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INTRODUCTION

This study on the Mourning Dove (Zenaidura macroura) was 

designed to provide a basic description of growth in the nest

ling stage of development for this species, and in this particular 

locale. The description is in terms of growth rate and attainment 

of various anatomical features including feather measurements; it 

also includes the occurrence of several behavioral capabilities.

It was anticipated that this would afford a further means for the 

comparison of growth on both the interspecific and intraspecific 

levels (Ricklefs, 1968). The basic assumptions are that each 

species has a characteristic growth pattern, and that external 

factors influence growth within a species.

The immediate object of this investigation was to look for 

variation in the growth pattern as influenced by: (1) sequence of 

hatching, (2) the number of young in the nest, (3) the time of the 

breeding season, and (4) the year in which the nestlings were 

raised (1966 or 1968). These would stress the role of physical 

factors associated with a particular geographic location, and 

the fact that they effect growth either through the parent (as re

gards parental care) or directly on the nestling. In addition, 

it was intended that an equation for the calculation of nestling 

age would be established.

Beyond this strict comparative value of the work as regards 

principles of growth, it is hoped that it will provide useful and



2

practical insights in terms of management. In many states there 

is a hunting season for doves at the end of the breeding season: 

sometime in September before migration. In fact the Mourning 

Dove is the most extensively hunted game bird in the country.

There are, however, those states that feel that this hunting re

duces the population each year by leaving many late season nests 
unattended (Cheney and Cheney, 1967). It is possible that nest

lings from this period are less likely to survive due to a combina
tion of factors already alluded to, particularly due to possible 
changes in parental behavior. A parent may become less attentive 

to squabs resulting in their leaving the nest at a lighter weight. 
To further speculate, a weight setback this late in the season 

may greatly influence the nestlings changes of survival. If this 
were the case in any specific area, a hunting season might better 
be justified, since these late nestlings would not be a contribu
tion to the population.
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METHODS AND MATERIALS

The nestling doves were located in the wild near Fremont, 

Nebraska in 1966 and near Waterloo, Nebraska in 1968. The study 

included roughly three-quarters of the breeding season in 1966: 
the first recorded nest being on April 27th and the last on July 
25th. In the 1968 study it was intended that birds from the entire 

breeding season be included, or for as long as they were available 
in the study area. This happened to be from April 25th through 

September 13th.
To provide comparisons, the breeding season was divided into 

four intervals of approximately 35 days each. This particular di

vision was based on the assumption that a pair could successfully 
nest four times during a season, though this would be unlikely.
The time in one interval, then, would include nest building, incu
bation, and care of the young. Table 1 shows these intervals, the 
total number of nests studied during each interval, the total num

ber of young measured, and the number of young to fledge. It also 
includes the number of nestlings from a nest of one, two or three. 

It is possible that a third egg could have been added by another 
female; or, in the case where only one is present, that one of the 

original pair was infertile or destroyed.
When nests were found they were visited each day. The eggs 

were numbered in the sequence of laying, weighed to the nearest 
one-tenth gram on a double beam balance, and measured in length and 

width to the nearest one-half mm with a vernier caliper. Once the
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eggs had hatched a nest was visited daily at approximately the 

same time each day. Weights for each nestling were determined to 

the nearest one-tenth gram. The other measurements of growth, as 

suggested by Holcomb (1968) , were made on the following structures 

or portions of nestlings:

Total length - distance from the anterior tip of the culmen to

the tip of the tail (including rectrices when present)---

nearest mm

tarsus - nearest one-half mm

wing - distance from the last bend in the wing (radiale region) 

to the tip of the phalanges before feathers were present, 

and to the tip of the longest primary when feathers were 

present ----  nearest mm

mandibular tomium - distance from the anterior tip of the lower

mandible to the commissural point ----  nearest one-half mm

mandible tip (culmen) to nostril opening - distance from the

anterior tip of the culmen to the anterior edge of the nos

tril opening ----  nearest one-half mm

toe span - distance from the tip of toe 1 to the tip of toe 3 when 

extended ----  nearest one-half mm

The following feathers were measured to the nearest mm: 

alar tract - the second primary (left wing)

humeral tract - the longest feather (usually found in the middle 

of the tract running parallel with the body) 

capital tract - center of the coronal region 

spinal tract - longest feather in the interscapular region
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ventral tract - the longest feather in the axillar region

The feather pterylae mentioned here are described by Wetherbee 
(1957), and included in a similar work with the American Goldfinch 
(Spinus tristis) by Holcomb (1969) and with the Redwinged Black

bird (Agelaius phoeniceus) by Holcomb and Twiest (unpub. b).

Through the course of feather development the day at which a 

feather would project through the epidermis was noted. It was at 
this time that measurements on that particular region started.
The time at which the capsules began to 'fringe' also was recorded. 
The ends of the capsules break open and the feather barbs become 
visible. Investigators (Pearson and Moore, 1939; Swank, 1955; Han
son and Kossack, 1963; Holcomb and Twiest, unpub. b) have used the 
time of occurrence of these events (particularly in the alar tract) 

as indices of nestling age.
In addition, the occurrence of several behavioral capabili

ties was recorded. Among these was the day on which a nestling 
first defecated at handling. It has been suggested by Holcomb and 

Twiest (unpub. b) that the nestling gains greater control of the 
'eliminative reflex' with age. Various stages of eye opening were 
noted (Burns, 1921; Fautin, 1941; Holcomb and Twiest, unpub. b; 

Holcomb, 1969). This event is important in that it probably ini

tiates new types of behavior. Notation was also made of the day 

on which a nestling could (1) grasp a piece of wood dowelling 

(graded sizes enabling the nestling to wrap its toes completely 
around the dowelling) for at least 5 seconds without balancing and
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(2) balance itself on the dowelling for the same period of time. 

Similar observations on coordination are mentioned by Lea (1942), 

Laskey (1944), King (1955), Sutton (1959), and Holcomb (1966). 

Lastly, fledging time was considered variable and worthy of note.

Nesting adults were sacrificed regularly in conjunction 

with another study on reproductive physiology (Maridon, 1969). 

They were weighed and measured so that nestling attainments could 

be calculated as a per cent of the adult size.

The resulting data on nestling growth was typed into compu

ter cards (IBM 1130 at Creighton) and identified as to the par

ticular measurement, the year, the interval of the breeding sea

son, the sequence of hatching, and the number of nestlings in the 

nest. From these the number, mean, standard deviation, and the 

standard error of each day's attainment was found for all the 

nestling characteristics. These values were standardized by be

ing made a percent of the attainment for that measurement from 

average values on the tenth day.

As another means of comparison, a value for relative growth 

was calculated acoording to a logarithmic relationship between 

the growth value on any one day and the value on the previous 

day. This formula, a modification of the one developed by Brody 

(1945), is valid if it can be assumed that growth during any 

one day is logarithmic even though over the entire nestling 

period it is not (Dawson and Evans, 1957; Banks, 1959). The
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formula was: R = 2.3 log ~ 1°8

Here, W-̂ is the weight (or any other measurement) at time,

T]̂ (days); and V? 2  is the measured value at time, T2 . The time 
interval was one day in every case. The value 2.3 is a conversion 

factor from natural logarithms to those of base 10. The R values 
were calculated between every two days, for all measurements, and 
for each characteristic. Again the number, mean R value, stan
dard deviation, and standard error were included. As an addi
tional way of comparing growth, particularly on the interspecific 

level, a growth index was calculated as suggested by Banks (1959). 
This was done by taking averages of the daily individual R values 
over an entire nestling period (this was taken to be the average 

day of fledging).
To facilitate a graphic description of the rate and form of 

growth, the method of curve fitting presented by Ricklefs (1967) 
was used. This involved recalculating the growth data as per
centages of the estimated asymptote, or final weight of the 

growth curve. Conversion factors from either the logistic, Gom- 

pertz, or von Bertalanffy equations were plotted depending on 

which equation best fit the particular growth data. These con

version factors correspond to the percentage growth data as a 
function of time. The resulting relationship follows a straight 
line whose slope can be easily determined and compared with
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other slopes of the same equation (the slope representing 
growth rate). The different equations, then, indicate differ

ences in the form of the growth pattern. Ricklefs cautions that, 
"the selection of these equations does not imply that they have 

any biological significance, or that they are realistic models 

of the growth process, but merely that they are well-suited for 
comparative descriptive purposes and have been found to approxi
mate the growth curves of many kinds of organisms".

