

In general, the r a t e of growth o f the nestl ing 

i n creased to day 7 and then dec reased to day 1 3 . During 

day 1 3 a nd 14 the r ate was simil ar. On d ay 14 which was 

the::av e r age fl edging dat e fo r t he n estlings , the av e rage 

we i ght was 1 3 .5 gr a ms , a pprox ima t e l y 88 p erc ent of the 

adult we i ght. This p e rc entage is identical with tha t of 

House sparrow nestlings over the same period (S.eel, 1970). 

The female brooded the young almost continuously 

during the first few days of the nestling period but as 

the young developed, broodiness waned and the female wa s 

rarely seen on the nest after about the eighth day. This 

appears to correlate closely with the development of the 

body temperature regulating mechanism which is rapidly 



Brood size 1 

Mean 
11 No. broods Wght. 

Day observed (grams.) S.D. 

2 1.2 0.28 

2 2 2.5 0.71 

3 2 4 .0 1.41 

4 2 4 .5 0 .71 

5 2 5.8 0.35 

6 2 6 .9 0 .14 

7 1 8.2 

8 2 8.7 1.62 

9 2 9.1 1.27 

10 2 9 .2 1.91 

11 1 12.5 -

12 1 12.0 -

13 2 13.0 1.41 

14 1 14.0 -

15 

TABLE 25 

Nestling weight in relation to brood size, (results from whole of 1970- 71 breeding season). 

Brood size 2 Brood size 3 Brood size 4 Brood size 5 Brood size 6 

Mean 
11 

Mean 
11 

Mean 
11 

Mean If Mean 
No. broods Wght . No. broods Wgh t. No. broods Wght . No. broods Wght. No . broods Wght. 

observed (grams.) S.D. observed (grams.) S.D. observed (grams.) S.D. observed (grams. ) S.D. observed (grams.) 

1 1.3 12 1.4 0 .26 11 1.3 0.22 25 1.3 0.22 1 1.5 

6 1.9 0 .33 19 1.8 0 .28 19 1.9 0.32 27 2.0 0.24 2 2.2 

6 2.9 0. 57 17 2.6 0.45 22 2.6 0.37 29 2.6 0.80 2 3.0 

5 3.7 0 .52 21 3.7 0 .62 22 3.7 0.46 25 3.9 0 .51 1 4 .6 

4 5.3 0 .86 20 4 .9 0 .78 24 5.0 0.65 3 1 5.2 0 .55 1 6.1 

4 6.1 0.96 23 6.5 0 .94 23 6.3 0.7 31 6.7 0 .66 1 8.1 

2 6 .6 0 .63 19 7.9 1.18 21 8.2 0.97 29 8. 1 0 .71 1 9.0 

3 8.3 1.22 18 9 .3 1.19 21 9.1 1.07 27 9 .3 1.01 1 9.5 

5 9 .8 1.14 19 10.6 0.97 21 10.4 1.26 27 10.7 1.00 2 11 .7 

4 10.9 1.35 19 11 .3 1.20 21 11 .2 1.26 29 11 .7 0 .97 3 12.1 

4 11.5 1.25 20 12.0 1.26 16 12.3 0.97 24 12.3 0 .93 1 13.2 

4 12.2 0 .89 14 12.3 1.36 18 12. 7 1.04 24 12.8 1.15 2 13.5 

4 12.4 0 .8 1 19 13.0 1.08 14 13. 1 1.08 21 13.3 0.97 2 14.1 

3 12.6 1.50 17 13.3 1.15 12 13. 5 0.87 17 13.7 . 0 .72 2 13.5 

5 13.3 0 .96 6 13.4 1.41 9 14.2 0.69 2 14.6 

S.D. 

0.28 

0.42 

0.14 

0.48 

0.25 

0 .85 

0.77 

2.47 

_.:, 
_.:, 

0 



d ev e loping i n the passerin e nestling from about the 

sevent h day onwards (Ro yama , 1966 ) . 

The wa ning of broodin g i n the . female brought a 

chang e in the fe eding pattern of the young . I n the 

earl y stages of the n es t l ing p eriod the mal e fed the 

female who in turn fed the young , but as broodiness 

waned the malG b e c ame more aware of the n estlings and 

began to feed t hem directly . Typ i cal ly the parent b i rd 

would stand on the rim of the nes t and r egurgitate its 

food into the gap ing mouth of the n est ling (Fig . 26) . 

Several young were f ed a t each visit and usually f eeding 

stimul ated defecation by the n es tling s immediat e l y they 

were fed . Faeces , produced in a ge latinous sac , were 

either c a rried off or eat en by t he parents during the 

early stages of the brood . As the n es tlings gr ew they 

devel oped t he typ ical h abit of mos t loung passerines , of 

projecting t heir v ents over the rim of the ne s t and 

depositing the f aecal pe l l e t s in that position . The 

build- up of f aeces around th e r im gave the nest a v ery 

soi l ed appearance , illustrated in Figure 26 . Conder 

( 1948) has tried t o explain this bui ld- up o f faeces 

around t he rim by postul ating that t he fema l e does n ot 

p erceive t he nes t a s a whole . The nes t lings hav e t o b e 

in t h e c u p and t h~ fae c es ei t her comi ng fr om t h e 

n estlings or i _n t he i ns ide edge of the cup to release 

s wa l l owi ng or removal (ib i d ) . I t b e c ame f a irly evident 

in this study t hat Conder ' s (1 948 ) explan a tion may not 

be entire l y co r r e c t and t hat t he pre s enc e of f ae c e s ma y 

simply r efl ect fir s tly , the drop in foo d v ~lue of the 

pellets to t he parent s and secondly , t he increase in 
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FIGURE 26 . Adult Goldfinch feeding nestlings . 





work lo ad of the adults , a s the brood gets older. 

Firstly, as already indica ted, fa e ce s of young 

n e stlings oft en contained l a r ge amounts of u ndi ges t ed 

seed and these provided a rea dy source of food for the 

h ard- wo r king parent. Field observ a tions indicated that 

faeces were e ither c a rri ed off or eaten by t he parent s 

during the earl y stages of the brood. However t he 

digestive abilities of the nestlings increased with age 

a nd an examination of p e ll e t s from older n es tlings showed 

that they n o lOD8er p r ov i d e d th e parent with a source of 

foo d . This would mean tha t as t he nes tling grew older , 

l ess numb ers of faecal pellets woul d be removed by the 

adults specifically f or their own die t re4uirement s and 

so the number o f pellets l eft at the nes t would increase . 

S econdly, field ob servations in t h i s study gav e the 

impressi on that the s iz e of the brood had some c orrelation 

with t he time when faeces f irs t appear ed on the rim. 

