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The breeding b'iology and reproductive success of a dense

population of Yellow l^larblers (Dendroica petechia) was studied

during the breeding seasons of 1974 through 1 976 on the forested

beach ridge along the south shore of Lake Manitoba, Manitoba.

Spring temperatures influenced clutch commencement. Egg laying,

hatching and f'ledging of young occurred during periods of food

abundance. Most Yellow Warblers constructed their nests in willows

(Salix spp.), Manitoba maple (Acer negundo L.) and elderbemy

(Sambucus pubens Michx.). Nests were most successful, however,in

hops (Humulus lupulus L.), elderberry and green ash (Fraxjnus

penns.ylvanica Marsh.). The mean clutch sjze for a1l years was 4.5.

Annual and seasonal variation in clutch size was not signÍficant.

The incubation period averaged II.2 days; the nestling period

averaged ì0.4 days. Incubation prior to clutch completjon resujted

'in asynchronous hatchjng and fìedging. Nest success ranged from

3g.8% (1976) to 63 .6% (1974); it was 47 .g% for alì years. H'igher

nests were more successful than low nests. Nest success 'increased

as the breedjng season advanced. Five-egg clutches produced the

most young. Predation was the major cause of nest failures. About

25% of the active Yellow Warbler nests were parasitized by the

Brown-headed Cowbird (Molothrus ater). Cowbird paras'itism decreased

reproductive success.
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BREEDING BIOLOGY AND REPRODUCTIVE SUCCESS

OF THE YELLOW WARBLER

PART
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I NTRODUCT I ON

The Yellow Warbler (Dendroica petechia (L'innaeus 1766) Gray 1842)

is one of the most familiar wood warblers (Griscom and sprunt l9s7).

Much of the literature on this warbler has been anecdotal (Morris .|900,

Dill 1902, Knight .l907, 
Hersey 1910, Kohler l9ll,Otto .l9.|9, 

Mousley

1926, Tufts 1927, Gross 1934, Smith 1943, l^litschy 1958, pittman 1960).

0thers have studied its behaviour (Bigg'lestone 1913, Ficken and Ficken

1965a), voca'lizations (Morse l966), territoriality (Kendeigh 1941,

Ficken and Ficken 1965b, Frydenda'|1 i967 ), feeding ecology (Frydendall

1967, Busby 1978), aspects of Brown-headed Cowbird

parasitism (Mcceen 1971, 1972; Rothstein 1975) and

(Schrantz 1943, Young 1949, Batts 1961, Kammeraad

ever, detailed studies of its breeding biology and

are few.

A dense nesting popuìation of Yellow Warblers on the Delta Beach

Ridge, Manitoba, provided an opportunity to obtain detailed information

on its breeding b'iology and reproductive success. This population also

nests under conditions of apparently unlimited food supply (Busby .|978),

thus permitting one to examine the possible influence such as food sup-

pìy has on its productivity. In some species food supply directly in-

fluences clutch size (eibb 1950, Southern 1959) and may promote a num-

erical response of breeding pairs to an abundant food supply (MacArthur

r e58) .

Part I of this study examines aspects of the breeding biorogy of

the Yellow warbler. Thjs section considers jts timing of breeding,

Molothrus ater)

reproductive success

1964, 1966). How-

reproductive success



nest s'ite, clutch size, incubation and nestling period, fledging, r^ê-

productive success, mortality and second clutches. The apparent in-

fluence of food on some of these events is discussed. In Part II,
consideration is given to the frequency and tjming of parasjtism by the

Brown-headed Cowbird on thjs dense breeding population of Yellow Warb-

lers. Thã response of the Yêlloúv lddfblêÌ to parasitlsm is alSo dis-

cussed



Descri pti on

Th'is study was conducted at the Unjversity of Manitoba Field

Station (Delta Marsh) and on the adjacent property of the Portage

Hunting Club. The viì'lage of Delta, Manitoba (50011' 98019') is

located approximately 4.8 km, east of the field station. The

study area was located on the forested beach ridge which separates

Lake Manitoba from the Delta Marsh (Fig. 1). Lake I'lanitoba, a

remnant of glacial Lake Agassiz, is a large shallow lake extend'ing

about 185 km north and is 52 km wide at its southern end. The ad-

jacent Delta Marsh to the south covers some 14,575 ha (Hochbaum 1944).

The broad vegetation zone, in which the Delta Marsh lies, is
the grassland region. More specifically, it occurs in the prairie-

aspen oak region (Ellis .l938). Informat'ion on cl'imate,geo'logy and

so'ils may be found in Weir (1960), Fenton (19i0) and Ell'is (1938),

respecti ve'ly.

The formation of the beach ridge has been attributed to the

action of ice, wind and waves of Lake Man'itoba (Hochbaum 1944,1967).

This sandy ridge averages approx'imateìy 80 m jn width (Busby ì978).

The vegetation of the ridge has been described by Löve and Löve

( I 954) , 0l sen ( I 959) and Wal ker ( I 959) .

- 
The study area consisted of approximately l9 ha of forested

beach ridge. Tree species found on the beach ridge included Manitoba

maple (Acer negundo L.), green ash (Fraxinus pennsylvan'ica Marsh.),

STUDY AREA



Figure l. The location of the Delta

ship to Lake Manitoba and

Beach Ridge and its relation-

the Delta Marsh.
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peachleaf wiì1ow (Salix amygdaloides Anderss.) and eastern cottonwood

(Populus deltoides Marsh.). The major shrubs were elderberry (Sambucus

pubens Michx.) and sandbar willow (Salix interior Rowìee). Red osier

(Cornus stolonifera Michx.) and cherry.(Prunus sp.) occurred to a minor

degree. The dominant herb was the nettle (urtica dioica L.), while the

main climbers were wiìd cucumber (Echinocystjs lobata (Nichx.) T. & G.)

and hops (Humulus lupulus L.)-

Potential avian nest predators include the Brown-headed Cowbird,

the Common Grackle (Quiscalus quiscala) and the House l^lren (Troglodytes

aedon). Tamsitt (1962) and Hochbaum (1971) list the mammals which occur

in the Delta Marsh region. Potential mammalían nest predators include

the Red Squi rrel (Tamiasci urus hudsoni cus ) , Longtai I l^leaseì (Mustel a

frenata), shorttail l^leasel (Mustela erminea), Mink (Mustela vjson),

Striped Skunk (Mephitis mephitis) and possibly some of the microtines.

Weather

Weather data were obtained from the monthly weather records col-

lected at the University of Manitoba Field Station. Table I presents

temperature and precipitation data

year of the study. The fo'llowing

weather during the three breeding

1974 May: very coo'l , wet; June: dry; Ju'ly: normal .

1975 May: normal temperatures, wet; June: normal; July: warm.

1976 May: warm, unusually dry; June: normal except for a cool

spell; July: precipÍtation below normal.

for May through August for each

surnmary descrjbes the prevailing

seasons of the study



Table l. Temperature and precipitation at the University of Mani-

toba Field Station, (Delta Marsh), Manitoba, May through

August, 1974-76.

Year and
month

1974

14ay

June

Ju1 y

August

1975

May

June

July
August

197 6

May

June

July
August

Departure
from long-
term mean

(oc)

7

6.4

17 .3

20.6

16.2

10.5

16.9

21.1

16.6

12.1

17 .9

19.2

t 8.9

Total
preci pi tati on

(cm)

-3. 6

+0.6

+l .8

-1 .7

Departure
from ìong-
term mean

(cm)

7.2
.l.0

5.4

5.9

+0. 5

+0.2

+2.3

-1 .3

+2.1

+1 .2

+0. 4

+l .0

+2.4

-6.9
-1.8
-l .0

7.7

8.0
6.8

13.9

0.5

6.9

4.4
1.9

+2.9

+0.1

-0.4
+7.0

-4.4
-1.0
-2.8
-5. I
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MATERIALS AND METHODS

Thjs study v'/as conducted during the breeding seasons of 1974-

76. Yellow Warblers were caught in mist nets with mesh sizes 32mm

and 38 mm. Upon capture, the birds were banded with numbered alumi-

num U. S. Fish and l¡lildlife Service bands. Color bands in combina-

tion with aluminum bands were used to ident'ify individuals. Some

nestlings were also banded.