Correlation coefficients were obtained for each growth 
measurement compared with each of the other growth measurements 
in addition to the age in days. This was calculated from data 

on 28 birds (1968) through day 10 (the day of hatching was de
signated day 0). The characteristics that appeared to corre
late best with age were selected and a stepwise regression rou
tine was used to determine the best criteria for predicting the 

age of nestlings. The regression coefficients for the selected 
criteria were determined. Similar equations have been established 
by Holcomb (1969) for the Goldfinch and Holcomb and Twiest (un
pub. b.) for the Redwing.

Local climatological data was obtained from the Environ

mental Data Service of the U. S. Department of Commerce. The 

recordings were made at Eppley Airfield in Omaha. They provided 
the average temperature and total rainfall in each of the four 
intervals for the years 1966 and 1968.
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RESULTS

The results will be presented in four general sections;

a) the means through which growth and development were analyzed,

b) the analysis in terms of differential development, c) the 

analysis in terms of growth rate, form and interspecific compari

son, d) the analysis in terms of intraspecific growth fluctua

tions.

a) The means through which growth and development were analyzed 

From Table 1 it can be seen that a total of 83 nestlings 

were measured at least once and at a day of known age. Of these, 

53 were weighed and measured each day, from hatching until the 

day they left the nest. Tables 3a through 3d show mean attain

ment on each day for the measurements: toe, tarsus, wing length, 

under jaw, mandible-tip to nostril, total length, and weight. 

Tables 3c and 3d include growth of five feather tract regions.

The ventral tract was excluded because the investigator found 

it too difficult to make consistently accurate measurements once 

fringing had taken place. Table 2 contains the average adult 

values for 16 femals and 15 males. These values were com

bined for calculating nestling growth as a per cent of the 

adult value. Sexual differences would not be included in that 

one had no practical way of determining the sex of the nestling.
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Tables 3c and 3d show the days when records were first 

taken for different feather tract measurements. It is at this 
time that a feather is said to be projecting through the epi
dermis; the alar tract is the first to project. On the average 
the primaries were projecting by day 1. The humeral and caudal 
tracts were projecting by day 3, and the spinal and capital 
tracts by day 4. Hanson and Kossack (1963) reported the emer
gence of primaries a key character of day 2 nestlings; and the 
emergence of caudal feather sheaths on day 3.

In Table 7 results from these few numbers indicate that 
the alar feather capsules fringe around day 6. Generally, the 
humeral, spinal, caudal, and ventral tracts were found to fringe 
the next day, with the capital tract following a day after these. 

The results are in general agreement with those of Nice (1922) 
and Hanson and Kossack (1963), though an expected degree of varia

bility exists.

The occurrence of the behavioral capabilities is shown in 
Table 6. The percentage of nestlings which defecated each day 
increased until by day 10 they were eliminating wastes regularly 
when handled. It appears that between days 4 and 5 most of the 

nestlings did defecate for the first time when handled. Table 7 

shows the frequency of first occurrence of this capability in 
relation to the other nestlings. The indication is that a con

siderable variation exists in the time of this first occurrence.
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Eye opening (Tables 6 and 7) had begun by day 2 and was 

completed in all nestlings by day 10. On the average, Mourning 

Dove nestlings had their eyes fully open by sometime during day 
6.

From the few observations of Table 7, gripping was accom

plished by day 6. This was done by hanging from the dowelling 

bottom-side up. It was usually on the following day, once alar 
fringing had occurred, that the nestling could balance itself 
(5 sec.). This could be described at best as unsteady.

Fledging generally took place between days 10 and 11. The 
nestling would leave the nest at this time, but in a number of 
instances it was found near it for one or two additional days.

The stepwise-regression procedure, used for establishing a 
means for predicting nestling age, selected from 12 independent 
variables, with the dependent variable being age. Appendix A 
contains correlation coefficients of all these variables against 
each other. From Table 5 equations can be established including 
from one to six of the independent variables depending on the de
sired degree of accuracy. Beyond this point the standard error 
of estimate did not drop below 0.52. The regression equation 

into which these values are substituted is the following:

Y - 6 > y + Byx1X1 + Byx2X2 + • • • • B y x ^  - 1 
Here, Y is the dependent variable for age (days); diy is 

a constant for each equation depending on the number of independent
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variables included; Byxl is the regression coefficient for that 

particular independent variable, X^. As an example, if a nestl
ing were found that had a tarsus length of 18.5 mm, an under jaw 
of 15.0 ram, a second primary in the alar tract of 60 mm, and the 

longest spinal feather of 14 mm, the age would be equal to the 
<X. y constant for that particular group of independent variables 

(-1.13), plus the Byx coefficient for tarsus length times the 
tarsus value of 18.5, plus the Byx coefficient for under jaw 
times 15.0, plus the Byx coefficient for the alar feather times 
60, and plus the Byx value for the spinal feather times 14.
From this one is subtracted because the first measurements were 

day 0 values. The resulting equation is:
Age = -1.13 + (.15) (18.5) + (.19) (15.0) +(.12) (60) +

(-.09) (14) -1 = 10.9 days
These values were randomly selected from a day 11 bird.

b) The analysis in terns of differential development
It is seen in Table 3b that the mandibular tomium or under 

jaw is 44 per cent of its adult attainment at hatching. This 
is the largest initial percentage of any of the characters 
measured. The growth appears quite regular throughout the nestl

ing period (Figure 1), being just slightly higher during the 

first half. By the time of fledging it has reached approximately 
78 per cent of the adult size. A very similar pattern is found
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in the measurement from the mandible-tip to the anterior edge 

of the nostril.

The toes (toe span) were also well developed initially; 

they were 35 per cent of the adult value at hatching. By day 

5, they were 76 per cent and at fledging 97 per cent (Table 3a). 

No other character reached adult size by the time the bird left 

the nest. However, the tarsus length was well developed at 

fledging.

The total length appeared to increase steadily throughout 

the nestling period from 23 to 57 per cent (Figure 1). Growth 

in wing length was similar in that daily increase was uniform, 

though slightly greater (Table 3a). Here, the initial size was 

9 per cent and that at fledging 55 per cent.

The mean weight at hatching in Mourning Dove nestlings was 

6.6 grams. This was approximately 5 per cent of the adult size 

(Table 3d). The greatest mean gains occurred between days 2 and 

7, and by day 11 the nestling was 49 per cent its final weight.

The second primary (alar tract) was not visible at hatch

ing but by day 11 was 76 per cent of the adult feather length. 

The greatest mean gains were between days 3 and 10 (Figure 1). 

The longest feather in the humeral tract had projected by day 3 

and was 67 per cent adult length at day 11. It had its greatest 

mean gains between days 3 and 10; these remained relatively high
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through day 14. Measurements were not recorded after this time 

(Table 3c). The growth of the longest feather in the spinal 
tract was very similar to that of the humeral tract (Table 3d).
The outermost rectrix, though, grew slower and at a more steady 
daily increase with days 8 through 10 being the highest (Table 
3d).

c) The analysis in terms of growth rate, form, and inter
specific comparisons

The values for growth rate (R-values) between successive 
days for each measurement are in the tables 4a, 4b, and 4c. An 
index or the average of R-values for the nestling period (11 

days) is also present for each measurement. An examination of 
these tables indicate that the R-value is greatest initially, 
and greater for those measurements which were the lowest percen

tage of the adult size at hatching. This apparently had a greater 

effect on R-values and indices than did the range between the 
initial and final nestling percentages of the adult size.

Table 8 contains the R-values and indices for weight from 
the data on several available species. The Redwing and the White- 
crowned Sparrow (Zonotrichia leucophrys) have the highest indices 
per nestling period at a value of .23. These are followed by the 

Mourning Dove at .19 and the Goldfinch at .17. Holcomb (1969) 
reports other index values as lower in the Goldfinch when compared
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to those for the Redwing and other passerines (Maher, 1964;

Dawson and Evans, 1960). This might be expected since Gold

finches remain in the nest longer than Redwings. Corresponding 

values in the Mourning Dove are below those for the Redwing but 

fluctuate with those of the Goldfinch. These differences are 

probably indications of the differences in adult body form.