Resu lt s in Figure 27 show that there was an i nverse 

r e lationship b etwee n broo d s i ze and the age of the brood 

when faeces f irst appeared . Thi s relationship i s 

probably explained in t e r ms of wo rk load of parents . With 

young n e stling&. p re s ent sufficient time is available in 

all brood sizes to remove faeces but as the n es tlings 

grow the work load increases and ther e fore l ess time is 

available to keep the nest clean. Previous studies of 

altricial birds havff shown that the more young in the. 

nest the more frequent are the visitS:: of the parents 

(Moreau 1947, Gibb 1955). A. greater work loa d in larger 

broods should mean that faeces appear on the rim earlier 

in nests containing more chicks and results in Figure 27 
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confirm this . If this relationship between presence of 

faeces and work load is correct, results shown in 

Figure 27 would indicat e that the work loads of brood 

sizes 1 , 2 and 3 increase proportionately , but that the 

work loads of broods 3 to 6 were similar . Seel ' s (1970) 

work on the n estling House sparrow agrees with thi s . He 

found t hat as the rates of visiting frequency began to 

diverge the rates for broods of 1 to 3 increased almost 

proportionately , but there was no significant difference 

between the rates for broods of 3,4 and 5 young . There­

for e it seems that the presence of faeces at the nest rim 

is determined largely by the age of the nestlings in 

relation to their digestive abilities, and the si~e of 

the brood as it affects the work load capacity of the 

parents . 

x) Nest Defence 

Apart from mobbing displays, already mentioned , no 

other nest defence responses in the Goldfinch have been 

recorded by previous authors . However, in this study an 

unusual nest defence response was observed during 

hatching and the early part of the nestling period. This 

involved a ' mock injury ' display by the female when she 

was disturbed unexpectedly either while hatching was 

occurring or brooding very y oung nest l ings . The display 

involved dragging both wings along the ground and on all 

occasions c ontinued unt i l t he adult had dragged herself 

s ome nine metres from the nest site . One particular 

femal e , d i sturbed while the eggs were hatching , showed 

an a l most extreme f orm of t his behav i our . Both wings 

were dragged on the ground and the parent made a number 

115. 



of circling movements in front of the observe r as it 

moved away . The display was continued until the 

obs erver had followed the bird sev eral metres away f rom 

the nest s i te . 

It appeared that the response was t r i ggered as the 

eggs hatched and was strongest at this point . It 

di sappeared after the f ourth day of the nes tljng period 

and can probably b e exp l ained in relation to t he 

vulnerability of d i sturbed nestl ings to predators . Very 

young n estl ings up to about t heir fourth day in the nest 

produce the typ i cal begging action when d i sturbed . Older 

ne s tlings up to about th e twelfth day will crouch in t he 

n es t with heads down and remain still and quiet . 

Fl edglings will e i ther crouch or explode from t he nest in 

an endeavour to esc ape . Presumably young nestlings when 

l eft a lone in the nest are more vulnerab l e to predators, 

because o f their movement and pinki sh bare skin , than 

older f eathered nestlings which are cryptica lly coloured 

and crouch low i n the nest . It seems , therefore , that 

this r esponse by the parent functions to i ncrease the 

protection of the nest ling during it s most vulnerab l e 

p e riod to predators . This distraction di splay n ev e r 

occurred whe n the f emal e was frightened from a nest where 

the eggs had not h a tched . 

xi) Fledging(Chicks leaving the ne s t) . 
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Most observations i ndicated that fledging occurred 

in the morning and was observed several times . Each 

observ ed fl edging took plac e at approximately 10 . 00 hours . 

Several nestlings flew di r e ctly from the rim of the nest 



while others climbed out, clinging to n earby branches 

before they flew. All nestlings flew when the adults 

were near and on two occas ions t he fir st flight from the 

nest was to a parent in a neighbouring tre e . Food was 

r e ceived from t he parent immedi ately the fledgling landed. 

This may suggest t hat some nestlings were coaxed away 

from the nest, a suggestion which Middleton (1965) dis­

agrees with. Sharp calls were emitted by t he fledglings 

after they l ef t the nest and as soon as the parents came 

near the t ypica l begging posture was assumed. Contrary 

to Lack (1 968) , t he young se ldom l eft the nest to gether , 

a feature which occurred only when the chicks were 

disturbed and exploded prematurely. On most occasions 

chicks left the nest as soon as they were ab l e to fly 

and this meant that departure of the whole broo d was 

usual l y spread over one or two days. However, the fact 

tha t nestlings usually left immediate ly they could fly 

may have been the result of the amount of handling they 

received and/or the usual disturbances from the 

surroundings every day. In one nest which was concealed 

by a l arge amount of creeper, the oldest nestling did not 

leave immediate ly it wa s able, but flew with the rest of 

the brood two days later. 

Although chicks or parents were not marked it 

appeared that for the first week after leaving the ne s t 

the fledglings spent most of their time near the nesting 

site, but then as their flight powers increased they 

began to roam further afield . Fledglings could be easily 

found when the parents arrived to feed thBm . Loud 

begging c alls were emitted and the typical feeding 
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behaviour described by Conder (1948) was obs erved . 

Parents appeared to feed their fledglings for 

approximat e ly two to t hree weeks after leaving the nest . 

During this study a fledgling, which had just left the 

nest , was caught and placed in a small wire cage some 

50 metres from the nest site . The parents fed the 

young bird through the wire of the cage for the follow­

ing 16 days. For tb e f irs t three days the othe r three 

fled glings of the same brood remai~ed around the nest 

site and were a l so fed by the parents , but disappeared 

on the fourth day . Presumably t:t.ese three fledglings 

were killed by domest ic cats wb ich lived clos e by . 

Middleton (1965) suggested that the y oung became 

independent after about three weeks and Conder (1948) 

also considers a similar time is involved . Aft er 

b e coming independent, the fledglings (juveniles) formed 

smal l flock s which gradually increased through the 

breeding season . One flock of approximately 200 

juveniles was observed in mid-February 1971 . 

xii) Number of Broods 

A cons iderable number o f reference books indicate 

t hat the Goldfinch is double and even sometimes triple ­

brooded (Witherby et al , 1938; Bannerman ,1 953 ; Elliott, 

1969) . These assumptions are based on t he length of the 

breeding season and the discovery of l ate nests. 

At Havelock North, as at Monash , a t the v ery l east 

eight weeks were required to rais e a brood successfully. 

Taking the breeding season as beginning in mid-October 
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and finishing in late February , the rearing of two or even 

thre e broods was therefore within the capabilities of the 
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Goldfinch. However, becaus e bi~ds were not banded or 

marked it was impos s ible to d e termine the number of broods 

rai sed by any one pair and only impressions gained during 

this study can be r ecorded. 

On fiv e occas i ons p revious n esting trees were u sed 

a gain some t h r ee we eks after chicks had fl e d ged . Because 

breeding birds were not marked it was difficult to 

determine whe ther the pairs were the same parent s as the 

previous ones but t here i s tb e po ssibility tha t several 

of these were genuine second broods . Middleton (1 965) 

ha s shown that at Monash birds came into breeding 

condition at v a r y i ng times of the breeding season and 

were capable of breedin g for only a restricted par t of 

tha t season and he suggests tha t only one bro od was 

rais ed in Australia. Further research i s n eeded in New 

Zealand before any definite c onclus ions can be drawn. 

xiii) Nesting Su c c ess 

Several sources of bias can af f ect an ana l ys is of 

n esting success . The inclu s ion of n ests found in an 

a dvanc ed stage bias the sample in favour of success . 