Nests were located by observing females collecting nesting

material or by searching potential nest site locations. Numbered

flagg'ing tape assisted in numbering and relocating nests in sub-

sequent v'is'its. Nests wei:e checkeci almost da'ily 'in .|974 
and daiìy

in 1975 and 1976. Variation in number of nests found may not re-

flect population levels but may be related to the experience of

the researcher in find'ing nests. Nest contents were recorded on

each visit to determine clutch size and nest success. Nest height

and pìant spec'ies in which the nest was located were also recorded.

Besides known cases of human disturbance, the extent to whìch visits

aided predators in locat'ing nests is not known. Frequent visits by

an observer do not affect nesting success appreciably (Noìan .l963,

lllillis 1973).

The description of the breeding season was based on the dates

the fjrst egg of each clutch was laid (see Myres 1955, Seel 1968).

0nìy parasit'ized and unparasitized nests of known age were used.

The exact date the first egg was laid was determined in 8l% of the

320 clutches i,nitiated. Approximate dates were obta'ined by back-



dating. It was assumed that one egg was laid per day (Schrantz

1943). A perr'od of 9 days was assigned,to the interval between

lay'ing of the last egg and hatching of the first nestling, whi'le

8 days was assigned to the interval between the hatching and the

fledging of the first young. Robertson's (ì973) method of deter-

mining nesting synchrony was employed to examine annual variation

in the timing of breeding. Clutch initiation, however, was used

rather than the date of clutch compietion since this excludes

variation due to different clutch sizes (Caccamise 1976).

Clutch size was determined in nests, found before the last

egg had been laid, in which laying occumed on consecutive days

and where there was no change in the number of eggs one day after

clutch compìetion. Parasitized clutches and those in which a

lapse of laying occurred, were omitted. Loss of eggs prior to

findìng a nest should not affect seasonal, annual and specific

differences in clutch size (Snow 1955).

Following Skutch (1945), the incubation period was defined

as the period between the laying and hatching of the last egg.

Unparas'itized clutches found prior to clutch initiation or clutch

compìetion were used. Those clutches in which egg. losses occured

were omitted except for 5 clutches in which loss occurred during

the hatch'ing period. These may have been young that died and were

removed by the adults. The incubation period of indjvidual eggs

of unparasitized clutches was defined as the period between the

laying and hatching of that egg.

The nestling period was defined as the period between the
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hatching of the first young and the departure of the last young

in a nest. The hatching spread is thus the time interval in

which an unparasitized clutch hatches. Clutch size in this lat-
ter anaìysis refers to eggs found per nest. About 72% of the

clutches were seen prior to clutch completion. The f'ledging

spread is the time interval in which all young of a brood leave

the nest.

Reproductive success and mortality factors were determined

for those nests found before clutch completion. Ideal'l¡1, one

should base the data on nests found before the first egg is

laid (Sfutch 1966). However, Nolan (1963) considered the bias

resulting from nest failures during the laying period to be 1

small. An alternative method is that of Mayfield (1960). This

method permits more data to be used and attempts to compensate

for the bias that occurs in calculating nest success from those

nests in an advanced stage and already successful. Bias may occur

in this latter method as wel'l (see Woolfenden and Rowher 1969,

Green 1977).

An active nest is one in which at least one Yellow hlarbler

egg was laid. A hatched nest is one in which at least one Yellow

hlarbler egg hatched. A successful nest is one in which at leasr

one Yellow hlarbler nestling fledged. Egg, nestling and fledgling

numbers should not be taken as exact values since precise values

can on'ly be obtained if a nest is under constant observatjon.

Both parasitized and unparasitized nests were used in the analysis

of reproductive success. 0nly unparasitized nests were used in

determining the relationship between clutch size and nest success.
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Data from renests and second clutches were analyzed together

with data from first nests. Statistical tests used include linear

regression, analysis of vaiance, chi-square and z-test. The level

of significance used was P< .05. Nomenclature of plants follows

Scoggan (.l957) while scientific names of birds and mammals follows

the American 0rnithologists' union check-lists (ì957', 1976) and

Burt and Grossenheider (ì904), respectively.



STATUS OF ÏHE YELLObI WARBLER ON THE DELTA BEACH RIDGE

A dense population of Yellow l,larblers breeds on the forested ridge

(Hochbaum 1944). Up to 12 nesting pairs per 0.4 ha (or about 29.6

pairs/ha) have been reported (Hochbaum l97l). A 1.7 ha plot on the

study area was estimated to have supported 33 pairs during the breeding

season or l9.l pairs per ha. The nesting density on the Delta Beach

Ridge exceeds that of populations reported in other localities (see

Table 2). Densities vary a'long the ridge possibly in relation to p'lant

species composition, food resources and territorial requirements of

Yel I ow Warbl ers.

n



.Table 2. Yellow Warbler breeding dens'itjes at 8 localities.

Locati on

Mi chi gan

M'ichi gan

l.li scons in

Mi nnesota

Utah

Iowa

Mi nnesota

Delta Beach Ridge

Delta Beach Ridge

Dens i ty

13

(prs/ha )

0.2

2.II

3.5

5 .01

5.5 - 8.21

6. 11

8.2r

19. I

29.6

lvulr", from Busby '1978.

Study

Batts (

McGeen

Young (

re6r)

(1e72)

r e4e)

Fashingbauer et al. (1957)

Frydendall (1967)

Kendeigh (l9al )

Beer et al. (1956)

This study

Hochbaum(1971 )
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RESULTS

Spring Arrival

Yellow warblers were first observed on the study area during

the second or third week of May (ra¡le 3). Males returned first.
These first arrivaìs probably vuere.migrants since banded resjdent

maìes were noted after these initial sightings. Males spent most

of their time singing and foraging before most of the females had

returned. Intraspecific aggression between males increased after
the females amived.

Timinq of breeding

The breeding season extended from late May or early June until
early July (Fig. 2). The period in which clutches were initiated
varied fron 24-42 days (mean = 34.3 days) (raule 4). using the

extreme clutch initiation dates, the potentiaì clutch initiation
period ís from 26 llay to 7 July or 43 days.

Nesting synchrony and 'length of lay,ing period were dependent

upon weather conditions prior to the egg laying period. In the late
spring of 1974, 50% of the clutches were initiated in 2 days and egg

laying extended over 24 days. Both .l975 
and 

.|976 data reflect fav.-

ourable spring conditions promotíng less synchrony wíthin the popu-

lation and a longer ìaying perÍod (taole 4). Annual differences in
the laying date of the first egg was 14 days (1974 and 

.|976), 
how-

ever, annual variation. in the initiation of the last clutch was on'ly

5 days (1974 and I 975) .



Table 3. spring arrival of the Yellow l,'larbler on the Delta Beach

Ridge, 1974-76:

Year

1974

1975

1976

Arri val

Mal e

l5 lìay

ì3 May

9 May

Resident 
1

Arri va I

15

lBased on behaviour,influx or

2S"* 
unknown - Yellow Warbler

30. G. Busby (pers. comm.)

ì9 May

'15 
May

Arri val

Femal e

a banded individual

singing l4 May

16 May

12 May

Res i dent

Arri val

23-24

15

Muy3

May
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Figure 2. Clutch initiation by the Yellow hlarbler on

Beach Ridge in 1974, .|975 
and 1976. Arrows

mean date of clutch initiation.

the Delta

i nd i cate



N
U

M
B

E
R

 O
F

 C
LU

T
C

H
E

S
 I

N
IT

IA
T

E
D

z ilõ C
'){ oà

= Þ

z' tl \¡

g c z m L t.



Table 4. The breeding season of the Yellow warbler on the Derta

Beach Ridge.