The method of curve-fitting as suggested by Ricklefs (1967) 

was applied to the average daily weight values of the Mourning 

Dove. The asymptote used was the weight value for the 11th 

day. These data were best fitted by the conversion factors from 

the logistic equation (Robertson, 1923). A growth rate constant,

K was derived for weight growth in the Mourning Dove as suggested 

by Ricklefs (1967). For the logistic equation, IC is 4 times the 

slope, which in this case gave a K-value of 0.476. Since K is 

independent of body size, all species fitted by the logistic equa

tion are compared directly.

d) The analysis in terms of intraspecific growth fluctuations

The growth data were examined to see if the Mourning Dove 

nestling growth fluctuated depending on (1) the number in the 

nest, (2) the sequence of hatching, (3) the time of the breeding 

season, or (4) the year in which the nestling was raised (1966 or 

1968). Four of what were considered the best means of measurement 

were employed. They were weight, alar feather, total length, and
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wing length. They all correlated well with age, and increments 

each day were large enough to prevent great overlap of the range 

of values between one day and the next.

1. Growth depending on the sequence of hatching.

Generally two eggs were laid in a Mourning Dove clutch and 

one would hatch a day and sometimes two days before the second. 

Because initial growth is so rapid, one might expect that a nest

ling with a head start on growth would be more able to compete for 

food. To test for this, all nestlings (of a nest of two) were 

divided into first and second hatched. The 11th day attainment 

values for each of the four measurements were tested with the 

Student's t-test (two-sided) at the .05 level to see if a signifi

cant difference existed; and in all cases there was a significant 

difference in favor of the first-hatched.

In tables 11a, b, c, and d, the mean daily attainment for 

each of second hatched nestlings is shown as a percent of 10th 

day attainment in the first hatched nestling. Day-by-day percent 

comparisons are shown between the two; and the indications are 

that the first hatched nestlings grow faster during the first 10 

days.

The R-values for each measurement were averaged and the in

dex values compared. There were no differences in these values 

between the first and second hatched nestlings for any of the
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measurements. This gives evidence that the growth rate was not 

influenced by hatching sequence.

Rate constants, K, were computed from the growth curves for 
the four measurements. There was an indication that the growth 
rate for weight was larger in the first hatched nestlings. The 
K-values were 0.536 for the first and 0.516 for the second- 

hatched; or the rate was 1.03 times faster in the first nestling. 
There were no apparent rate differences in K-values for any of 

the other measurements.

2. Growth depending on the number in the nest.

In some instances the Mourning Dove nest will contain only 
one egg. One may have been destroyed or carried off by a pre
dator. Sometimes one egg of the clutch will be infertile and 

only one will hatch. If sibling competition is a factor in 
nestling growth it would seem that a nestling with no such com
petition would grow faster. Tables 12a, b, c, and d contain the 
average daily values from nestlings which were of a nest of two 
as percentages of the 10th day size of those siblings which were 
alone. Again day-by-day comparisons are shown. The indications 
from the number of nestlings which were alone, is that they do 
grow faster in three of the four measurements compared.

The growth rate indices from average R-values were again
t

compared and no apparent differences were seen between any of



18

the measurements.

The growth curves from logistic conversion factors were 

examined. For weight there appeared no slope differences through 

the first five days. The scatter in points after this time 

favored a slight rate increase in nestlings from a nest of one. 

There were no K-value differences between groups for the other 

three measurements.

3. Growth depending on the interval of the breeding season.
Tables 13a, b, c, and d contain average daily values for 

each of the four measurements as percentages of the 10th day 
attainment of those measurements from interval two. The indica
tions are that nestlings from the second interval (5/26 - 7/1) 
grew larger during the initial 10 days than did those at other 
times of the breeding season. Student t-test values obtained 
between mean weight values on day 11 also seem to bear this out. 

There is also the inference that nestlings from the first inter
val (4/20 - 5/25) grew less in weight during the nest period than 
those from the third interval (7/2 - 8/7). Rate indices from 

average R-values were compared but no consistent differences were 
found to support any of the above.

Table 10 contains the average temperature and total rain

fall for each interval and for both years. The average tempera
ture is nearly the same in each interval for the two breeding
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seasons; and it is much lower during the first interval than 

during the others. It should also be noted that the high total 
rainfall during interval four of 1968 did seem to influence the 
number of nestings. It can be seen from Table 1 that only five 
nests were found during this time.

Due to the scatter of points it was difficult to get a 

meaningful K-value for weight between the first and second in
tervals; but the tendency was in favor of the second interval 

having the greater rate constant. There were only negligible 

to no differences in curve slopes between these intervals for 

the other measurements; and no apparent differences for any of 
the measurements between the second and third intervals.

Table 9 shows seasonal measurements in weight, length, 
and width of both the first and second laid eggs of the Mourn

ing Dove. It is reported that generally the first laid egg of 

the clutch is lighter than the second and has the greater width 
to length ratio. However, the data from 34 measurements shows 

the first-hatched nestling weighing 6.53 grams on day 0 as opposed 
to 6.64 grams for the second-hatched from 29 measurements.

The weights of both the eggs appear to increase as the sea
son progresses while at the same time the width to length ratio 

decreases. Day 0 nestling weights are 4.50 grams from 10 measure
ments for interval one, 7.04 grams from 28 measurements for inter
val two, 6.99 grams from 23 measurements for interval three, and
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6.10 grams from four measurements for the last interval.

The data from Fremont in 1966 and Waterloo in 1968 was 
compared and no differences in either attainment or rate were 
apparent for any of the measurements.
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DISCUSSION AND CONCLUSIONS

a) The means through which growth and development were 
analyzed.

A field study of this kind, where comparisons of growth 

are made, requires a practical means of measurement. The pro
blem involves determining the best indicators of age. It is 
assumed that these will show the most regular growth and, there
fore, afford the most accurate comparisons.

Many investigators have used weight as their only means of 
measurement. It was probably felt that this included the sum 

total of all phases of development. In the Mourning Dove this 
is an accurate indication of age up to about four days. It is 

during this time that the growth is greatest in relation to that 
of the previous day. These nestlings, though, have a crop-sac 

that is, particularly in the early stages, a large proportion 
(up to one-half) of the total length. This can be filled to 
varying degrees depending on the parent, and effects the weight 
value. In the later stages of nest life the weight of nestlings 
of the same age, but from different nests varies considerably.

Even the same nestling shows no consistent gains, and will in 

many cases lose weight from one day to the next, showing a con

siderable dependence on weather conditions. Lack and Silva (1949) 

reported that in European Robins (Erithacus rubecula) the weight
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of the nestling has little influence on the rate of feather 

development, or on the length of the nestling period. This 

interdependence with a chain of external factors, can be useful 

if the observer isolates each factor and tests degrees of their 

effects.

The morphological characters other than weight are also 

limited in value for the prediction of age if considered alone. 

These limitations are in individual variation and in the de

creasing degree of daily increment with time. For instance, in 

the measurements of toe, tarsus, mandible tip to nostril opening, 

and mandibular tomium the daily increments are small and little 

noticeable change occurs in the last few days of nestling life. 

Further, these measurements are difficult to make accurately. 

Other characters such as total length, wing length, and alar and 

humeral feather measurements have greater daily increments, and 

a longer and more consistent growth; but individual variation, as 

evidenced by the increased standard deviations, becomes greater. 

Variability suggests causes, and these may be found in both the 

genotype and in its physical expression.

There have appeared a number of accounts dealing with growth 
and feather development of passerine species, among them those 
of Holcomb (1969). It was he who suggested the particular means 
of measurement used here. Because of the availability of this 
work and the author, comparisons will be made to growth in
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Redwing and Goldfinch nestlings. This will serve as a continued 

frame-of-reference for the present findings.

For the Mourning Dove the projecting and fringing times 

of the feather capsules, particularly the alar, appear good 

indicators of age through the seventh day. For example, a nest

ling found between the days when humeral and capital fringing 

occur would generally be a day 7 bird. In the Goldfinch the 

alar tract is the first to project. This is followed by the 

humeral, spinal, and ventral tracts while the capital and caudal 

are the last. By day 7 fringing has taken place in all but the 

capital and caudal tracts, which generally follow the next day.

A similar pattern of projecting and fringing is seen in the 

Redwing. However, the processes occur two to three days earlier 

than in the Goldfinch. All the Redwing nestlings have alar 

tract projection by day 3 while the process has not occurred in 

all the Goldfinches until day 5. However, a Goldfinch nestling 

will remain in the nest on the average of 12.3 days. This is 

approximately two or three days longer than Redwings.

Many investigators have found projecting and fringing times 

quite reliable as means of aging. Among them are Pitelka (1940) 

in the Black-throated Green Warbler (Dendroica virens) ; King 

(1955) in Traill's Flycatcher (Empidonax trailii); Walkinshaw 

(1938) in the Prothonotary Warbler (Protonotaria citrea); Weaver
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(1942) in the House Sparrow (Passer domesticus); Stoner (1935, 

1939, 1945) in the Barn Swallow (Hirundo rustica), Cliff Swallow 

(Petrochelidon pyrrhonota), and Eastern Phoebe (Sayornis phoebe); 

and Banks (1959) in the White-crowned Sparrow.