Nests found are also those most likely to be found by 

predators and therefore to fail (Newton,1964). However, 

together these two, to some extent, balance each other 

and so possibly bias w~s largely avoided. 

Table 26 shows that tbe total ne s t production for the 

1970-1971 breeding season was 278 chicks which flew from 

159 nests, a mean of 1.7 chicks p er nest. Also both 

Tables 26 and 27 indicate that the overall production per 

nest declined as the breeding season advanced. This can 

possibly be explained by facts already mentioned that in 



TABLE 26 

TOTAL NEST PRODUCTION FOR THE 1970-1 971 
BREEDING SEASON . 

Time of No.of No .of No.of Chicks 
Season nests successful fl ew/nest 

l a id in chicks 

Early (Oct . 
18-Nov.26) 

36 79 2 . 2 

Mid (Nov. 87 153 1. 8 
27-Jan . 15) 
Late (Jan. 36 46 1. 3 
1 6-Feb.16) 
Who l e of 1 59 278 1.7 
Season 

TABLE 27 

RELATIONSHIP BETWEEN NESTING SUCCESS AND 
TIME OF LAYING . 

Month nes ts Successful Unsuccessful 
b egan 

October 4 1 
November 20 18 
December 31 27 
J anuar y 18 28 
February 5 7 
Total 78 81 

TABLE 28 

FLEDGING SUCCESS FOR ALL EGGS LAID . 

Season Total Total Percentage 1.rotal 

Percent 
Success 

80 . 0 

52 . 6 

53 . 4 
39 .1 
41. 6 

49 .0 

Percentage 

120. 

eggs eggs eggs young young fledged 
laid ha tched hatched fl edged from eggs laid 

1970-71 638 470 . 73.0 227 35.6 



mo s t species the older mor e experienced birds are 

usually first to breed and l ay l arger clutches than 

t hose bre eding f or the first time . Evidence supports 

the vi ew tha t y ounger individuals find it harder than 

older birds to raise youn g (La ck , 1968) and so i deally 

t here should be a decline in nest production as the 

breeding season progresses . However o ther factors such 

as rai sing of seconf and third. broods can c omplicate 

thi s trend., but as a lread y mentioned , no c onclusi·ons can 

be_ drawn on tbe number of broods attempted a t Havelock 

North . 
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Fledging succ ess (Table 28) was approximate l y 10% 

higher tha n at Monash (Middleton ,1 965) and it appears 

according to Midd l eton ' s acc oun t , tha t inclement weather 

was r esponsible f or a higher ne s t fai l ure . Causes of 

nest failure in this study are discussed lat er on . In 

t erms of ha·tching success and flAdging s ucc ess, clutch­

s i ze six was t he most successful (Tab l e 29) . Also brood­

size six produced the most surviving young per brood 

( Tab l e 30) . Lack (1968 ) has defined optimum clutch- s i ze 

in an altricia l spe cies as the number of eggs which , as 

a result o f natural se l e ction , corresponds with that 

b r ood-size from which , on average, most surviving young 

are produc ed . The limit normal ly being set by the amount 

of food that the parents can collect for their nestlings. 

He recognises that l arger clutch sizes oft e n do produce 

more fled glings p er clutch but gets around this by saying 

t hat in broods of ab ove the normal s i ze the young tend 

to weigh l ess at fledging , and to survive l ess well 

after fledging than in broods of normal size . Survival 

rat es of fledglings were not measured a t Havelock North 



Clutc h 
size 

3 

4 

5 

6 

Total 

Initial 
brood size 

b/1 

b/2 

b/3 

b / 4 

b/5 

b/6 

Total 

TABLE 29 

FLEDGING SUCCESS IN WHICH A FULL CLUTCH WAS LAID . 

No . of ·Total No . Percentage Num;)e r % % eggs 
Clutches eggs h a tche d e ggs successful Chicks successfu l 

l a id h a tche d chi cks flew (flew ) 

11 33 23 6 9 . 6 1_8 78 . 3 54.5 

29 116 78 6 7 . 2 40 51.3 3t.. 5 

77 385 292 75 . 8 129 44 .2 33.5 

16 96 77 80 . 2 40 51. 9 41 . 7 

133 630 470 74 . 6 22 7 48 .3 36.0 

TABLE 30 

THE NUMBER OF NESTLINGS WHICH FLEDGED IN ALL BROODS OF GOLDFINCHES INCLUDING 
TOTAL BROOD FAILURES 

Number Number of 
of broods young hatc hed 

1 1 

5 10 

25 75 

28 112 

48 240 

4 24 

111 462 

Tot-a l 
number 

1 

3 

42 

51 

117 

11 

225 

Youn g fledged 

Perc enta ge 

3 0 . 0 

56 . 0 

45 . 5 

48 . 8 

45 . 8 

48 . 7 

Nu mber 
chicks / 
flew/ 
clutch 

1 . 6 

1. 4 

1. 7 

2 . 5 

1 . 7 

Number 
per brood · 

0 . 6 

1. 7 

1.8 

2 . 4 

2 . 8 

2 . 0 

~ 

f\) 
f\) . 



but growth rates and weights of fledglings in brood­

size six were slightly higher than thos e in the smaller 

clutches (Table 25). This suggests a higher subsequent 

survival rather than lower as postulated by Lack. 

Taking a ll lo sses durin~ the nestling p eriod into 

account, the Goldfinch at Hav elock North reared an 

average of 2 .0 young per brood and 49% of all young which 

hatched . About 4'1 percent of all broods which hatched 

failed to survive the nestling period . Approximately 36% 

of all eggs l a i d produced fledged young . 

xiv) Causes of Failure 

Almo st 5'1 percent o f the nests which were l aid in 

failed to produce any y oung to the f l edging stage . Also 

a lar~e number of nests were e ither deserted or destroyed 

before being laid in which suggests that a much small e r 

perc ent age of nests which were initially commenc ed were 

actually successful in rearing y oung . 

Causes of failure c an be best discussed in relation 

to the stage that failure occurred ; i. e . whether a t the 

nest building stage, during laying/incubat i on , or during 

the nestling period. 

A number of nests failed during construction and it 

appeared tha t the breeding pair were most easily 

disturbed at this time . Quite often the foundation and 

cup of a nest was built and then the birds would reject 

the nest site and build somewhere else. On one occasion 

a nest half-way through construction was deserted and 

then completed and laid in two weeks later, presumably 

by the same parents. 