Total no. of active nests

Total no. of clutches initÍated

Date of first clutch initiation

Date of last clutch initiation

Clutch initiation perìod (days)

Dates including 50% of clutches

initiated

Duration of this period

L7

197 4

66

,7I

9 June .

2 Ju'ly

?4

I 0-l I June

2

1975

119

128

I June

7 July

37

3-8 June

6

1976

148

158

26 l(ay

6 July

42

28 May-

4 June

8
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The beginning of the laying period is directly inf]uenced by

temperature prior to the onset of laying. A negative correlation

(r = -0.99) was found between the warmth sum and the date the first
egg of the season was laid (Fig. 3). Rainfall during Þlay was posi-

tively correlated with the date the first egg was lajd (r = 0.79).

The correlation of the warmth sum and rainfall with the laying of

the first egg of the season was statistically not significant (p>.05).

Egg laying, hatching and fledging occurred during periods of

food abundance (Fig.4, data from Busby l97B). The first peak of

food abundance occurred on 6 June 1975 and I June i976. At least

50% of the clutches initiated coincided with this peak in both years.

Young began fledging prior to the second major peak in l9z5 while

in 1976 fledging began before the third peak of food abundance.

Nest site

Nest sites chosen were herbs, vines, shrubs and trees

(Table 5). Salix spp. comprìsed 30% of the nest sites selected.

Acer negundo and sambucus pubens were the second and third most

common nest sites, respectiveìy. This frequency of the 3 main

nest sites selected, prevailed in 1975 and 1976. In 1974, after

a late spring the order was reversed. sambucus pubens was select-

ed most frequent'ly followed by Acer negundo and Salix spp., res-

pecti ve'ly .

The mean nest height for 320 active nests was l7B.l cm with

a range of 21 to 854 cm (table 6). Annual differences were sta-

tisticaìly significant (anaìysis of variance, P(.05) with the
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Figure 3. Relationship between temperature and the date of the

first egg laid by the Yellow Warbler on the Delta

Beach Ridge. Warmth sum is the sum of degrees oC

above freezing of the mean daiìy temperature for

1 May to 9 June.
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Figure 4. Chronology of the Yellow Warbler nesting cycle on

the Delta Beach R'idge in relation to the abundance

of foliage arthropods (data from Busby 1978). Nest

stages are expressed in terms of the first egg laid,

the first egg hatched and the first nestling f'ledged

of clutches initiated. Bars indicate 50% of each

nest stage.
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Table 5. Frequency of plant species use by Ye'llow Warblers as nest

sites,1974-76.

Speci es

Sal ix.spp.

Acer negundo

Sambucus pubens

Fraxi nus
ær*y:".rce

Humul us .l upul us

Rubus idaeus L.

Ribes sp.

Cornus stolonifera

Rosa sp.

Prunus sp.

Symphoricarpos sp.

Urtica dioica

Populus deltoides

Convolvulus sp.

Total

197 4

Acti ve

Nests

1975

Act i ve

Nests

11

18

23

3

1

2t

1976

Acti ve

Nests

44

25

19

Active Percent

Nests

Total

4T

38

23

11

16

9

4

1

2

10

2

7

A
I

21

2

96

81

65

30.0

25.0

20.0

7.0

6.0

5.0

2.0

1.0

1.0

1.0

0.5

0.5

0.5

0.b

100.0

24

1B

T7

8

+

2

2

1

1

1

1

59 TT4

I

1

1

148 32t



Table 6. Nest height (cm) of active Yellow Warbler nests during
't97 4-7 6.

Year

1974

197s

1976

Total

22

N

58

ll4

148

320

Mean 1 5.

155:8 1 lA.lO

r48.5 I lo.so

20s.6 I l+.+s

E.

178. I
1

Range

8.45

21.0

25.0

26.0

702.5

476.0

854.0

21.0 - 854.0



highest mean occurring in 1976.

Clutch Size

One egg is laid per day unti'l the clutch is comp'leted.

0ccasionaì'ly a day may be skipped. 0f .l44 
compìeted clutches,

clutch size ranged from 3-5 eggs with a mean of 4.5 (faUle 7).

Fifty percent of the clutches contained 5 eg9S, 46.9% contained

4 eggs while 3.5% contained 3 eggs. Annual variation in clutch

size was not significant (analysis of variance, P¡ .05). Clutch

size decreased as the breeding season progressed (Table 8), how-

ever, the difference was not s'ignificant (analysis of variance

P>.05). Five-egg clutches were the most common from 25 l{ay to 7

June; 4-egg clutches predominated from I June to 5 Juiy. Reduced

clutch sizes were possibly due to renestinq.

I ncubat Í on

23

0n1y the female incubated. The interval between 'laying of the

last egg and hatchíng of the first young was 9.4 days with a range

of 8-ll days (fa¡te 9). This interval decreased as clutch size

increased suggesting that incubation was initiated prior to clutch

comp'letion. Further evidence for this was found when the period be-

tween laying and hatchÍng of individuaì eggs was examined. The in-,

cubation period for l0l individua'l eggs ranged from ll.to l4 days

(Table 10). The incubation period decreased from egg #l to #5 in

a clutch. Incubation periods greater than l2 days were character-

istic only of eggs #1 to #3 with only one l3-day period. occurring



Table 7. clutch size of the Yellow l¡larbler on the Delta Beach

Ridge , 1974-76.

Year

1974

1975

1976

Total

Number of eggs

24

4

l

0

4

5

5

l5

27

25

67

17

25

30

72

Total

33

52

59

144

Mean

4.5

4.5

4.4

4.5

S. E.

0.10

0.07

0.08

0. 05



Table 8. Seasonal variation in clutch size of the Yellow

Warbl er.

Time interval

25 l(ay-7June

I - 21 June

22June-5Ju1y

25

Number of eggs

3 4

0 19

38

104

46

26

0

Mean

4.7

4.4

3.7

S. E.

0.06

0.06

0. 13



Table 9. Incubation periods of the yellow Warbler.

Cl utch
Si ze

(a) Period (days) between lay.ing
of last egg and hatching of
fi rst young

3

4

6

No. of
Cl utches

Total

2

?o

43

84

Mean

( days )

10. 5

9.6

9.2

q¿

SF

(b) Incubation period (days)
of each clutch. Last egg
I aid to 'last egg hatched

0. 50

0.11

0. 10

0. 08

No. of
Cl utches

1

?1
JI

29

61

Mean

(days )

12.0

tr.2

11..2

tL.2

qF

Difference between
mean periods for
(a) and (b)

0.00

0. 07

0. 09

0.06

1.5

1.6

2.0

l\)
Or



Table 10. Incubation period (days) of individual yellow warbler

eggs.

Egg

I

2

3

4

5

Al I last
eggs

27

N

23

24

22

20

12

22

Mean

12.8

12.1

11 .7

lr.4

ll.3

ll.3

Range

ll - 14

ll - l3

lt - l3

ll - 12

lt - 12

ll - 12
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for egg #3. These data suggest that incubation does occur before

clutch completion and may begin by the third egg. The small range

for incubation periods of individual eggs reflects litile variation
in the incubation constancy. The incubation period was lì.2 days

(Tabìe 9). Incubation periods were the same for clutches of 4 and

5. Annual variation in the incubation period was small (Table 1ì).

Nestl ing períod

The hatching of the first egg occurred between g and zz June

for the 3 breeding seasons (Tab'le lz). The major factor attributed
to the variation in mean hatch date for the three years was the

weather conditions prior to clutch initiation. This is also re_

flected in the time it took for so% of the clutches to start
hatching. Fifty % of the clutches began hatching wi thin z days in

the late spring of 1914 whire this period was extended to 7 days

in the favourable springs of .|975 
and 1976.

Incubation prÍor to clutch completion resulted in asynchronous

hatching. The average hatching spread of l4 clutches was 2.g days

with a range of'l to 5 days (Tabìe l3). The hatching spread in-
tervaÏ for clutches of 3 and 4 were similar, however, 5-egg clutches

averaged a little 'longer. The difference in hatching spread between'

the 3 clutch sizes was not significant (ana'lysis of variance , p).05i .