Banks (1959) noted that feather development is not always 

symmetrical. In the White-crowned Sparrow the lag involved is 

usually not great, but it is most pronounced in the primaries.

He also noted, "there appears to be no definite order in which 

the primaries break through, and no definite span of time over 

which the rupture of all primary sheaths takes place".

In nidicolous birds the opening of the eyes presents the 

nestling with a new dimension of stimuli. Banks (1959) again 

postulated for the White-crowned Sparrow that the occurrence 

of the nestling taking a crouching position may indicate the be

ginning of a fear response. It appeared to be correlated with 

the complete opening of the eyes. This correlation of the de

velopment of fear and the opening of the eyes was noted by Odum 

(1941) in Black-capped Chickadees. Baumgartner (1938) indicated 

that responses in Tree Sparrows (Spizella arborea) were more 

discriminate after the opening of the eyes. In the Mourning Dove 

the variability in the time of this event makes it of limited use 

as an accurate gauge for age measurement. This variability also 

exists for both the Goldfinch and Redwing nestlings. In these 

the process of eye-opening was completed during the interval from
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day 3.5 to day 7.

The time of occurrence of behavioral capabilities repre

sents a more general and coordinated picture of development. 

Banks (1959) gives a day-by-day description of behavior in the 

White-crowned Sparrow. He also briefly reviews other related 

works.

In the Mourning Dove the time of occurrence of the first 

defecation at handling ranged between day 0 and day 10 with 

most of the nestlings defecating by day 4 or 5. During these 

same days the Goldfinch also shows the greatest rise in percen

tage (from 34 to 92 per cent) with all birds included by day 6. 

Most Redwing nestlings have begun by day 4. If this is an 

elimination reflex due to fear the gaining of its control is 

quite variable. The rate of defecation does appear to increase 

with age. This increased rate may indicate, as Holcomb (1969) 

suggests, a changing digestive capability, the period of fastest 

growth, or an increased quantity of food which the nestlings are 

receiving.

Fledging in the doves was generally on either day 10 or 

11, but did extend up to day 14. Banks (1959), Blanchard (1941), 

and Nice (1937) working with White-crowned Sparrows and Song 

Sparrows (Melospiza melodia) felt that late visits to the nest 

by the observer did cause premature departures. Lack and Silva 

(1949) and King (1955), however, indicated that repeated visits
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to the nest, beginning at the time of hatching, inhibit the 

natural fledging reaction in the European Robin and in the 
Traill’s Flycatcher, respectively.

Holcomb (1966) mentions that vision and equilibrium changes, 
development of peripheral sensory elements, muscular strength, 
and alar plumage probably effect the development of grasping 

and balancing. In the Mourning Dove balancing would generally 
occur the day after alar fringing had begun and the day after 

the nestling could grasp. This was usually on day 7. These 
results are very similar to those reported by Holcomb (1966) for 
the Traill's Flycatcher, the Indigo Bunting (Passerina cyanea), 

and Goldfinch. As the toes and tarsus are well developed by 
fledging, it would seem that this ability to grasp and balance 
has an effect on the success of the nestling when it leaves the 
nest.

Having considered these various measurements it would seem 
that the most effective way of describing growth, measuring age, 

or getting indications of intraspecific growth fluctuations would 
include an examination of a number of characters. Hanson and 
Kossack (1963) noted a tendency to overestimate the ages of Mourn
ing Dove nestlings nine or more days of age. This factor plus 

individual variation in size, or stunting, emphasized to them 
the need for the combined use of size, plumage, and physical
characteristics.
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To compare the method of aging nestling Mourning Doves by 
Hanson and Kossack (1963) with the regression equation established 
in this work, the data sheet of a day 6 nestling was randomly 

selected. This nestling had a tarsus length of 16.0 mm, an un
der jaw measurement of 13.4 mm, an alar feather of 33 mm, and a 
spinal feather of 7 mm. These resulted in an answer of 6.1 days 
by the regression equation. Hanson and Kossack described a day 
6 nestling as between 71 and 92 mm in length; this one had a 

length of 117 mm. They had the characteristic primaries as 71- 
92 mm; here the second primary was 33 mm. They noted projecting 
of capital feathers; in this particular nestling the capital 
tract began to project on day 4. Their key character of a day 

6 nestling was the fringing of the tips of the primaries; and 
this coincided with the time of alar fringing noted for this 
nestling. In addition, they provide photographs of a typical 

nestling for each day. It would appear then that the regression 

equations are the more reliable means of estimating Mourning Dove 
nestling age.

b) The analysis in terms of differential development.

The various functional parts of the growing nestling not 
only grow at different rates, but they also appear to grow 

differentially. That is, the extent of the greatest growth of 
one structure may occur out of phase with that of another. Corre

lations can be drawn between the time at which a particular function
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is required and the period of greatest growth of the structures 
associated with that function.

Holcomb and Twiest (1968) have suggested that generally the 

structures which are of immediate use to altricial nestlings 
have at hatching reached a high percentage of the adult size or 
will grow rapidly in the initial stages of the nest period.

Those structures necessary for successful fledging but not for 
immediate use will grow at later stages in the nestling period.
And finally, those needed as an adult, such as associated with 

reproduction, will develop after fledging. Mouth structures in 
the Mourning Dove, for instance, had the highest adult percen

tage at hatching, suggesting that they were immediately functional. 
They grew just slightly faster during the first half of nestling 
period. In the Redwing the mandibular tomium increased rapidly 
in mean length over the initial 5 days and reached about 50 per 

cent of adult size by day 2. By day 10, males and females had 

obtained 75 and 79 per cent of adult tomium length, respectively.
In the Goldfinch 75 per cent of adult length was reached by day 
5, and 98 per cent by fledging time.

The toes and tarsus were also well developed initially and 
appeared to grow most rapidly during the first six days. The 

tarsus increased the most on days 3 through 6 in the Goldfinch 
and days 1 through 7 in the Redwing. Both species attained the 
adult length of tarsus by the time of fledging. Holcomb and
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Twiest (unpub. b) noted that Redwings develop the ability to 
grasp the nest lining by day 4 or 5 while they cannot grasp a 
piece of dowelling and support their weight until day 7 or 8.
This early development in the Mourning Dove may then be necessary 

to anchor the nestling to its nest. This is usually a very open 

and flimsy structure. The toes reach full size by fledging and 

may, therefore, be critical for fledging success.

The ability to fly is necessary for fledging, and this is 

the main function of the wing and primaries. In the Mourning 
Dove the wing length at hatching was only 9 per cent of the adult 
size. It grew uniformly throughout the nestling period and reached 

55 per cent of the adult size at fledging. The length of primaries 
contributes to the wing length, and the second primary was 76 
per cent of adult size by day 11. This suggests that skeletal 

elements of the radiale region grew considerably after fledging.

The fastest wing growth in Redwings was reported on days 4, 5 and 
6; and on days 6 and 7 for the Goldfinch. By day 12, 60 per cent 
of adult wing length was obtained in Goldfinches compared to 47 
per cent in male Redwings on day 9.

The primaries start growing earlier than the other features 
in most birds. In the Mourning Dove the second primary had the 

greatest total growth in range as a per cent of the adult size 
of any of the measurements (0 to 76 per cent). Rapid growth be
gan by day 3 and continued through day 10. In Goldfinches feathers 
appear in all tracts but grow very little by day 6. The spinal
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tract, for instance, develops only 1.5 mm by day 6, but grows 
10 additional mm by day 12. In the Redwing the spinal tract 
had a growth of 3.5 mm and 13.5 mm, respectively, in the first 
and last half of nestling life. It is likely that this early 
start is necessary for minimizing the duration of the nestling 
period. The probability of being found by a predator would in

crease with time. Hanson and Kossack (1963) reported that the 
Cooper's Hawk (Accipiter cooperii) and the Sharp-shinned Hawk 

(Accipiter striatus) are believed to be the principal avian pre
dators of the Mourning Dove. They also note some nesting losses 

due to a Long-tailed Weasel (Mustela frenata). Because of the 
relatively low height of most Mourning Dove nests it is likely 
that they are subject to a wide variety of predators.

For the dove the most rapid growth in feathers, excluding 

the primaries, occurs after day 6. At about this time a corres

ponding decrease in the rate-of-gain in weight seems to occur. 