Material from nests only partly constructed was 
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1 24 . 

often carri ed a way by the breeding pair to a new nest 

site and other species may have also us ed thi s readily 

available nestling material. Conder (19L~8) obs erved a 

Greenfinch stealing material from a partially constructed 

Goldfinch nest and h e considered this to be the cause of 

d esertion . Middleton (1965) attributed egg damage to the 

Greenfinch at Monash and he states that the Greenfinch 

was commonly found interferring with Goldfinch nests, 

presumably as a result of t erritorial disputes . A number 

of greenfinches were breeding in the two orchards used in 

this study and although n o actual nest stealing or damage 

was ob served it is possible that they contributed to some 

nest failur e s . Observer ' s act iviti es close to the nest · 

during this stage before egg l aying , appeared to cause 

the failure of at least three nests . 

Failure during l aying and incubation was quite high. 

As indicated in Table 28 , o n ly 73 percent of the total 

eggs l a id actually hatched. Tab l e 31 lists the causes 

of failure during this stage. Predation accounted for 

almost half of the failures and a l though no eggs were 

ob serv ed being taken several s i gns would indicate that 

preda tion had taken place. Usually t he nest was ruffled 

and bits of egg shells were present. Nest lining was 

often s tained with y olk (Fig . 28 ). 

Eggs that fai l ed to hatch were e ither i nfertile or 

contained dead embryo s . Altogether there were 38 n ests 

in which some or all eggs failed to hatch and usually 

this involved only one egg out of a full clutch. On 

only two occas ions did an entire clutch fail to hatch. 



FIGURE 28. Predated Goldf inch nest showing 
egg remains. 

FIGURE 29 . Dead Goldfinch nestling showing 
predation marks made by a Magpie. 
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Causes of 
failure 

Predation 

Failed to 
hatch 

Eggs lost 

Des ertion 

Weather 

TABLE 3"1 

CAUSES 0:31 NEST FAILURE DURING EGG­

LAYING AND INCUBATION . 

No.of Percentages 
Eggs 

78 46.4 

56 33-3 

13 7.7 

12 7.1 

9 5.L~ 

No.ne s ts 
affected 

21 

38 

8· 

3 

3 

I n both cases , the clutches were deserted after 

incubation had continued for approximately 20 days 

after which the eggs were examined and found to be 

infertile . Desertion during laying and incubation 

only occurred on three occas ions and may have been the 

r esult of interference from predators or death of e ither 

or both parents. In general parents were reluctant to 

l eave their nest sit~ onc e egg-laying had commenced . 

Weather was not an important cause of nest fai lure. 

at Havelock North. At Monash, Middleton (1965 ) records 

that nests were frequently blown out of trees during 

strong winds . At Havelock North only one nest was blown 

from its site and on one other occas ion the branch of . 

the tree containing the nest was snapped as a result of 

strong winds. Heavy rain caused the failure of another 

nest. The compacted lining prevented the water from 

seeping through and the nest containing two eggs 

remained full of water for several days. It appeared 
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that the heavy rain had prevented the female from 

beginning incubation which allowed the nest to fill with 

water. 

In eight nests either one or two eggs went missing 

during incubation. This unexpl a ined egg los s is known 

to most ornitholog ists and remained as such during this 

study. Presumably a predator was involved. 

Causes of f a ilure during the nestling period are 

shown in Table 32 . Approximat e ly ~-8 percent of the 

chicks that hatched ac tually flew and over 80 percent of 

chick deaths were due directly to predation . Signs of 

predation were not hard to find but the identity of the 

predator was . On two occasions a Magpie (Gymnorhina 

tibicen) was disturb ed while eating half - grown nestlings 

and on another occas ion ne stling s were killed by a 
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Magpi e and left at the nest site . Figure 29 shows the 

predation marks on one of the dead chicks . Thomson (1922) 

mentions the Kingfisher (Halcyon sancta) as a predator on 

y oung Goldfinch nestlings in New Zealand and on several 

occasions during t h is study a Kingfisher was observed 

perching on wires close to Goldfinch nests which bad just 

~een destroyed . The Australasian Harrier (Circus 

approx imans) was a frequent visitor to one of the 

breeding orchards, block B , and was probably responsible 

for several nest failures . On two occasions after a 

Harrier had visited the area , only the : foundation material 

of a nest was left at the nest sit e , the r est of the nest 

and its contents having disappeared. Bull,P.C . (pers. 

comm.) has on one occasion found a completely intact 

Goldfinch nest at a Harrier nest site and so it seems 



likel y that the observed Harri er i n Bl oc k B was an 

a ctive predator . No harri ers or nest di sappearances 

wer e observed i n b l ock A. Other potential predators 

present were the Myna (Acridothe res tristis) , Green­

f i nch (Chloris chloris), brown rat (Ratus norvegicus) 

a nd the domestic cat (Felis dome~;ti cus) . 

TABLE 32 . 

QAUSES O:B' rrn~: T FAILURE DURING 

THE NESTLING PEHIOD . 

Causes of No . of Percentage 
fai l ure chicks 

Predation 21 1 81 . 8 

Desertion 5 1 . 9 

Retarded 4 1. 6 
devel opment 

Nest structure 1 3 5. 0 

Mi scellaneous 25. 9 - 7 

No . nests 
affe cted 

53 

1 

3 

4 

1 5 

Fau l t y nest structure was the cause o f fai l u r e i n 

four nest s containi ng young chicks . Two of the nests 

wer e built on a slant and as the young chicks began to 

move about they soon toppled out of t he nest and died 

on t he ground . A t h ird nest wi th only a parti a lly bui lt 

rim was l a i d i n and as soon as t he eggs hatched the 

you ng c h i c k s fell ont o t he grou~a . The f ou r th nest f e ll 

apart before the chicks wer e r ead y to fly with r esultant 

death to the whole brood . 
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Several nestlings died as a direct result of over­

crowding at n est sites. On two occasions when the nest 

failed to stretch sufficiently to a ccommodate the growing 

nestlings , one chick from each nest was crowde d out . This 

may well h ave happened at other nests especially if all 

eggs in the clutch had hatched . Holc omb (1969 ) mentions 

a similar situation in the Am erican Goldfinch (Spinus 

tristi s) and s uggests that the construction of a n es t 

that can expand probab l y plays an i mportant part in the 

success of mo st n ests . 

Other c auses of failure included unde r the term 

' mi scellaneous ' in Tab l e 32 were d eath due to trampling , 

and human a ctivity which caused 5 nestlings from one 

brood to explode from the nest before they could fly. 

Several nestlings exhibiting anoma lous growth were 

found on th e ground und e r the nest and these could have 

b een thrown out by the p a r ent birds . Strokov (1 968 ) 

obs8rved adults removing nestlings exhibiting abnorma l 

growth in sev eral passerines . 

Generally , nestling success at Hav e lock North was 

fairly similar to studies of the same species elsewhere . 

Middleton (1 965 ) recorded that 25 .8 percent young 

f l edged from all eggs laid and Elliott0969) indicates 

that nest predation was often high at Massapequa . Lack 

1 954 , Nice 1964 , Holc omb 1969, s -eel 1970 , . and Ro seberry 

and Klimstra 1970 , all i ndicate high nest failures as a 

result of predation in other altricial open- nesting 

species . 