The mean nestling period for 59 broods was 10.4 days with a

range of 9 to 13 days (rao'le 14). Nesiling periods of 10 days were

most common and represented 37% of the nestling periods. The duration

of the nestling period increased as the brood size increased.



Table ll. Annual variation in the incubation period of the yellow

Warbìer, 1974-76 .

Year

197 4

197 5

1976

Total

29

No. of Clutches

ll

23

27

6l

Incubation Period

il.1

11.2

days

days

daysll.3

I I .2 days



Table 12. Hatching dates of f irst Yellow Warbl:êr lourìg, lg74-76.

Year No. of
cl utches

197 4

1975

1976

48

78

108

Mean hatch

date

30

25 June

24 June

20 June

50%

hatch

23-24 June

I 5-21 June

ll-.|7 June

No. of
days

Extreme

dates

22 June-ll Juìy

l5 June-19 Juìy

8 June-.|7 July



Table 13. Hatching spread of Yellow Warbler clutches.

Clutch Size

3

4

L

Total

3i

Days

0

0

:f5 20

7

23

0

20

42

0

Total

3

39

32

74

Mean

2.7

2.6

3.0

2.8



Table 14. Length of nestling period of the Yellow Warbler.

Brood Size

I

2

3

4

5

Total

9

32

l0

Days

ll

5

0

?

3

I

t0

12

6

0

9

4

22

5

l0

6

21

l3

0

0

Total

0

2

Mean

0

4

5

t9

23

12

59

9.0

9.8

10.4

10. 5

10 .6

10.4
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Fl edging

Fledging of young began in the fourth week of June in 1975

and the third week of June in 1976 (Table l5). In both years, the

last fledgling left during the fourth week of Ju'ly. The difference

in the time it took for 50% of the young to fredge may be attri-
buted to the early spring in .l976. 

0ther factors involved are

renestÍng and cowbird parasitism.

Most first nestlings f]edge at 9 days of age (faOle 16); the

range was 8 to ll days. The nestling period of the first fledgling

in a nest decreased as brood size increased. This may be related

to the crowding factor of larger broods.

Asynchronous hatching resulted in asynchronous fredging in

74% of 54 broods (ra¡le 17). young warblers fledged over I to 5

days averaging 2.2 days. The fledging spread increased with in-

creasing brood size.

Reproductive success

Nest success. - l^lhen all mortality factors are considered, annuaì

nest success of active nests found before the last egg was laid

varied from 39.8% in 1976 to 63.6% in 1974 (raure lg). The com-

bined nest success for the three seasons was 47.7%. The differ-
ence between those active nests found before the last egg laid

and those found after the last egg was onìy 1.1%. The overall

nest success for all active nests was 47.9%.

Egg success. - 0f the 974 eggs fron zz7 active nests, annua'l hatching



Table .|5. Fledging dates of first yellow Warblers, l9T5-76.

Year No. of
broods

1975

197 6

34

Mean 'f I edging

date

51

52

2 Juìy

June30

50%

f 'ledge

25-29 June

20-28 June

No. of
days

Extreme

dates

24 June-Z3 Ju'ly

l8 June-26 July



Table 
.|6. 

Age of fledging of first Yellow l,larbler nestlings.

Brood Size 8

3

4

5

Total

Days

9

35

0

0

l0

2

11

13

6

33

3

0

ll

5

Tota I

0

5

4

16

0

0

Mean

4

T7

2t

L2

55

0

9.0

9.5

9.4

9.1

9.2

9.2



Table .|7. 
F'ledging spread of yellow Warbler broods.

Brood Size

36

3

4

5

Tota I

2

Days

3

0

6

3

2

L4

4

0

7

7

5

20

3

0

9

Total

0

4

16

0

Mean

0

0

0

A
I

L7

2I

72

543

0.0

1.3

1.9

2.5
I

2.4

2.2



Total
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47 .7
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39
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Table lB. Yellow Warbler nest success , llg74--76.,

q)\

235

80

315

1975

39 .8

50.9

43.8

5q-
thqJ.n

(Jã
+r C) rl-
(J=tJ1
ro tJl vl

(u
çq-()
ov, otn ()

+){J5. utl . u.t ano(u o(t,
Z, ç. tZ, Ê ò-S

3793

53

146

27

197 4

64

48.0

45 .0

47.5

tJ.,qJ.n
.-(J=
P (J r4-(J5tJ1
(õtnØ

(uq-ç(J
oØ oØ (J

{J+J=.U1 .U1 tt1ooj o(uz. ç. z. ç, è.s

4798

20

ll8 56

63.6

1?.9

60.8

2B44
Nests found before
'l ast egg 1 ai d

Nests found after'last egg 1ai d

All active nests 3151



success varied slightly with a combined success of 56..1% (Table l9).

The success of eggs laid which f'ledged young varied from 26.7% in

1976 to 41.7% in 1974. The overall fledging success of eggs was

34.9%.

Nestling success. - Nestling surviva'l from hatching to fìedging

varied from 47.8% in 1976 to 74.7% in 1974 (fa¡le l9). The over-

all f'ledging success of eggs that hatched was 62.3%

Clutch success in relation to season. - Table 20 illustrates the

clutch success in biweekly intervals for clutches found before

the last egg was laid. Clutches used were not necessarily complete,

since some failed before the full complement of eggs had been laid.

For the three breeding seasons, clutch success increased fon 36.7%

during the 25 May to 7 June period to 55.6% during 22 June to 5

Juìy. The difference in clutch success was not signifícant (chi-

square,P >.05).

Nest success in relation to nest sjte. - 0f the pìant species used

l0 or more times as a nest site, nest success and the number of

young fledged per active nest were greatest 'in Humulus lupulus

followed by Sambucus pubens and Fraxinus pennsylvanica (fa¡le 2l). 
.

Nest success in relation to nest height. - Three categories of nestl

he'ight were recogn'ized (fa¡l e 22). They reflect the herb, shrub

and tree strata of the vegetation on the ridge, respectively. Nest

success was greatest in the tree layer and lowest in the shrub layer

38



Table 19. Egg and nestling success of active yellow warbler nests

found before the last egg was 'laid,'1914,'76.

l'lo. of active nests

No. of hatched nests

No. of successful nests

No. of eggs laid

No. of eggs hatched

Average

Percent

No. of

Percent

Percent

Average

Average

Average

197 4

number of eggs per
active nest

eggs laid that
hatched

f1 edgl i ngs

eggs hatched that
fledged young

eggs laid that
fledged young

no. of fledglings per
active nest

no. of f'ledglings per
hatched nest

no . of f 'l edg'l i ngs per
successful nest

39

36

?3

20

t56

87

4.3

55.8

65

7 4.7

41 .7

.|.8

?.8

3.3

1975

98

60

47

402

?27

4.1

56. 5

164

72.2

40.8

1.7

2.7

3.5

1976

93

65

37

416

232

4.5

55 .8

ill

47 .8

26.7

1.2

1.7

3.0

Total

227

t48

104

974

546

4.3

56. I

340

62.3

34.9

1.5

2.3

3.3



Table 20. Success of Yellow Warbler clutches in relation

season, 1974-76.

Year

197 4

1975

1976

1974-76

25May-7June

40

45.3%

29.9%

36.7%

1'Includes one clutch after 5 Juìy, 1975.

(24/53)

(20/67)

(44/r?o)

8 - ?1 June

57.9%

45.5%

40.9%

49.5%

to

(22/38)

( 1s¡33 ¡

( gtzz)

(46/e3)

the

22June-5July

45.5%

7r.4%

55.6%

( 5/l r )

(s/t )

( rolrs ) 
1



Table 21. Success of active Yellow Warbler nests, found before the

last egg was laid, in relation to nest-supporting plant,

197 4-76.