Holcomb and Twiest (1968) reported in the Redwing that mean 
weight increased most rapidly on days 4 and 5 and declined rapid

ly after day 9. Feathers were present on all tracts by day 6 and 
gained steadily in length from then on. Lack and Silva (1949) 
found in the European Robin that the mean increase in weight 

dropped off after day 7.5 at a time when all feathers were grow

ing rapidly. Putnam (1949) reported the greatest growth in 

weight of Cedar Waxwing (Bombycilla cedrorum) nestlings until 

the eighth and ninth days, and the most noticeable change in
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plumage on the ninth and tenth days. Similar findings have been 

reported by Howell (1942) and Hamilton (1935) for the American 
Robin (Turdus migratorius), Allen and Nice (1952) for the Purple 
Martin (Progne subis), Weaver (1937) and Walkinshaw (1944) for 
the Chipping Sparrow (Spizella passerina), Maher (1964) for the 

Snow Bunting (Plectrophenax nivalis) and Lapland Longspur (Cal- 
carius lapponicus), and Barbour (1950) for the Towhee (Pipilo 
erythropthalmus). However, Willson (1966) reported that in 
Yellow-headed Blackbird (Xanthocephalus xanthocephalus) nestlings 
large increments in weight and feather growth occur simultaneous

ly. Haigh (1968) reports the same thing for Redwings studied in 
Washington.

It has been suggested that this reduction in increases of 

weight is due to the expenditure of more energy for feather 

growth and for maintenance of endothermy (Holcomb and Twiest,

1968; Banks, 1959; Paynter, 1954; Stoner, 1935; Kendeigh and 

Baldwin, 1928; Edson, 1930). In altricial birds there is a tran
sition from an essentially poikilothermic condition to one of 

homeothermy (Dawson and Evans, 1957; Kendeigh and Baldwin, 1928; 
King and Farner, 1961; Koskimies, 1962; Breitenbach and Baskett, 
1967). Brenner (1964) has shown that temperature control in 

the Redwing develops throughout the nestling period. He suggested 
that the nest and brooding adult together produce a temperature 
adequate for early development. During this time there would be
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less use for feathers as a means of energy conservation than 

during the latter stages of the nestling period when the adult 

spends less time at the nest.
e) The analysis in terms of growth rate, form and interspecific

comparison.
It is assumed that the net growth of different structures, 

in relation to the adult asymptote, will vary during the nestl
ing period; and this differential growth has been correlated with 

function. There are then different structures, each with a 
characteristic form to its growth rate curve.

Ricklefs (1968) noted that the rate at which adult weight is 

attained is the most variable feature of growth in birds. As 

examples, he mentioned that in the Cedar Waxwing weight increases 
to approximately the adult level during the nestling period; in 
the Cliff Swallow the young attain a peak weight above that of 
the adult, usually decreasing in weight to adult level before, 

or shortly after fledging; and in the Curve-billed Thrasher (Toxo- 
stoma curvirostre) the nestling weights level off below adult 
weight and growth is completed after the young leave the nest.

In those species where nestling weight does not exceed adult weight, 

the form of the growth curve appears to be sigmoid. Here the slope 
reaches an inflection point and tapers off. Ricklefs further 
notes that this inflection point makes a useful index of varia
tion in the form, in relation to the amount of growth which has

been completed.
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The weight growth curve of the Mourning Dove is fitted 

to a straight line by the logistic conversion factors. It is 
characteristic of this particular equation that its inflection 
point occurs when approximately 50 per cent of the anymptote is 

reached. This is compared to 37 per cent in the Gompertz (Laird, 
Tyler and Barton, 1965) and 30 per cent in the von Bertalanffy 
equation (von Bertalanffy, 1960; Fabens, 1965). In other words, 
the absolute rate of growth occurs earlier in the Gompertz and 

von Bertalanffy curves than in the logistic curve. Generally 
the absolute rate of growth also decreases earlier and the latter 
part of growth is prolonged.

Ricklefs (1968), from the 105 species he considered, lists 
81 as fitted most closely by the logistic equation, 21 by the 

Gompertz equation and three by the von Bertalanffy equation. He 
noted that all 60 of the Passeriform species analyzed fell within 

the logistic group, as did most other small land-birds and rap
torial species. The other growth curves generally fit data from 
the larger and more slowly growing species.

The overall growth rate may be expressed by an index from 
average R-values over the nestling period (Banks, 1959; Holcomb, 
1969; Holcomb and Twiest, unpub. a) or as the rate constant K 
from the slope of the equation which is fitted to its growth 
curve (Ricklefs, 1967). The K-value is compared only between 

species that can be fitted by the same equation, while index 
values are freely compared between all species, or for all
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measurements. Ricklefs (1968) reported that the male Redwing 

had a K-value of 0.536 and the female a K-value of 0.496 while 

the White-crowned Sparrow was at 0.512. These are K-values for 
weight curves fitted by logistic conversion factors.

Ricklefs (1968) suggests the existence of a relationship 
between body size, standard metabolic rate (K cal/bird/day) and 
growth rate. He notes that slow rates of growth are generally 
found in oceanic species, such as the frigate-bird (Fregata 
aquila), in very large birds, such as the Wood Stork (Mycteria 

americana), and in precocial species whose young feed themselves. 

The raptorial species, large corvids (crows, ravens and magpies) 
and cormorants are intermediatej and most smaller land-birds 
exhibit high growth rates.

There is also the indication that the diversity among 
growth rates is correlated to differences in the time the young 
spend in the nest, the overall growth rate being reduced with 
the longer nestling periods. This increased nestling period 

seems related to nestling success; the young of species with 

secure, well-protected nests generally remain in the nest longer 

than those which are exposed to predators and bad weather (Lack, 
1954; Nice, 1957).

d) The analysis in terms of intraspecific growth fluctuations.

1. Growth depending on the sequence of hatching.
For the Mourning Dove there is an indication that the 

magnitude of growth from several measurements reaches a higher
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asymptote in the first-hatched nestling than in the second. It 
appears also that the rate of weight gain, as evidenced by a 
slope increase in the rate curve, is greater in the first- 
hatched nestling. Hanson and Kossack (1963), however, have 
noted that the younger Mourning Dove nestlings occasionally 
grow faster than their nest mate, and are more aggressive in 
obtaining food from the adult.

Holcomb and Twiest (unpub. a) reported that in the Redwing 
there were no apparent differences in growth rate related to 

the sequence of hatching. They compared index values for weight 
and the slopes of weight growth curves for the four nestlings. 
Holcomb (unpub. a) also reported in the Goldfinch that the in
dex values for growth over the first 10 days of nest life were 
very similar, with perhaps an indication that fifth-hatched 
nestlings grew at a slower rate than their earlier-hatched sib
lings.

Lack (1954) and Ricklefs (1965) have suggested that weight 

differences between members of a brood are often the result of 
competition for food. Dorward (1962) reports that in several 
species of Boobies (Sula) the larger nestling will forcibly pre

vent its nest mate from receiving food. The larger or more active 
nestling may provide the greater feeding stimulus to the adult. 
Ricklefs mentioned that the parents generally feed the most active 
of the brood; in most cases this is the oldest. When these nest
lings are satisfied they become more inactive and food is passed
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on to the others. Theoretically, if the availability of food 

is limited there will be a divergence of asymptotes within a 

brood proportional to the degree of limitation. Ricklefs (1968) 
notes that this criterion can be used as an index of the nutri
tional state of the nestlings and thus to determine if growth 
is limited by food.

Murton £t al. (1963) working with Woodpigeons (Columba palumbus) 
found that variance of data within broods, for both the asymptote 
and rate, is significantly less than the between-brood variance.
These results suggested that nestling competition was not the major 

factor in differences within a brood; and part of the variance, 
particularly in growth rate, may be inherent. Ricklefs (1968) 

stressed the difficulty in distinguishing inherent variability 
and nutrition as factors producing intraspecific variation.

2. Growth depending on the number in the nest.
The results from the data on the Mourning Dove suggest 

some differences in the asymptote values between nests with one 
nestling and those with two. The rates of growth do not appear 
to differ, although, the tendency in the slope of weight for one 
nestling was higher than for two. These results are clouded by 
the fact that brood sizes within a species probably fluctuate 
with the time of the season.