( 
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CHAPTER V 

SUBSPECIFIC STATUS OF THE GOLDFI NCH 

IN NEW ZEALAND . 

A great deal of controversy exists over the s ub ­

specific status of the New Zealand Go l dfinch . As a l ready 

stated , Thomson ( 1922) records that the Go ldfinch was 

first introduced into New Zeal and by the Nelson 

Acclimatization Society in 1862 . Presumabl y the birds 

came from Great Britain and would , therefore , belong to 

the British subspecies Carduelis c arduelis britannica . 

However, Moncre i ff (1 931 ) has suggested that since t he 

Germans were to t he fore as bird exporters a t that time , 

the New Zealand Goldfinch is more like l y to b e long to the 

Continent a l subspecies C. c.carduelis . Recently Ne i thammer 

(1 971 ) has used wing and tail measurements to prove the 

New Zealand bird stems from the British stock. Measure ­

ments from specimens samp l ed in this study have been 

compared with t hose of both Great Britain and Germany . 

5.1 METHODS 

Bill length measurements were recorded for all 

goldfinches sampled in the stomach anal ysis section of 

this study . Wing measurements were taken from 75 birds 

samp l ed during May and June 1969. Methods o f both bill 

and wing measurements followed t h ose summaris ed by Gurr 

(1947). All measurements were taken with v ernier calipers 

accurate to 0.01 mm . 

5.2 RESULTS AND DISCUSSION 

Tabl e 33 and 34 indica te the bill l ength and wing 
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measurements respectively of the Goldfinch . Bill length 

measurements cannot be compared statistically because 

Newton (1967a) provides no standard deviation f i gures . · 

However, on an average the measurements of the Gold­

finch bill at Havelock North are 0.8 mm and 0 . 5 mm 

shorter for male and female birds r espective ly. When 

t he wing measurements are compared there i s a signjficant 

difference between both Great Britain and Havclock North 

birds and Germany and Havelock North birds (p< 0 . 001 , · 

Appendix 3) . 

Therefore it seems evident that change has taken 

place since the bird was i ntroduced . Middleton (1965) 

suggests that signs of morphological change may already 

be. appqrent in the Goldfinch in Australia which was 

introduced to the Austra lian mainland even later than 

in New Zealand . Johnson and Se l ander (1964) have found 

that th~North American house sp~rrows already differ 

morphologically from t h2i~ ancestral European stock 

approximately only 100 years after their introduction . 

That change has taken place in the New Zealand Goldfinch 

appears certain and therefore its subspecific status 

must remain in doubt . 
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TABLE 33 

BILL LENGTH OF THE GOLD~INCH (In each case 
the range of values given in parenthesis) . 

Place Sex Number Mean length 
measured (mm) 

• Southern t 79 12.4 (10.5-14 . 0) 
England 

~ ( 9-5-12.0) 38 11 . 3 

Havelock ! North,New 198 11. 6 (10.0-13.0) 
Zealand 

i 156 10.8 ( 9-5-12.0) 
• Newton (1967) P . 65 

TABLE 34 
WING MEASUREMENTS OF THE GOLDFINCH . 

Place Sex Number Mean Range 
measur ed (mm) 

• New s 20 77-55 75-79 
Zealand 

~ 11 76.18 75-77 

• Great c? 24 77.79 75-80 
Britain 

~ 6 75.00 73- 78 

Germany i1 43 79 . 44- 77- 82 

~ 22.. 76.55 74-78 

Havelock ? 40 76.40 71-80 
North,New 

f Zealand 35 72.66 69-76-5 

• Neithammer (1971) P . 215 
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0.52 

o. 51 

S. D. 

1.7 

2.64 

1 . 1~7 

1. 8 

1.55 

1.44 

1.97 

2.26 



SUMMARY 

1. The feeding ecolo gy and breeding biology of the 

European Goldfinch, Carduelis carduelis , was 

studied at Havelock North , New Zealand , between 

May 1969 and April 1971. The histo~y of the 

Goldfinch in New Zealand was briefly revi ewed . 

The species was introduc ed in 1862: and in just 

over 100 years has become well established i n both 

the North and South Islands and most of the out­

lying land areas . 

2. The feeding behaviour of the bird was ob served 

and flocking as a social phenomenon was discussed . 

In the New Zealand Goldfinch the primary function 

of flocking is probably connected with a more 

effic i ent exploitation of an unevenly distributed 

food supply. 

3. Food of the adult Goldfinch was determined by 

field ob servation and the analysis of crop and 

proventriculus contents . A tot a l of 6,467 birds 

were ob served feeding in the field between August 

1969 and April 1970. The stomach analysis 

involved 342 birds and samples were taken for each 

month of the year. Field observations did not 

record as wide range of food types as the stomach 

analysis. Weed seeds were the predominant food 

source. 
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4. The seasonal change in the adult diet can be 

briefly summarised as follows. From March until 

the end of August Amarant''.1us retroflexus was 

predominant and then was r eplaced by Poa annua for 

all of September. During October P.annua and 

Erodium cicutar ium formed the bulk of the diet 

while Carduus tenuiflorus predominated during 

November and December. Both C. t enuiflorus and 

Cirs ium lanc eo latum shared d ominance in January and 

then C.lanceola tum dominated during February. 

A.re trofl exus again became available in March. 

5. Small quant i ties of insec t material were eaten 

throughout most of tb e y ear. Aphids were the most 

common. CGrtain foods did appear to be preferred 

by the adults and factors indicating food preference 

were discussed . 

6 . A. slight difference in the diets of the two sexes 

was observed when thistle seeds and other readily 

available food seeds were present . Bills of males 

were, on an average , 0.8 mm longer than females 

which may have enabled them to utilise the thistle 

supply more efficiently . 

7. In the summer season it seems probable that gold­

finches consume approximately 1.6 gm of seed per 

day and increase during the colder winter months. 

Throughout most of the year males averaged 0.75 gm 

heavier than the females and body weights showed 

some reflection on fo od resources present through­

out the year. 
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8 . The d iet of Goldfinch nestlings was investigated. 

The food was examined by direct observation 

through the transparent skin of t he neck and 

identifications and accuracy were checke d by 

examining 22 nestlings in the laboratory. Also 

cont ents from older ncstlings were sometimes with­

drawn from the gullet using a small plastic tube 

attache d to a 1 cc syringe . A total of 3 , 316 

nestling diet obse r vations were made and the 

percentage frequenc y occurrence and percentage 

composition by volume of food for each day during 

the nestling period was calculated. 

9 - Animal prot~in formed a much greater percentage of 

the young chicks diet and the proportion of inverte­

brates given declined with increasing age of the 

young . Significant difference s in the percentage 

animal protein fed to nestlings d id not produce any 

significant difference in growth rates of broods 

conc erned . The dietary pattern of t he ncstlings 

chan~ed as the breeding season progressed but the 

percentage of animal and veget able material fed to 

them remained fairly constant . 