Species Active

nests

Humulus lupulus

Sambucus. pubens

Fraxi nus
@.r:.. 17

Salix spp. 61

Acer negundo 57

Symphoricarpos sp. 1

Ribes sp. 5

Cornus stolonifera 3

Rubus idaeus 9

Rosa sp. 1

Prunus sp. 1

4L

Succes sfu I

nes ts

10

4L

Percent

succes sfu I

6

23

8

27

25

Young f1 edged

per active nest

60.0

56. I

47 .1

44.3

43.9

100.0

80.0

33.3

22.2

0.0

0.0

1

4,,tr .

1

2

0

1.9

1.9

1.6
.|.3

1.6

5.0

2.2

1.0

0.7

0.0

0.0



Iable 22. Success of active Yellow Warbler

ìast egg was laid, in relation to

Active nests

Successful nests

Percent successful

Young fl edged per

42

Él *

nests found before the

nest he'ight.

84

43

51 .2

.ì.9

Nest height

>l mÉ3 m

acti ve
nest

90

35

38.9

l.l

>3 m

33

t9

57 .6

1.9

ffi



Differences in nest success for high nests (> 3 m) and low nests

(1g m), as well as for the three vegetation strata, v,rere not

significant (chi-square, P >.05).

Nest success in relation to clutch size. - Table 23 illustrates
'10 parameters showing the relationship between clutch size and

nest for ll7 active nests and l18 clutches. In comparing ìarge

(5 eggs) cìutches with small (3 and 4 eggs) clutches, no signi-

ficant differences were found for the,parameters examined (chi-

square and anaìysis of variance, P >.05). The number of young

fledged per active nest increased with increasing c'lutch size.

Nest success in relation to cowbird parasitism. - The incidence

of parasitism in active nests for the three breeding seasons was

about 25% (see Part II). Unparasitized nests were more success-

ful in al'l respects than parasitized nests (faUle 24). Signifi-

cant differences were found for the proportion of eggs laid that

hatched, ê99S that fledged (chi-square, P<.05), fledglings per

active nest and fledgìings per hatched nest (analysis of variance,

P<.05). No significant differences were found for eggs ìa'id

per active nest and fledgl'ings per successful nest (analysis of

variance, P > .05).

Mortal j ty

43

Nest failures. - 0f the 227 active parasitized and unparasitized

nests, 123 (54.2%) were unsuccessful. The major factor was pre-



Table 23. clutch size and nest success of the yellow Ì^larbler.

Number of active nests

Percent of active nests
with hatchl ings

Percent of hatched nests
with fledgì ings

Percent of active nests
with fledgì ings

Percent of eggs hatched

Number of eggs hatched per
active nest

Number of eggs hatched per
hatched nest

Percent of eggs that pro-
duced fl edgl ings

Percent of nestlings that
fl edged

Number of fledglings per
hatched nest

Number of f I edg'l i ngs per
active nest

Clutch Size

44

4

100

75

55

82

69

59

80

68

75

83

Mean

4.5

8l

69

56

70

2.8

3.4

47

2,5

2.5

58

70

54

68

56

69

3.4

4.3

42

6l

2.6

2.1

.|.8

1.8

3. t

3.8

44

64

2.4

2.0

67

2.3

1.9



Table 24. Egg and nestling success for parasitized and unparasitized

Yellow warbler nests found before the last egg was laid,

197 4-7 6.

No. of active nests

No. of hatched nests

No. of successful nests

No. of eggs ìaid

No. of eggs hatched

Average no. of eggs per active nestl

Percent eggs laid that hatched2

45

No. of fledglings 39

Percent eggs hatched that fìedgedz 4L.L

Percent eggs laid that fledgedz .|6.6

Average no. of fledglings per active nest2 .7

Average no. of fledgìings per hatched nest2 1.4

Average no. of fledgìings per successful nestl Z.B

Parasitized Unparasitized

58

27

T4

235

95

4.1

40.4

lNot rignificant (P) ;0s)

25ignificant (P < .05)

169

121

90

739

451

4.4

6l .0

301

66.7

40.7

1.8

2.5

3.3
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dation, which accounted for 62.6% (ll/123) of the nest failures

(Table 25). Desertion was the second major factor accounting for

15.4% (19/123) of the failures. 0f the l9 deserted nests, 9

(47.4%) were deserted because of cowbird parasitism. Nest

failure attributed to the cowbird was 8.g% (11/123).

0f l2l active nests found before the last egg was laid,93

(76/9%) failed after the laying period (ra¡le 26). 0f the three

categories (laying, incubating and nestling periods) the most

nest failures occurred during incubation.

Egg mortality. - The rnajor factor was predation. Although 21.5%

(92/428) of egg mortality was attributed to predation, another

28,0% (120/428) disappeared for no apparent reason (Tab'l e 27).

Some of the latter group may have been predated or taken by the

cowbi rd.

Nestlíng mortality. - The major factor was predation. Although

17.5% (36/206) of the nestling mortality was attributed to pre-

dation another 50.5% (104/206) of the nestlings disappeared

(Table 28). Some of the latter group may have been eggs or

dead nest'lings which were thrown out by the adults during hatching.

hleather accounted for 7.3% (15/206) of the nestlr'ng mortality.

Most of this mortality occurred'in 1976 when a coìd spell occurredl

in Junä. The cowbirrd accounted for 6.8% (14/206) of the nest'ling

mortal ity. Because of the smal ler si ze of Yel low l^larbler nestl ings,

they are crowded out'of the nest, starve in the nest or are crowded

to death. Loss of young may also occur because of overt cowbird



Table 25- causes of nest failure in active Yellow warbler nests

found before the last egg was laid, 1974-76.

Factors

Predation

Deserti on

Cowb i rd

Weather

Unknown

Human disturbance

Nest position

Poor nest construction

Starvati on

Total

Paras i tized

47

15

13

10

1

3

0

2

0

0

44

Unparasitized Total

62

6

1

6

0

2

0

1

1

79

Percent

77

19

11

7

3

2

2

1

1

t23

62.6

t5.4

8.9

5.7

2.4

1.6

1.6

0.8

0.8

99.8



Table 26. Frequency of Yellow warbler nesting failures compared

with stage of nesting cyc'le.

Nesting Stage

Layi ng

I ncubati on

Nest'ling

Total

Paras i ti zed

48

12

18

13

43

Unparasi tized

16

31

31

78

Tota I

28

49

44

T2T

Percent

23.I

40. 5

36. 4

100 .0



Table 27. Factors contributing to egg mortality in active Yellow

Warbler nests found before the last egg was laid.

Factor

Di sappeared

Predat i on

Deserted

Unhatched

Cowbi rd

l,leather

Human Di sturbance

0n ground

Buri ed

Poor nest construction

Damaged in nest

Nest position

Total

Paras'i t i zed

49

16

26

32

10

31

2

2

5

13

0

2

I

140

Unparas'i tì zed

104

66

33

38

2

I9

L?

8

0

5

0

1

288

Tota I Percent

L20

92

65

48

33

2L

L4

13

13

5

2

2

428

28.0

21.5

t5.2

LL.2

7.7

4.9

3.3

3.0

3.0

L.2

0.5

0.5

100.0'



Table 28. Factors contributing

llarbler nests found

Factor

Di sappeared

Predati on

l,Jeather

Cowbi rd

0n ground

Human disturbance

Dead in nest

Starvati on

Nest position

Deserted

Caught in nest

Total

Paras i ti zed

to nestl ìng morta'lity in active Yel.low

before the last egg was laid.

25

2

1

L4

50

Unparas i tí zed

79

34

I4

0

72

2

Total

104

36

Percent

3

3

0

o

?

5

2

50. 5

17 .5

7.3

6.8

AAl.T

3.9

2.9

2.4

2.4

1.5

0.5

100.1

15

1.4

56

9

I

1

150

3

1

206



predati on .

Second clutches

In both 1975 and 1976, there was evidence of the yellow

Warbler attempting to raise a second brood following the

success of the first one. At least 6 such cases were observed.