Holcomb and Twiest (unpub. a) and Holcomb (unpub. a) found 
little or no difference in growth rate for weight in either the 
Redwing or the Goldfinch depending on the number in the nest.
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These findings were based on comparisons of growth rate indices 
from average R-values. Banks (1959) reported for the White- 

crowned Sparrow that there is no suggestion that birds from 
clutches of three (index value 0.228) and from clutches of four 
(index value 0.231) differ in rate of growth. This is based on 

a total of ten nests that he observed. Paynter (1954) and Lack 

and Silva (1949) found small differences in mean growth in weight 

of broods of different sizes in Tree Swallows and in the European 

Robin; but the differences were not significant. Brisbin (1969) 
found in the Ring Dove (Streptopelia risoria) that nestling pro
ductivity, in terms of K cal of biomass gained per day, was 
higher for nests containing two chicks until 20 days, after which 
time no difference in productivity was evident between nests con
taining one and two chicks. However, these tests were run under 
laboratory conditions where limiting food was not a factor.

These results did differ from those of Riddle e£ al. (1932 a) who 
found that pigeon squabs raised two per nest, were lighter in 
weight than squabs of the same age raised one per nest. Von 

Haartman (1954) noted that young from large broods of Pied Fly
catchers (Muscicapa hypoleuca) tended to be lighter than those 
from single broods. Similar correlations among nestling Great 

Tits (Parus major) and Blue Tits (Parus caeruleus) have been found 
by Gibb (1950), Lack et al. (1957) and Perrins (1965).

Decreases in the asymptotes of growth curves of nestlings in 
large broods are to be expected when the adults cannot gather
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enough food for their young. But again individual variability 
must be considered. Murton et al. (1963) found in the Wood- 
pigeon that single young grew 14 per cent more slowly, but 

attained 10 per cent higher asymptotes than young from broods 

of two. It would be expected that differences in nutrition would 
effect both growth rate and asymptote in the same manner (Rick- 
lefs, 1968).

3. Growth depending on the interval of the breeding sea
son.

The data suggest that external environmental factors 
associated with the time of the season effect growth in Mourning 
Dove nestlings in eastern Nebraska. There appears to be smaller 
growth attainments in the first interval (4/20 - 5/25) than in 

the second interval (5/26 - 7/1); and the slope of the rate curve 
favors increased growth rate for weight in the second interval.

The differences in growth in the intervals may be a result of 
the significantly lower temperatures in April and May. These would 
divert more energy to thermoregulation and less to growth. Brei- 
tenbach and Baskett (1967) report that temperature control in 
young Mourning Doves appears to begin development on or before the 
sixth day of age and is still incomplete by the twelfth day. They 

concluded that the lack of a we11-developed temperature regula
tory mechanism in 3-day-old doves results in energy economy. A 

better developed temperature regulatory system in 6-day-old doves 
may result in inefficient energy utilization. The feather coat



39

at this time is still poorly formed and consists largely of blood 
quills which increase the area through which meat may be lost.

By day 9 the insulative coat and body size have developed to an 
extent which makes energy expenditures for thermoregulation rea

sonably feasible. The thermoregulatory problems of the nestling 
appear to be further accentuated by a flimsy nest (characteristic 
of the species) which affords little protection from the environ
ment, and by the fact that the parent develops little or no brood 
patch (Maridon, 1969).

Banks (1959) in examining growth-rate indices for nestling 

White-crowned Sparrows at Berkeley, California found "consider

able" differences in weight between pairs raised during April 
(0.195) and those raised during May (0.249). These were from 

morning weights; there was much less of a difference between af

ternoon weights. He noted that the usual progression of the avian 
breeding season in California involves an increase in air tempera
ture and a decrease in rainfall. This favored not only an in

creased average temperature but an increased availability of in
sect life and a longer daily photoperiod all of which favor a 
better food supply.

It is possible also that food shortages effect either the 
quality or quantity of parental crop-milk. Lehner (1965) re
ported that doves in Tompkins County (N.Y.) were closely associated 
with farmland, particularly that devoted to small grains (wheat, 
corn, buckwheat, ragweed). The availability of these grains
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increases as the season progresses. The fact that nutrition is 
a factor is substantiated in the finding that egg weights seem 
to increase from April to August. This suggests that more ma
terial is available to the female for construction of the egg, 
and so it seems more would be available for development of the 
crop and crop-milk.

At Oxford during the breeding seasons of 1946 and 1947,

Lack and Silva (1949) reported that late broods (after 15 May) 

of Robins of both years grew faster (9 and 20 per cent difference 
in K) than earlier broods, but attained lower asymptotes (5 per 

cent difference). Ricklefs (1968) mentioned that the develop
ment of feathers and the age at fledging in the abnormal broods 
were not apparently effected (judging from the Author's lack of 
comment) which indicated to him that the reduced growth rates re
flected nutritional deficiencies rather than retarded development. 

Also, early broods of the Woodpigeon (Murton et_ aJL. , 1963) grew 
13 per cent more slowly and attained 16 per cent lower asymptotes 
than those found during the "normal nesting season" of the same 
year (1958). This work was done in southern England in 1958 and 
1959.

Ricklefs (1968) reports several instances where seasonal 

growth fluctuations occur, but as the asymptote decreases the rate 
of growth increases. He concludes that, "there is no reason to be
lieve that the seasonal and geographical variation in the growth 
pattern are directly related to nutrition". If this were the
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case, we would expect both the magnitude and the rate of growth 

to decrease when the feeding conditions are poor. For the Mourn

ing Dove both growth rate and the asymptote for weight seemed to 
be lower in the first interval, possibly suggesting that nutri
tion was a factor.

It is indicated that growth attainment is greater in the 
second interval than in either the third (7/2 - 8/7) or fourth 

(8/8 - 9/20) intervals. Food sources seem to be adequate in all 
of the three later intervals, and this is shown by larger egg 
weights in the last intervals compared to the first interval 

(Table 9). This might indicate that the amount of food is not 

the difference between these periods. The average daily tempera
tures did not change significantly; but the total rainfall is 
somewhat lower for the third interval of 1968. It is suggested, 

though, that other factors influence this decrease in attainment 
during the latter stages of the breeding season. One of these 

factors may be a reduction in the quality or quantity of parental 
care through either early temperature regulation or through the 

crop-milk the nestling receives. If these parental changes exist, 

they may result from stimuli or the lack of stimuli associated 
with the time of the season. Photoperiod stimulation, for in

stance, is known to be a factor in stimulating gonadal develop
ment in many temperate-zone species of birds (Farner, 1959).
These seasonal light-dark changes are also believed associated 

with physiological changes involved with migration and molting
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(Farner, 1955). It has long been known that prolactin plays an 

important role in preparing the physiological conditions for 
maternal care of many young animals. In doves and pigeons, pro
lactin is associated with growth of the crop-sac and production 
of the crop-milk which is fed to the squabs by regurgitation from 

the parents (Riddle, Bates and Dykshorn, 1932 b). In addition to 
purely physiological effects, prolactin has been shown to have 
various effects on maternal hebavior: for example, it is associated 
with broody behavior in hens (Nalbandov, 1945). It is suggested 

that any of a great number of stimuli may effect hormonal changes 

which in turn influence parental behavior and in turn may effect 
nestling growth.
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SUMMARY

This study on the Mourning Dove (Zenaidura macroura) was de
signed to provide basic information on growth in the nestling 
stage of development for this species throughout its breeding 

season in eastern Nebraska. Data were examined from 53 nestlings 
measured near Waterloo, Nebraska in 1968 and from 27 nestlings 

measured near Fremont, Nebraska in 1966.
The various measurements used to characterize the course of 

growth are described. Because of the range in individual varia
bility, particularly in the later stages of nestling growth, it 
is suggested that the age of a nestling can be most accurately 

determined only through the use of several of the measurements. 
From a variable number of anatomical measurements a regression 
equation can be established for the calculation of nestling age 

in days. These equations appear accurate through 11 days.
The day-by-day growth of structures is analyzed in compari

son to adult size. Comparisons are made with similar measurements 

on the Redwing and on the Goldfinch. Development is noted in the 

differential growth of structures; and this differential growth 

is related to the immediate function of a structure.

Growth form differences are evident not only in the various 

structures making up an individual, but also between individuals 

of different species. The average daily weight values for the 
Mourning Dove were best fitted by logistic conversion factors.
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Here the weight growth curve is sigmoid in form, and the absolute 

rate of weight growth does not appear to decrease until half or 

more of the final nestling weight has been accomplished.