10 . Experimental work was carried out to investi gate 

t he process involved in sel ection of food for the 

young . Results confirmed Newton ' s 0967a) ideas 

that , in those spec i es which give fewer inverte­

brates t o their young as they get ol der , this was 

a direct response t o the appearance of the young 

t hemselves . 
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11 . Two crop damage reports were carried out to 

ascertain how much damage the Goldfinch was 

causing to strawberry crops and fruit buds on 

pear trees . A stomach analysis carried out on 

b i rds shot on 12 hectares of strawberri es showed 

that house sparrows, goldfinches and skyl arks 

were re s ponsible for seed picking of the fruit 

and that the greatest amount of damage was done 

in that order . Thrushes , blackbirds and mynas 

were important fruit eaters . A correlation was 

found for the Goldf inch between the peak period 

of damage and i nterval between t he ending and 

beginning of two main food types . Bi rd damage 

over a 20- day period was estimated at $2 , 092 . 32c . 

Forty - two goldfinches were shot i n an orchard 

where h e avy pear bud damage was occurring and 

contents of the crop, proventriculus and gizzard 

were analysed in the laboratory . No s i gn of fruit 

buds were found in any of t he b i rds . 

12 . The start of the breeding season was marked by the 

break-up of winter flocks . Nesting took place 

between mid- October and earl y March . Nests were 

mainly built in fruit trees and territorial defence 

was confined to the nesting tree once the eggs were 

l aid . Several loose breeding colonies were found . 

Clutch size at Have lock North was 4 . 7 and the 

incubation and nestling periods averaged 12.2 and 

14.0 days r espective l y . There was little differenc e 

in nestling growth rates from broods r a ised in the 
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early, mid or late perioGs of the breeding season. 

In general, the rate of growth of the nestling 

increased to day 7 and then decreased to day · 13. 

During day 13 and 14 the rate was similar. On day 

14 the average weight was 13.5 gm , approximately 

88 percent of the adult weight . Only 49 percent 

of the nests in which eggs we re l aid produced 

fledglings . Predation accounted for most ne s t 

failures. 

13. The pres ence of faeces at the n es t rim appears to 

be determined largely by the age of the nestling s 

in relation to their d i gest ive abilities and the 

size of the brood as it affects the work load 

capacity of the parents. 

14. Nest d efence displ a ys b y the female were observed 

when she was disturbed unexpectedly either during 

hatching or brooding v ery young ne s tlings . 

15. The subspecific status of the Goldfinch in New 

Zealand was investigated . Wing and bill l ength 

measurements indicate that change has taken place 

since the bird was introduced and therefore its 

subspecif ic status remains in doubt. 

137 _ 



ACKNOWLEDGEMENTS 

I wish to expr ess my gratitude and appreci ation 

to t he Ecol ogy Division , D. S . I . R. , for giving me the 

opportunity of undertaki ng this stu dy while being 

employed in the Division . All costs were met by the 

Ecology Division for which I am most grateful . My 

thanks are also due to Mr L . Gurr , Mas sey University , 

for encouragi ng me to begin this study and for h i s 

v a luable supervision and advice throughout the entire 

work . Also during much of the field work I was ab l y 

assisted by Messrs . R.Porter and P . Dilks of the Eco logy 

Division , Havelock North - my grateful thanks to y ou 

both . I also want to thank Mr J . Crai g for his criticism 

o f this manuscript during its preparation . 

My appreciation is also extended t o Mrs S . F . Rabone 

f or typing t his thesi s . 

Above all others I wish to acknowledge in writ i ng 

the help of my spiri tual F~ther , God , creator of the 

birds I have studied . I wish t o t hank Hirn for the joy 

He has given me, while undertaking this study , through 

the .. i ndwelling presence of His Holy Spirit . 

138. 



REFERENCES 

ALLEE, W. C. 1 938 . The Soc i al Li fe of Anima l s . Norton 
a nd Co . , New York . 

BANNERMAN , D. A. 1953 . The Birds of t he Bri t i sh I s l es . 
Vol.I. Ol i ver and Boyd : Edinburgh and 
London . 

BEEBE , W. 1 947 . Avi an mi grat i on a t Rancho Grande in 
no rthcentr a l Venezuela . ZQolog i ca 32 
1 53-1 68 . 

BRITTON, E . B. 1970 . Co l eoptera in The Insec t s o f 
Au s t ral ia : 495- 621 Melbourne Uni v . Press . 

BULL , P . C. 1970 . Bi rd Di stributi on - A New Mapping 
Scheme . Notornis 17 : 231-235 -

BULLER , W. C. 1888 . A history of the birds of New Zea l and . 
Second Edit ion . London . 

BUXTON ,J . 1950 . The Redstart . London. 

1 39 . 

CAMPBELL , P . 0 .1 970 . Food- habit analys i s and some e c o l ogy 
of t he European Goldfinch Carduel i s cardueli s 
at Have lock North , New Zeal and . Unputil . D. S . I . R. 
Work Report, Ecology Div . 

CONDER , P . J . 1948 . The Breeding Biology and Behaviou r 
of th e Continenta l Goldf inch Carduel is 
carduelis carduelis . Ibis 90 : 493 - 525 . 

CROOK ,J. H. 196 5 . Adaptive signif i canc e of av i an s oc i a l 
organis a tions . Symp . Zool . Soc . Lond. . ·14 : 181-
21 8 . 

DAVIS , E . A. 1955 . Seasonal changes i n the energy bal ance 
of Engl ish Sparrows . Auk 72 : 385- 411 . 

DAWSON, D. G. 1967 . Bir d damage to Haw l ey ' s s t rawberry 
crop . Unpub l . D. S . I. R. Work Report , Ecology Div . 

and P. C. Bu l l , 19 70 . A qu estionn a i re s u rvey 
of bird d a mage to fruit . N. Z. J . Agr . Res . 1 3 : 
362-- 371 . 

DUNNET , G. M. 1 9 55 . The breeding of ·the s tarling Sturnu s 
vulga r is in r e l a tion t o its f ood supply . 
Ibi s 97 : 619 - 662 . 

EBER , G. 19 56 . Ver gleichende u n t e r s uchungen · ub e r die 
erna r h r ung e iniger Fink envc>"g e l. Biol . Ab h . 
13/ 14 : 1 - 60 . 

ELLIOTT , J . J . 1969 . Eur op ean Goldf inch, Carduel i s 
car dueli s . A. C. Bent ' s Life Hi s t or i es of 
North America n Fringi llidae . Bull . U. S . natn . 
Mus.2 37 : 384 - 397 -



FJTTE~, R.S.R. 1945. Londo n 's Natural History. Collins, 
London. 

FRITH,H.J. 1957. Clutch Si ze in the Goldfinch. Emu 57 
287-288. 