In 3 of these cases, the females were color banded. Four of

the females laid their second clutches in the originaì nests.

Second clutches were smaller than first clutches (5 egEs+4 eggs

N=4);4 eggs+2 eggs N=l) in all but one case where the same

number of eggs (4) were laid for both clutches. On'ly one of

those second clutch attempts was successful.
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DI SCUSS ION

The apparently unlimited food conditions on the Delta Beach

Ridge may directly influence the density and productivity of yel-

low warblers. Ample food resources not only sustain this popu'la-

tion but may also permit more eggs to be produced. Thus, with a

dense breeding population and a'large crutch size, one would ex-

pect the total number of young f'ledged to be greater than in areas

where conditions are reversed. This discussion examines whether

the dense nesting population of yellow warblers on the Delta Beach

Ridge produce more young when compared with populations of lower

density and smaller clutch size. Factors 'influencing the timing

of breeding and reproductive success are also discussed.

Timing of breeding

variations in the annual onset of breeding are related to

proximate factors (for review see ImmeTmann lgTl). It has been

established that in late springs breeding is delayed while in early

springs breeding begins sooner than it normally wouìd (Marsha]ì

1951 , Goodacre and Lack l95g). This is crear'ry irustrated by the

Yelìow warbler in thÍs study. The springs of 1974,1975 and 1976

may be described as late, normal and early, respectively. The

strong negative correlation between the warmth sum and the first egg

date reveals that the breeding season is initiated sooner than normal

in warm early springs, while it is hindered by late cool springs.

The synchrony in laying for the three seasons also reflected the

spring condítions (see Tabìe 4).
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Food may be a proximate factor influencing the timing of nest-
'ing as may be the case with the Tri-colored Blackbird (Agelaius tri-
color) (Payne 1969) and the House Martin (Delichon úrbica) (Bryant

1975). For the Yellow warbrer on the Delta Beach Ridge, a proxi-
mate stimulus to the onset of breeding may be the emergence of the

chironomidae (0iptera). Although quantitative data are lacking,
the -first emergence of adult chironomids-that setiled-on-the ridge

in 1974 was on 9 June. This was also the date of the first egg

laid of the breeding season. In 1975, no chironomids were found

in the 25 May arthropod sampre (rig. 4 in Busby l97g), however, in

the I June sample, they were present. Again, this coincides with

the date of the first egg laíd of the 1975 season. In 1976, chir-
onomids lvere present in the zz May sample (rig. 5 fn Busby lgTg)

and the first egg was laid on the 26 May. A'lthough there are no

data in Fig. 4 for the period prìor to zs ltay l97s and zz llay 1976

(before egg laying started), the data suggest that food supplies

were low. Food may then be limit'ing the start of breeding to the

period when food supp'lies are sufficient for the formation of eggs

(Lack I 966) .

Food is also an ultimate factor which influences bird breeding

seasons (Lack .|954, 
snow and Snow l964). studies have shown that

nesting generalìy coincides with an abundance of food (Gibb .|950, 
:

Davis 1971 , Bryant 1975). For the Yellow l^larbler on the Delta Beach

R'idge, the timing of nesting occurs when food is in abundance (Fjg.a).

The major portion of the food supply consjsted of the chironomidae

making up 64% (t975) and s2% (1976) of the arthropods available
(Busby I 978) .
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Correspondingìy, chironomids were also the major food item in the diet
of the Yellow Warbler (Busby l97g). Chironomids were also an impor_

tant food item for juvenires. A samp'le of 7 fledgìings in 1975 re-
vealed that 78% (lll/143) of the arthropods eaten were chironomids,

while in 1976 the value was 71% (164/232) for a sampìe of 13 fledg_
ìings (Busby, unpublished data). The chironomids are then an impor-

tant food item in the food suppìy, providing nutrients for both the

egg- I aying femaì e Yel I ow l^larbl ers and the survi val of the f 'ledgì i ngs .

Clutch size

The clutch size of the Yellow l^larbler is general]y considered to
be 4 or 5 eggs (rnight 1907, Stoner 1g3z,.Bent 19s3, Tufts 196l).
However, two-egg (Schrantz 1943) and 6-egg clutches (chapman 1907,

Smith 1943, Bent .|953) 
have been reported. The mean clutch size in

the present study was higher than that found elsewhere (ra¡l e z9). It
Ís possible that unlÍmited food on the Delta Beach Ridge permits the

Yellow l^larbler to produce more eggs. Increased clutch size associated

with abundant food resources,has been reported in other parulids (¡,tac-

Arthur .l958, 
Zach and Fails r97b) and other species (et¡us r9s0, south-

ern .l959). 
Five-egg clutches were the most productive (raule 23).

Most S-egg cÏutches were produced during the early part of the egg-

ìaying period when the food supply was abundant 
,

An inverse relationship between clutch size and breeding density
has been noted Ín passerines (Johnston 1956, perrins 1g65, Balen 1g73).

It appears that for the yellow Warbler, clutch size is directly reìated
to breeding densÍty (taole 29). This apparent relationship may be the

result of two other contributing factors. variation in food suppìy in



Table 29. Clutch size in relation to

Locat i on

Mi chi gan

Wi scons i n

Lati tude

North Dakota 46-49

Mi ch i gan

Utah

Al berta

I owa

Man i toba

breeding density and location.

Dens i ty
( prs/ha )

43

43

55

42

42

49-60

43

50

Clutch Size

2,!1

3.5

0.2
1

5 .5-8.2-

l9.l

lvulr., from Busby 1918.

2.9

3.5

3.6

3.8

3.9

4.0

4.0

4.5

Reference

McGeen (1972)

Young (1949)

Stewart (ì975)

Batts (lgOl )

Frydendal I (1967)

Sal t (l 973)

Schrantz (1943)

This study
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those studies risted may affect the crutch size and the ratitude
(Lack 1954) may aìso contribute to the size of clutches laid. clutch
size in those studies above 45o ratitude was greater (4.0) than in
those below 450 (3.6).

Arthough the onset of raying varied annuaìry because of spring
weather conditions, differences in food supply were sman (approxi-
mateìy 8% smaller in 1976 than in.l9Z5) (Busby l97g). Annual varia_
tion Ín clutch size of the Yellow l^larbler^ is not greatly influenced by
proximate environmental factors.

As.vnchronous hatch ing

Reproductive success is infruenced by patterns of hatchîng (Howe

1976)' An asynchronous hatching pattern may resuJt in the e.limination
of the youngest nestìing through starvation (l¡lillson 1966, Dyrc z j9l4)
a'lthough this is not always the case (Best 1gT7). Reasons why the
phenomenon of asynchronous hatching is considered adaptive are (ì ) the
feeding responsibirl'ties of the parents are eased, (z) incubation is
initiated prior to crutch comp'retion thereby reducing the time the eggs
are exposed (r-iil 1974), (3) mortarity in high predation situations is
reduced (Husser i lgrz), and (4) the brood size is adjusted to the food
suppìy (Lack 1941, ì954, 1966).

Asynchronous hatching has been reported for the yellow l,rJarbler '

(Gross .,934, 
Schrantz r943, Kammeraad r964) and its occurrence on the

Delta Beach Ridge was due to incubation prior to crutch compretion.
Young that died in the nest possibry due to starvation in .1976 

may
have done so because of increment weather conditions. The food suppìy
appeared to be abundant (Busby 1g7g) and therefore starvation of the
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youngest sibling because of asynchronous hatching need not occur.

With high predation rates on the ridge, it is adaptive for

Yellow warblers to commence incubation prior to clutch comp'letion

thereby concealing the eggs from predators. Asynchronous f'ledging

provides a better opportunity for some of the young to survive than

having a1ì the young at the same developmental stage. with an ade-

quate food supply, spreading out of the parental feeding duties may

not be important on the ridge. with easiìy accessible food resour-

ces, time used in foraging may be reduced and the effect of asynchro-

nous hatching on parental feeding tasks may be cancelled out.