The growth rate was described in terms of an index value 
representing the average of the R-values over the nestling period, 
and as a K-value representing the slope of the growth curve. Both 

indicate that the nestling growth rate is inversely related to 

the adult body size and the length of the nestling period.
For the Mourning Dove there is an indication that the mag

nitude of growth from several measurements reaches a higher 
asymptote in the first-hatched nestling than in the second. It 

appears also that the rate of weight gain, as evidenced by a slope 

increase in the rate curve, is greater in the first-hatched nestl
ing. This suggests that the difference is due, at least in part, 
to a competition advantage for parental crop-milk to the first- 

hatched. Similar findings are reported in nests where only one 

nestling was present as opposed to those where two were present. 

These differences are less apparent, however.
The nestlings raised during the first interval (4/20 - 5/25) 

appear to grow more slowly and reach a smaller asymptote than 
those of the second interval (5/26 - 7/1). These differences are 
attributed, in part, to the lower average temperature in the first 
interval and the relative scarcity of food at this time. The 

nestlings of the third interval (7/2 - 8/7) also seem to grow
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less in magnitude than those of the second, but no difference 
is apparent in the slopes of their rate curves for weight. 
Differences cannot be accounted for other than in the lower to
tal rainfall during the third interval of 1968. 
no differences in growth between nestlings from

There appear 
1966 or 1968.
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TABLE I

SEASONAL RECORD OF THE NUMBERS OF MOURNING DOVE NESTLINGS MEASURED

Year - - -1968 (Waterloo) Year - - • -1966 (Fremont)

Interval 
of the 
Breeding 
Season

Total 
Number 
of Nests 
Observed

Total 
Number 
of Young 
Measured

Total 
Number 
of Young 
to Fledge

Number of 
Nestlings 
from a Nest of 
1 2  3

Total 
Number 
of Nests 
Observed

Total 
Number 
of Young 
Measured

Total 
Number 
of Young 
to Fledge

Number of 
Nestlings 
from a Nest 
1 2  3

# 1
4/20
5/25

48 11 2 1 10 0 60 8 4 0 8 0

# 2
5/26
7/1

33 16 11 2 14 0 64 18 10 4 14 0

#3
7/2
8/7

35 24 22 1 20 3 18 2 2 0 2 0

# 4 
8/8 
9/20

5 4 2 0 4 0 — — — - - -

TOTALS 121 55 37 4 48 3 142 28 16 4 24 0



TABLE 2

MEAN ADULT SIZE OF MALE AND FEMALE MOURNING DOVES
(MM. AND GRAMS)

Measure No. Average Female Range No. Average Male Range
Combined
Average

Toe 16 39.0 32 - 47 14 41.0 23 - 46 40.0
Wing 15 140 136 - 147 15 145 142 - 150 143
Tarsus 16 22.0 19.0-24.5 15 21.5 19.0- 24.5 21.6
Under Jaw 16 19.0 12 - 22 15 20.0 17 - 21 19.0
Mandible 
Tip to the 
Nostril

15 11.0 9.0 - 19.0 15 10.0 8.3 - 14.5 10.6

Total Length 15 262 230 - 287 15 277 244 - 310 269
Alar Tract 16 75 67 - 80 14 78 71 - 83 76
Humeral 16 38 20 - 53 14 37 23 - 58 37
Spinal 16 22 20 - 25 14 22 11 - 28 22
Rectrix 16 67 64 - 78 13 71 62 - 82 69

16 120.0 105.8 - 144.0 15 124.0 101.0 - 135.5Weight 122.0



TABLE 3a
oo

DAILY MEANS , STANDARD ERRORS , AND PER CENT ADULT SIZE OF MEASUREMENTS ON MOURNING DOVE NESTLINGS
TOE (MM.) TARSUS (MM.) WING (MM.)

Day No. X + S.E. 7. Adult No. X + S.E. 7. Adult No. X + S.E. 7. Adult

0 53 14.0 + 0.3 35 65 7.5 + .1 34 65 13 + 0.2 9
1 58 17.0 + 0.3 42 69 9.0 + .1 41 69 17 + 0.3 11
2 57 20.0 + 0.3 50 69 10.5 + .1 48 69 22 + 0.5 15
3 54 24.0 + 0.3 60 67 12.0 + .1 55 67 29 + 0.6 20
4 53 27.0 + 0.4 67 66 13.0 + .1 60 66 35 + 0.8 24
5 46 30.5 + 0.4 76 59 14.0 + .1 64 59 44 + 1.1 30
6 42 33.0 + 0.4 82 53 15.0 + .1 69 53 51 + 1.4 35
7 42 35.0 + 0.4 87 55 16.0 + .2 74 55 57 + 1.6 39
8 41 36.5 + 0.4 91 53 17.0 + .2 78 53 63 + 1.9 44
9 40 37.0 + 1.0 92 51 17.0 + .4 78 51 67 + 2.6 46
10 32 38.5 + 0.5 96 40 18.0 + .2 83 40 72 + 3.3 50
11 15 39.0 + 0.8 97 19 18.0 + .3 83 19 79 + 3.5 55
12 9 39.5 + 1.0 98 9 18.5 + .4 85 9 88 + 4.8 61
13 6 39.5 + 1.2 98 6 19.0 + .5 87 6 95 + 4.5 66
14 4 40.5 + 1.4 101 3 19.5 + .9 90 3 96 + 6.9 67



TABLE 3b
5  DAILY MEANS, STANDARD ERRORS, AND PER CENT ADULT SIZE OF MEASUREMENTS ON MOURNING DOVE NESTLINGS

Day
Under
No.

Jaw (MM.) 
X + S.E. % Adult

Mandible Tip - 
No. X + S.E.

Nostril (MM.) 
% Adult

Total Length (MM.) 
No. X + S.E. % Adult

0 64 8.5 + 0.1 44 54 4.0 + 0.0 37 65 63 + 0.5 23
1 68 9.5 + 0.1 50 57 4.0 + 0.0 37 69 70 + 0.5 26

2 68 10.1 + 0.1 52 57 4.5 + 0.0 42 68 79 + 0.6 29

3 66 11.0 + 0.1 57 56 5.0 + 0.0 47 66 87 + 0.7 32
4 65 11.5 + 0.1 60 56 5.5 + 0.0 51 65 95 + 0.9 35
5 59 12.0 + 0.1 63 52 6.0 + 0.0 56 59 105 +0.9 39
6 53 12.5 + 0.1 65 47 6.0 + 0.0 56 53 114 + 1.1 42
7 55 13.5 + 0.1 71 49 6.5 + 0.0 61 55 123 + 1.1 45
8 53 14.0 +0.1 73 47 7.0 + 0.1 66 53 130 + 1.3 48
9 51 14.0 + 0.3 73 45 7.0 + 0.2 66 51 136 + 3.1 50

10 40 15.0 + 0.2 78 34 7.5 + 0.1 70 40 146 + 1.9 54

11 19 15.0 + 0.3 78 14 7.5 + 0.2 70 19 154 + 3.4 57

12 9 15.5 + 0.4 81 6 8.0 + 0.3 75 9 158 + 6.4 58

13 6 15.5 + 0.4 81 4 8.0 + 0.4 75 6 162 + 8.8 60

14 3 16.0 + 0.5 84 3 8.5 + 0.4 80 3 165 + 17.4 61
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TABLE 3c

Day

0

1

2

3
4

5

6

7

8

9
10 

11 

12 

13

DAILY MEANS, STANDARD ERRORS, AND PER CENT ADULT SIZE OF MEASUREMENTS ON MOURNING DOVE NESTLINGS
Alar
No.

Feather Tract 
X + S.E.