GIBB, J.A. 1955 . Feeding rates of great tits. Br.Birds 48: 
49-58. 

and M. M.BETTS , 1963. Food and food supply of 
nestling tits (Paridae) in Breckland pine. 
J. Anim.Ecol. 32 : 489-533- · 

GURR,L. 1947. Measurements of Birds . N.Z.Bird Notes 2 : 
57-61. 

HAMILTON,W.J. and W. M. GILBERT,1969. Starling d i spersal 
from a winter roost. Ecology 50 : 886- 898 . 

HARPER,G.M. 1969. Goldfinch feeding he.bits in the south 
Christchurch re g ion. Unpubl . B. Sc . (hons .) 
project,Univ.of Canterbury,N.Z. 

HARTLEY,P.H.T. 1948. The assessment of the food of birds . 
Ibis 90 : 361-368. 

HAUKIOJA, E . 1969 . Weights of Reed Buntings (Emb eriz a 
schoeniclus) during Summer . Ornis fenn. 46 : 
13-21. 

140. 

1970. Clutch size of the Reed Bunting 
Emb eri za schoenic lus. Ornis fenn . 47 :1 01 -1 35 . 

HEYDWEILLER , A. M. 1935- A Comparison of Winter and Summer 
Territori es and Seasonal Variations of the 
Tree Sparrow (Spizello a .arborea). Bird­
Banding 6 : 1-11. 

HILGENDORF,W. 1967. Weeds of New Zealand and how to 
eradicate them. Whitcombe and Tombs Ltd., 
Christchurch , N. Z . 

HINDE,R.A . 1952~ The behaviour of the great tit (Parus 
major) and some other related species. 
Behaviour Suppl.No . 2 . 

HOLCOMB,L.C. 1969 . Breeding Biology of the American 
Goldfinch in Ohio. Bird- Banding 40 : 26-44. 

HORN,H.S. 1968. The adaptive significance of colonial 
nesting in the Brewer ' s blackbird (Euphagus 
cyanocephalus ). Ecology 49: 682-694. 

JOHNSTON,R.F. and R.K . SELANDER,19GLJ-. House Sparrows : 
Rapid Evolution of Races in North America. 
Science 144 :548-550. 



141. 

KEAR ,J.1 962 . Food s e l e ction in Finches with spec i al 
reference to i nterspecif i c d i fferences . 
Proc . zool.Soc . Lond.138 : 163- 204 . 

KENDEIGH , S . C. 194-9 . Effect of temperature and season on 
energy r esources of the English sparrow. 
Auk 66 : 113-127 . 

and G. C. WEST ,1 965 . Caloric values of plant 
seeds eaten by birds . Ecology 46 : 553- 555 -

KESSEL ,B. 1957. A study of the breeding biology of the 
European Starling (Sturnus vulgaris) in 
North America,. Amer . Midl.NRt . 58 : 257 - 331. 

KINSKY , F . (ed .) 1970. Ahnotated Checklist of the Birds 
of New Zealand. A. H. and A. W.Reed , Wellington . 

KLUYVER , H. N. 1951. The population e cology of the Great 
Tit , Parus ~ . major L .A~dea 39 : 1-1 35 -

KORODI,G.J. 

1961. Food consumption i n re l ation to 
hab i tat in breeding chickadees. Auk 78 
532-550. 

and Z. NAGY ,1 965/66 . (Nutritional requirements 
of birds mai ntained at d i fferent t emperatures ) 
(in German). Zool.Abh . Staatlmus Tierk Dresden 
28 : 113-1 25 . 

KORSCHGEN , L . J . 1969 . Procedures for food-babi-~s analyses. 
Wildl . Mgrnt.Techniques : 225- 233 -

LACK , D. 1 940 . Pair Formation in Birds . Condor 42 : 269-
286 . 

1 945 . The Galapogos finches : a study in 
variation. Occ. Pap . Cal if . Acad . Sci . 21. 

1 947 . Significance of Clutch-size. Ibi s 89 
302- 352 . 

1954-. The::: Natural Regulat ion of Animal Numb ers . 
Oxford Univ . Press , Londo11 . 

1966 . Population Studies of Birds . Clarendon 
Press,Oxford. 

1968. Ecological Adaptat ions f or Breeding in 
Birds. Methuen and Co.Ltd. 2London. 

LONG, J.L. 1970. The European Goldfinch in West ern 
Australia. J.Agric. West . Aust 11 : 152-154. 

McILHENNY,E.A. 1937. Life history of the bo a t-ta iled 
grackle in Louisiana. Auk 54 : 266-280 . 

MARTIN,A.C., GENSCH, R. H. and C.P.BROWN ,1946. Alte rnative 
methods in upland gamebird food analysis . 
J.Wildl.Mgmt. 10 : 8 -1 2 . 



MIDDLETON, A.L. A. 1965 . The ecology and reproductive 
biolo gy of the European Goldfinch . Carduelis 
carduelis near Me l b ourne,Victoria . Unpubl . 
Ph . D. Thesis , Monash University , Australia . 

1970 . Foods and fe eding hab its of the 
European Goldf i nch near Me lbourne . Emu 70 
12-1 6 . 

MONCREIFF , P . 1 931. Certain Introduc ed Birds of New 
Zealand . Emu 30 : 219- 224 . 

MOREAU , R. E . 1947 . Relations between number i n brood , 
f eeding- rate and nestling period in nine 
species of birds in Tanganyi ka Territory . 
J. Anim.Ecol. 16 : 205- 209 . 

MORLEY , A. 1953 . Fie l d observat ions on the biology of 
t he Marsh Tit. Brit . Birds 46 : 233-238 , 
273-287, 332-346 . 

MORRIS , D. 1955. The seed preferences of certain finches 
under controlled conditions. Avie.Mag . 61 
271 - 287 . 

MORSE , D. H. 1 970 . Eco lo gical aspec t s of some mixed­
species foraging flocks of b i rds . Ec ol . 
Monogr. 40 : 11 9 -1 68 . 

MOYNIHAN,M . 1 962 . Thee' orgnnisation and probab l e 
evolut ion of some mixed spec i es flocks of 
n e otropical b i rds . Smiths . Misc . Coll . 143 
1-140. 

NEWTON , I . 1964 . The breeding biology of the Chaffinch . 
Bird Study 11 : 47- 68 . 

1967a . The adaptive r adi ation a nd fe eding 
e cology of some British finch e s . Ibis 109 
33-98 . 

1967b . Fe eding ecology of the Bullf inch in 
Southern England . J.Anim.Ecol. 36 : 7 21-744 . 

NICE,M.M.1939 . Territorial Song a nd Non -Territorial 
Behaviour o f Goldfinche.s in Ohio . Wilson 
Bull . 51 : 123 . 

142. 

1964. Studies in the Life History o f the S on g 
Sparrow . Vol.I. Dover Pub lication : New York . 

NIETHAMMER ,G.1 970. Clutch Si zes of Introduced European 
Pas s eriforme s in New Zealand . Notorni s 17 
214-222 . 