Reproductive success.

' Nest success of the Yellow Warbler ranges fron 42% to 75% (table

30). success of nests in the present study (49%) falls w'ithin the

range of these studies. Nest success in open-nesting altricíal birds

ranges from 38% to 77% with an'average of 49% (Nice .|957). 
These

figures must be vÍewed with caution since the procedures were not out-

lined in l7 of 35 studies and may inc'lude nests found after clutch

completion whích would bias them toward success (Woolfenden and Rowher

ì969). There are several stud'ies of paruìids which have attempted to

minimize the bias toward success. Mayfield (1960) found nest success

to be about 45% for the KÍrtland's Warbls¡ (!. kirilandii), while for

the Yel low-breasted chat (Icteria virens) and prairie warbler (D. gþ-
ggl_qd it was 22% (Thonpson and Nolan 1973) and l5% (Nolan 1963) res-

pectively. Both hatching success and fledging success of eggs laid in

the present study were the second lowest value when compared to those

studies cited in Table 30. However, fledging success of nestlings in



Table 30. Reproduct'ive success of the yeìlow Warbler.

No. of
nests

4L

12

16

20

152

262

29

227

Hatchi ng

Success (%)

7L

48

57

84

Fì edgì i ng

Success (%)

( Eggs )

Fl edg'l i ng

Success (%)

(Nestl ings)

54

33

39

38

lYorng fì edged

2Dutu from Prairìe Nest Records Scheme

56

3Based on 235 active.nests found before the rast egg was laid

i

nÞÌ

76

70

67

Nest

Succes s

nest

35

Productj vi tyl

42

75

45

69

48362

2.2

2.8

Source

1.5

Schrantz (1943)

Young (1949)

Kende'igh (1941 )

Batts (.|961)

Salt (1973)

McGeen (197?)

Kendeigh (19a2)

This study1.5

(tr
æ
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this study !{as the lowest value compared to the other studies. Pro-

ductivity (young f'ledged per nest) in this study shared the lowest

value with that of Batts' (1961) value. It is evident from these

comparisons that the reproductive success of the Yellow Warbler on the

Delta Beach Ridge is not unusually high. In fact, it is lower than

most studies. A superabundant food suppìy does not necessariìy guaran-

tee a high fledging success since predation and cowbird parasitism

reduce the potentiaì reproductive success. Predation was the major

cause of nest failures (Table 25) and may be the main factor which pre-

vents the Yeìlow Warbler from producing more young on the ridge. How-

ever, with a dense breeding popuìation and a ìow productivity, more

young wil'l be fledged per unit of habitat than at low population

levels. Thus the dense population of Yellow Warblers on the Delta

Beach Ridge does not produce more young per nest as a result of an un-

limited food supply but rather nests in high numbers to produce more

young at a low productivity rate. Green (1977 ) has shown that in an

increasing breeding population of birds, the number of young produced

can increase even though the apparent value decreases. Breed'ing at

high densities as compared to ìow may result in increased reproductive

success. Robertson and Norman (1977) found at Delta, Manitoba that

most passerine hosts to the cowbird Íncluding the Yellow l^larbler, had

higher f'ledging success at high nest densities compared to low. They

attributed this difference to host mobbing in high density situations,

thereby reducing the frequency of parasitism.

Nest success has been reported to increase with the advance of

the breeding season (Longcore and Jones 
.|969, 

Roseberry and Klimstra

1970, Thompson and Nolan 
.|973, this study). This may be attributed
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to the development of vegetation cover as the season progresses, in-

creased nestling attention by adults because of the smaller clutch

sizes of renests (Longcore and Jones 1969) and changes in the d'iets,

act'ivities, numbers or species of predators (Nolan 1963). In the

present study, nest success was lower in an early breeding season

(1976) than in the later season of 1974 (faUle lB). It is suggest-

ed that some of the factors which influence nest success over a

season also affect annual nest success, depending upon when the

breeding season was initiated.

it has been shown that nest success increases (Ho'lcomb 1969) or

decreases with nest height (Longcore and Jones 1969, Holcomb 1972).

Aìthough not significant, Yellow l,larbler nest success on the Delta

Beach Ridge was lower in nests belour 3 m than in nests that were

higher. One factor which decreased nest succesé, especially those

nests less than 3 m, was cowbird parasitism. l,lith the mean height

of parasitized nests being l.l m (Part II), nests less than 3 m have

a greater probabiìity of being paras'itized and unsuccessful. High

nests are less susceptible to parasitism and enjoy a greater probabi-

lity of success. Nest success relative to height may be influenc

by the limit of height at which predators are active. Defoliatio

of vegetation by the Forest Tent Caterpillar (l4alacosoma

in 1976 may have aided predators in locating nests, however, Fashing-

bauer et al . (1957) found that nest success uras actual'ly greater in

a defoliated plot than in a control (undefoliated) plot. Higher nest

heights in 1976 may be explained by the fact that defoliation may

have rendered nests and activitíes of Yellow llarblers more v'isible

than in the prevíbus two years.

disstria

ed

n

)
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One way in which a bird can contribute to increasing its repro-

ductive potential is by raising a second brood (Marshall and Balda

1974). However, the occurrence of second broods is dependent upon

the earliness of breeding while the food supply may determine their

frequency (Dunnet'.|955). There is evidence-thatat least some Yel-

low Warblers on the Delta Beach Ridge attempt to raise a second brood.

This reproductive strategy contributes to maximize Yellow l^larbler

productivity in a region where productivity'is low.



PART iI

COWBIRD PARASITISM 0N THE YELLO!,I I^IARBLER
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I NTRODUCT I ON

The Yel low l^larbler (Dendroica petechia) is a frequent host of

the Brown-headed cowbird (Molothrus ater) (Bent .|953, 
Friedmann

1963). since parasitism decreases the number of young fledged by

the host (Mayfiejd 1960, Hill 1976), it therefore influences the

host's reproductive success. Aspects of cowbird parasitism of the

Yellow warbler have been examined by McGeen and McGeen (196g) and

McGeen (1971 , 1972). Rothstein (lgzs) and Robertson and Norman

(1976, 1977) have examined its response as a host. In this paper,

I examine aspects of cowbird parasitism of a dense popu'lation of

Yel I ow l,{arbl ers.

STUDY AREA AND METHODS

This investigation was camied out during the breeding seasons

of 1974-76 on the forested beach ridge between Lake Manitoba and the

Delta Marsh, Manitoba (50oll' g8olg'). Nests were checked almost

dai'ly' the regu'larity of daily inspection increasing with each season.

0nìy active nests were considered in this analysis. In determining

the timing of cowbird egg laying, it was assumed that the Yellow hlarb.

ler had laid at least a 4-egg clutch. Further information on the stuåy

area and methods may be found in part I.
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RESULTS

The cowbird's layjng season for the 3 years of the study began

in the fourth week of May and extended to the second week in July

(Fig. l). Cowbirds laid from I to 3 eggs per actjve nest (Table l).
One cowbird egg laid per active nest occurred in BS% of the 82 nests.

The annual difference for the mean number of cowbird eggs 'laid per

season was small w'ith a pooled mean of 1.2 eggs per active nest.

Parasjtìsm was 23.6% to 26.1% with an average of ?4.8% in 33.l actjve

nests'in the study. cowbirds laid their eggs durìng the early stages

of Yellow warbler nest activities (Table 2). cowbird eggs laid be-

fore jncubation (incubation defined as after the last or fourth egg

was laid) comprised 83% of all cowbird eggs laid. parasitism was

most frequent (58.3%) during the layìng period of the host.

Yellow Warblers responded to parasìtism 'in two ways. They ei-

ther accepted or rejected the cowbird egg. Rejection resulted in

nest desertìon or burial of the cowbird egg; a new floor was then

added to the nest. 0f 72 cowbird eggs la'id in active nests, 40% were

accepted and 60% were rejected (Table 3). Most rejected eggs were

buri ed.