1971. Zur Taxonomie europaischer, in 
Neuseeland e ingeourgerter Vo gel. J.Orn.,Lpz. 
112: 202 - 226 . 



OLIVER , W. R. B. 1955 . New Zealand Birds . Second Edition. 
A. H. and A. W.P.eed , Wellington . 

ODUM, E.P. and J.L . MAJOR , 1956. The effect of diet on 
photoperiod-induced lipid deposition in the 
Whi te- throated Sparrow . Condor 58 :222- 228 . 

PETERSON ,R. T., MOUNTFORD , G. and P.A . D. HOLLOM, 1954- . 
A Fi eld Guide to the Birds of Britain and 
Europe .Riverside Press,Cambridge . 

14-3 . 

ROSEBERRY ,J. L. and W. D. KLIMSTRA , 1970. The nesting ecology 
and reproductive performance of the Eastern 
meadowlark . Wilson Bull . 82 : 24-3 - 267 . 

ROYAMA , T. 1966. Factors governing f eeding rate, food 
r equirement and brood s i ze of nestling Great 
Tits Paru s major . Ibi s 108 : 313- 34-7. 

SEEL,D . C. 1969 . Food , feeding rat es and body t emperature 
in the nestl ing House Sparrow Passer 
domesticus at Oxford . Ibis 111 : 36- 47 . 

1970. Nestling survival and n estling we i ghts 
in the House Sparrow and Tree Sparrow . 
Passer spp . at Oxford. Ibis 112 : 1- 14- . 

SKUTCH, A. F . 1945 . Incubation and Nest l ing periods of 
Cent ral American Bi rds . Auk 62 : 8- 37 -

SNOW , D. W. 1955 . The breeding of the Bl ackbird, Song 
Thrush and Mistle '11hrush in Great Br~.t ain . 
Part II . Clutch size . Bird Study 2 : 72-8~-. 

SOKOLOWSKI , J . 1962 . Studi es on t he i ndivi dual variation 
and biology of the Goldfinch Cardueli s 
carduelis (L) i n Po land . (Polish , with Engl ish 
summary) . Acta .orn . Warsz . 7 : 33- 67 . 

STROKOV ,V. V. 1968 . Throwing of nestlings out of their 
nest by adul t birds . Zool . Zh . 4-7 : 951 - 952 . 

SUMMERS- SMITH, J .D. 1963 . The House Sparrow . Collins , 
London . 

SWANSON,A. G. and J . C. BARTONEK ,1 970 . Bi as assoc i ated with 
food analysi s in gi zzards of Blue- winged Teal. 
J. Wildl.Mgmt. 34- : 739- 74-6 . 

THOMSON , G. M. 1922 . The Naturali sation of Animals and 
Plants in New Zeal and. Univ . Press , Cambridge . 

THORPE , W. H. 1956 . Learning and instinct in animals . 
Methuen,London . 

TINBERGEN ,L. 194-6 . De Sperwer a ls roofvijand v an 
Zangv ogels . Ardea 35 : 1-1 2 . 

N,1 962 . Social Behaviour in Animals . Methuen, 
London. 



VALENTINE, E. W. 1970. A List of the Phytophagous 
Hymenop t er a i n New Zeal and . The New 
Zeal and Ent omolo 5i st 4 : 52- 62 . 

VAN TYNE , J . and A. J . BERGER , 1959 . Fundament a l s of 
Orn i thology . John Wi l ey and Sons I nc ., 
New York . 

WALKINSHAW ,L.H . 1938 . Li fe bi story studies of t h e 
Eas t ern Goldf i nch . Part I I . Jack- Pine 
Warbler 17 : 3-1 2. 

WARD, P . 1965 . Feeding ecology of the Bl ack-faced 
Di och Que lea quelea i n Ni geria . I b i s 1 0'7: 
173- 213 . 

WELTY ,J. C. 1964 . The Li fe of Birds . W. B. Saunders Co ., 
Phi l adelphia and London . 

WITHERBY ,H. F., J OURDAIN , F . C. R. , TUCKER, B. W. 3.nd N.F . 
TICEHURST , 1938 . The Handbook of British 
Bi rds . Vol . I and I II . Ninth Impression 
1965 . H. F . and G. Withsrby Ltd .,London. 

WYNNE- EDWARDS , V. C. 1962 . Animal Di spersion i n r elation 
to s oc i a l behaviour . Ol i ver and Boyd : 
Edinburgh and London. 

YAPI\ W. B. 1970 . The Life and Organ i sati on of Bi rds . 
Edward Arnold Ltd. , London . 

144. 



APPENDICES 

I n all cases test of un i t deviation (d) was calculated 

fro m the formu l a : 

d = 

APPENDIX I 

mean 1 -- mean2 

Variance1 Variance2 
----- + -----
No . in 
Sample 1 

J\:o. i n 
Sample 2 

Significance of difference between mean body­
weights o f male and female ~oldfi nches . 

Sex No . in Mean Variance d d 

145 . 

sample Wei~ht required obtained 
( gm ( p=0 . 001) 

Male 186 1 5 . 64 2 . 47 

3 . 291 4 . 412 

Female 14-1 1Li- . 89 2 . 70 

APPENDIX II 

Significance of difference between mean animal 
protein units in the nestlings diet ,Block A and B. 

Area 

Block 
A 

Block 
B 

No . of 
observa­
tions 

1 , 238 

2 , 078 

Mean No . of Varianc e 
animal 
units/ 
observation 

1.145 6 .1 31 

0 . 224 1.066 

d 
required 
(p=0 . 001) 

3 . 291 

d 
obtained 

11 . 808 



Local i ty 

*Germany 
Have l oc k Nor t h , 

N. Z . 

• Germany 
Havelock North , 

N. Z . 

• Gr eat Bri tain 
Ha ve lock Nor t h , 

N. Z. 

*Gre a t Bri tain 
Haveloc k North , 

N. Z. 
--

• Nie thammer (19 71 ) 

In all case s "Student " t was calculated from the formul a 

t 
rnean

1 
-- rnean

2 

(
·standard) 2 [:5tanda rd·\ 2 
Error 1 + \Error 2 J 

APP END IX I I I 

SIGNIFICANCE OF DI FFERENCE BETWEEN MEAN WI NG MEASUREMENTS OF 
GOLDFINCHES. 

Sex No . i n Mean s S . E . M. f ):_ t 
sample (mm) re q uired(p=0 . 001) 

43 79 . 44 1 . 55 0 . 23 7 81 3 . 646 40 76 . 40 1. 9 7 0 . 312 

22 76 . 55 1. 44 o. 307 55 3 . 646 
35 72 . 66 2 . 26 0 . 383 

24 77 . 79 1. 47 o. 300 62 3 . 646 40 76 . 40 1. 97 0 . 312 

6 75 . 0 1. 80 0 . 735 
39 3 . 646 

35 72 . 66 2 . 26 0 . 383 

p. 

t 
obta i ned 

7. 775 

7. 923 

7. 32 6 

3 . 406 

~ 

+=" 
O'\ . 