Those nests higher than 4.91

The mean height of unparasitized

sítized nests (z test, P (.05).

m were not parasitized (Table 4).

nests was almost twìce that of Dara.
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Figure ì. Exact dates for cowbird

hlarbler nests. Arrows

tion date of the Yellow

eggs laid in

indicate mean

Warbl er.

active Yel low

clutch initia-
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Table l. Frequency of cowbird paras'itism on the Yellow Warbler,

1974-76.

Yeat No. of cowbird eggs

ìaid per active nest

66

197 4

1975

1976

Total

12

?7

3l

70

2

3

3

Mean

3

No. of
actíve nests

0

l0

1.3

l.l
l.l

1.22

Percent

parasi ti sm

64

ll9

148

331

25.0

26.1

23.6

Mean 24.8



Table 2. Timing of cowbird egg deposition in active yellow warbler

nests , 1974-76.

Nest stage

Preìaying

Laying

I ncubati on

Nestl ing period

Total

67

197 4

5

1975

6

14

2

0

22

1976

l3

4

l6

4

I

25

Total Percent

l5

35

I
2

60

25.0

58.3

13.3

3.3

99.9



Table 3. Response of the Yellow Warbler to cowbird paras'itism,

1974-76

Response

Accepted

Bu ri ed

Deserted

Totaì

Number of cowbird eggs

68

197 4

4

3

1

I

1975

ll
9

4

24

197 6

l4

I
7

30

Total

29

3l

12

72

Percent

40.3

43.1

16.7

100. I



Table 4. Comparison of nest height (cm) of active unparasitized

nests and al1 parasitized nests.

Unparasi ti zed

Paras i ti zed

69

242

77

Mean and S. E.

200. I

109.7

1

1

10.32

10.26

Range

27 .0

21.0

854 .0

49.|.0



DI SCUSS I ON

Several studies have examined the incidence of cowbird parasi-

tism on the Yellow warbler. Hicks (1934) found 6? of 142 (42%)

nests in Ohio were parasitized. Parasitism rates as high as 65%

(14 nests) and 70% (10 nests) have been reported for London, Ontario

(scott 1977). Robertson and Norman (1917) found parasitism in 0n-

tario r¡ras 30.0% of 484 nests. Parasitism in this study was 24.9%,

slightìy higher than that reported by Robertson and Norman (1917)

who found cowbird parasitism to be 20.6% (ì02 nests) 'in Manitoba.

Variation in cowbird breeding densities may exp'lain this difference

(see E'lliott 1978). Mayfield (196b) considered parasitism to be

moderate at the l0-30 percent level.

For the Delta Marsh region, Robertson and Norman (1977) showed

that in high host nest densities (>24 nests per ha) parasitism

was significant'ly lower than in low nest densities (< zq nests per

ha). They attributed this difference to the host's mobbing response

to cowbird intrusions. Several host species were involved, 'including

Yel low l^larblers. Aggression in the Yel low warbler at a high nest

density was greater than at a low nest density. It was suggested that

aggressive host behaviour acts as an antiparasite adaptation only in,

host populations of high dens'ity.

The range of cowbird eggs per parasitized nest in the present

study is smaller than that found by scott (i977) where the range was

2 to 7 eggs with a mean of 3.9 (in 1969) and 2.7 (1960-68). young

(1963) summarized several studies and found the mean to be'1.5 eggs.

70
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Berger (.|951) reported a range of l-3 eggs in parasitized yellow

l.larbler nests and the mean caìcu'lated from his data was found to

be 1.8. It has been suggested that îf nests are limited, a cow-

bird will ìay more eggs than the usual I egg per nest (Hann rg4r).

since there is a dense breedÌng population of yellow llarblers on

the Delta Beach Ridge, the cowbird has numerous opportunities to

parasitize their nests. The expected result, a low to moderate

incidence of parasitism with each parasitized nest receiving 'l

cowbird egg, was found in the present study

cowbirds generally lay their eggs in nests during the host's

laying period (Hann l94l). Norris (1947) found that cowbird,s

eggs would be accepted if they were laíd in singìes and-not prior - -

to the ìaying of the host's eggs. The Yellow l^Jarbler is consider-

ed to be a poor host since multip'le eggs are infrequent'ly accepted

and eggs which are not synchronized with its laying period are not

tolerated (tlcGeen 1971). Synchronization, in McGeen,s study, was

42.5% with a desertion or burial rate of B6.s%. In the present

study, synchronization differed only sìighily from rejection (s9.3%

and 59.7%, respectívely). variables promot'ing the differences found

in l4cGeen's and this study may include the densities of Yellow Warb-

ler and cowbird populations as well as their historical exposure to

each other.

Host species of the cowbird are divided,into two. grloups: rejec-

tors and acceptors. The Yeìlow t'larbler is considered an acceptor

species by Rothstein (1975). He found that in 16 cases of parasitism,

with real and artificial êggs, all were accepted by the Yellow Warbler.
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He contends that egg buria'l and nest desertion are not antiparasite

adaptations. He suggests that desertion may be the result of resear-

cher visits to the nest, aìteration of clutch size by the cowbird

(therefore -interfering w'ith the normal stimr¡lus-of -incubation) or the

host's discovery of the cowbird at the nest. Egg burial is equated

with the bird's response to a strange object in the nest. He suggests

that the de'lay caused by egg burial may result in nest stages (nest

building and laying) occurring simuìtaneousìy rather than consecutive-

ìy as is the usual pattern. This would, therefore, explain why host

eggs may also be buried.

In the present study, frequency of nest desertion was about 4

times greater for parasitized nests (29.5%) than for unparasitized

nests (7.6%). At least 20.5% of the desertìon in parasitized nests

were attributed directly to the cowbird. This would mean that para-

sitized nests still were deserted about 3 times as often as unpara-

sitized nests. Since both types of nests were visjted by the author,

the frequency of desertion because of human disturbance should be

the same. These data suggest desertion due to researcher visits

should be minimal. The normal stimulus to incubation is not neces-

sarily affected by an increase in surface area of eggs since Yellow

Warblers incubated up to 5 eggs plus a cowbird egg. The third ar-

gument can not be refuted since the Yellow l^larblers' response to :

the cowbird at the time of parasítism was not observed.

Egg burial was more frequent than desertion. 0f 72 cowbird

eggs, 3ì (+¡.1%) were.buried while l2 1èggs 06.7%) were deserted.

Rothstein (1975) suggested that to show whether egg burial is indeed



73

.a response to the presence of the cowbird egg, parasitized nests

should result in egg burial of the cowbird egg and host egg(s)

whïle egg burial should not occur in unparasitized nests. During

1976, Yellow Warblers buríed cowbird eggs along with their own eggs.

A single case of egg burial in an unparasitized nest was recorded

in 1976. Predation was probab'ly responsible for tlris behaviour.

The evidence suggests that egg burial is a common event in parasi-

tized nests. Experiments comparing the response to strange items

and cowbird eggs are needed to show conclusiveìy whether Yellow

Warblers respond specificàl'ly to the cowbird egg or whether they

respond generally to any strange object in the nest. Until further

data clarify the response of the Yellow Warbler to the cowbird eggs,

nest desertion and egg burial should be considered as potential

antiparasÍte adaptations for this species.

Studies by Wiens (1963) and Nolan (1963) have shown no pre-

ferred nest height at which parasitism occurs. In the present

study, parasitized nests were significantly lower than unparasi-

tized nests. The expìanation may be found when examining the his-

torical habitat and habits of the cowbird. Historically, cowbirds

inhabited grassy-pr"air.ies-(-Mayf-ield I 965) . May-fie1d suggests that

grass'land hosts are less tolerant of the cowbird because of the

long exposure to it'while hosts in forested regions tolerate it more'

because of less exposure to the cowbird. Since cowbirds originally

would have parasitized hosts which nested on the ground or close to

it, they wouìd, therefore, select low host nests in forested regions.

There is ample opportunity for nest parasitism on the Delta Beach
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