(MM.)
% Adult

Humeral Tract (MM.) 
No. X + S.E. % Adult

Capital Tract (MM.) 
No. X + S.E. 7. Adult

42 0 + 0.0 0 39 — -- 38 —
48 1 + 0.2 1 45 — -- 44 — —
48 4 + 0.3 5 47 0 + 0.1 0 46 — —
47 10 + 0.5 13 47 2 + 0.2 5 46 0 + .0 —
46 16 + 0.8 21 46 5 + 0.3 13 46 1 + .1 —
41 24 + 1.2 31 41 8 + 0.5 21 41 2 + .1 --
39 31 + 1.5 40 39 11 + 0.6 29 39 3 + .2 —
39 37 + 1.8 48 39 14 + 0.7 37 39 4 + .2 --
39 43 + 1.9 56 39 17 + 0.8 45 39 5 + .2 --
38 46 + 2.5 60 38 19 + 1.1 51 38 5 + .3 —
30 55 + 1.1 72 30 23 + 0.7 62 30 6 + . 1 --
12 58 + 1.9 76 12 25 + 1.3 67 12 7 + .2 --
7 59 + 3.4 77 7 27 + 2.4 72 7 7 + .3 --
5 61 + 3.3 80 5 28 + 3.3 75 5 7 + .3 --
3 62 + 5.5 81 3 31 + 5.2 83 3 7 + .3 --14



TABLE 3d

H
in

DAILY MEANS, STANDARD ERRORS, AND PER CENT ADULT SIZE OF MEASUREMENTS ON MOURNING DOVE NESTLINGS
Spinal Tract (MM.) Caudal Tract (MM.) Weight (Grams)

Day No. X +  S.E. 7. Adult No. X +  S.E. 7. Adult No. X + S.E. 7. Adult

0 38 — -- 39 — -- 65 6.6 +  0.2 5
1 44 — mm mm 45 0 +  0.0 0 69 10.3 + 0.4 8

2 46 — — 47 0 + 0.1 0 69 16.1 + 0.5 13
3 46 0 + 0.1 0 47 2 + 0.2 2 67 22.1 +  0.6 18
4 46 1 +  0.2 4 46 4 +  0.3 5 66 28.6 +  1.0 23
5 41 3 +  0.3 13 41 7 +  0.4 10 59 35.2 +  1.2 28
6 39 5 + 0.3 22 39 10 +  0.5 14 53 39.7 +  1.5 32
7 39 7 +  0.4 31 39 13 +  9.7 18 55 46.4 +  1.6 38
8 39 9 + 0.5 40 39 15 + 0.9 21 53 49.3 + 1.6 40
9 38 10 + 0.6 45 38 19 + 1.1 27 51 51.3 + 2.1 42
10 30 12 + 0.4 54 30 23 + 0.8 33 40 56.0 + 1.2 45
11 12 14 + 0.9 63 12 26 + 2.0 37 19 60.0 + 1.7 49
12 7 15 + 1.2 68 7 28 + 3.7 40 9 60.5 + 3.5 49
13 5 16 + 1.7 72 5 29 + 4.7 42 6 66.0 + 5.2 54
14 3 17 + 2.6 77 3 33 + 6.6 47 3 73.5 + 9.2 60



TABLE 4a

MEAN DAILY R-VALUES AND INDEX VALUES FOR MEASUREMENTS ON MOURNING DOVE NESTLINGS
Mandible Tip - Nostril Total Length Alar Tract Humeral Tract

Day No. X R-Value No. X R-Value No. X R Value No. x R-'
± S-D- ± S.D. + S.D. + s.]

0 - 1 51 .07 + .07 61 .11 + .04 1 1.09 + .00 0
1 - 2 54 .09 + .05 65 .11 + .03 26 1.09 + .38 0
2 - 3 55 .09 + .05 64 .09 + .02 44 .80 + .24 9 1.05 + .22
3 - 4 56 .07 + .05 64 .09 + .02 43 .50 + .13 35 .94 + .35
4 - 5 52 .07 + .05 59 .08 + .03 39 .39 ± .09 38 .51 + .23
5 - 6 47 .06 + .05 52 .07 + .03 36 .29 + .14 35 .32 + .14
6 - 7 47 .05 + .04 53 .07 + .02 37 .19 + .05 37 .24 + .12
7 - 8 47 .04 + .04 53 .05 + .02 37 .15 + .05 37 .20 + .13
8 - 9 43 .04 + .04 49 .06 + .02 35 .10 + .05 35 .13 + .09
9 - 1 0 32 .02 + .03 38 .06 + .04 29 .11 + .09 29 .13 + .12
10 - 11 13 .04 + .04 18 .05 + .01 12 .07 + .06 12 .15 + .10
11 - 12 6 .01 + .02 9 .04 + .01 7 .03 + .01 7 .08 + .06
12 - 13 4 .02 + .02 6 .05 + .03 5 .08 + .07 5 .13 + .09
13 - 14 3 .01 + .00 3 .02 + .01 3 .05 + .02 3 .07 + .06

★Index of
10-11 day .05 .07 .43 .33
★Index - Average R-Value through the average day of fledging (10-11 days)



TABLE 4b
m

MEAN DAILY R-VALUES AND INDEX VALUES FOR MEASUREMENTS ON MOURNING DOVE NESTLINGS
Toe Tarsus Wing Under Jaw

Day No. X R-Value 
+ S.D.

No. X R-Value 
± S.D.

No. X R-Value 
+ S.D.

No. X R-Value 
+ S.D.

0 - 1 50 .18 + .10 61 .17 + .08 61 .26 + .11 60 .09 + .04
1 - 2 54 .16 + .06 65 .14 + .08 65 .27 + .09 64 .06 + .03
2 - 3 53 .16 + .07 65 .14 + .08 65 .24 + .21 64 .07 + .03
3 - 4 52 .11 + .05 65 .08 + .05 65 .21 + .08 64 .06 + .03
4 - 5 46 .10 + .03 59 .08 + .05 59 .19 + .05 59 .05 + .03
5 - 6 41 .07 + .04 52 .07 + .04 52 .15 + .05 52 .04 + .03
6 - 7 42 .06 + .04 53 .04 + .04 53 .11 + .05 53 .04 + .03
7 - 8 41 .04 + .03 53 .05 + .04 53 .10 + .04 53 .03 + .02
8 - 9 39 .03 + .02 49 .02 + .03 49 .07 + .04 49 .02 + .02
9 - 1 0 31 .02 + .02 38 .04 + .04 37 .06 + .05 38 .03 + .03
10 - 11 14 .02 + .02 18 .03 + .02 18 .05 + .04 18 .03 + .03
11 - 12 8 .00 + .01 9 .02 + .02 9 .06 + .03 9 .01 + .02
12 - 13 5 .02 + .01 6 .02 + .03 6 .12 + .14 6 .02 + .01
13 - 14 3 .01 + .01 3 .02 + .02 3 .03 + .14 3 .01 + .00

»Index of 
10-11 days .08 .07 .15 .04
♦Index - Average R-Value through the average day of fledging (10-11 days)



TABLE 4c

\ MEAN DAILY R-VALUES AND INDEX VALUES FOR MEASUREMENTS ON MOURNING DOVE NESTLINGS
Capital Tract Spinal Tract Caudal Tract Weight

Day No. X R-Value 
+ S.D.

No. X R-Value 
+ S.D.

No. X R-Value 
+ S.D.

No. X R-Value 
+ S.D.

0 - 1 0 o A .44 + .13U 60
1 - 2 n A .69 + .00 63 .41 + .13l

A A 20 1.06 + .25 63 .32 + .114 * J

3 - 4 6 1.01 ±  .27 14 .63 + .41 39 .72 + .39 63 .25 + .10
4 - 5 28 .67 + .39 30 .74 + .38 38 .48 + .18 57 .18 + .13
5 - 6 32 .44 + .24 33 .51 + .26 35 .35 + .11 50 .12 + .18
6 - 7 35 .35 + .28 35 .36 + .24 37 .26 + .11 51 .16 + .19
7 - 8 36 .18 + .17 35 .26 + .17 36 .24 + .09 51 .07 + .11
8 - 9 35 .17 + .21 34 .16 + .12 34 .18 + .08 47 .06 + .10
9 - 1 0 29 .12 + .13 29 .20 ± .31 29 .17 + .07 38 .03 + .11
10 - 11 12 .13 + .12 12 .17 + .12 12 .17 ± .09 18 .07 + .10
11 - 12 7 .08 + .11 7 .12 + .15 7 .09 + .08 9 .01 + .05
12 - 13 5 .02 + .05 5 .08 + .12 5 .18 + .16 6 .12 + .03
13 - 14 3 .04 + .07 3 .11 + .13 3 .20 + .13 3 .02 + .07
Index of 
10-11 days 27 30 39 19
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TABLE 5

RESULTS OF STEPWISE LINEAR REGRESSION FOR 
MEASUREMENTS ON MOURNING DOVE NESTLINGS

y  =  c j y  +  B y x 1X1 +  B y x ^ --------B y x N XN
STEPS INDEPENDENT CONSTANT ®yx STANDARD CORREL

VARIABLES COEF. ERROR OF w/
ENTERED 7 ESTIMATE AGE

Step #1 Alar Tract 2.15 0.15 0.72 .95

Step #2 Tarsus -0.12 0.26 0.57 .92
Alar Tract 0.10 .95

Step #3 Tarsus
Under Jaw -1.20

0.17
0.20 0.55

.92

.89
Alar Tract 0.10 .95

Step #4 Tarsus 0.15 .92
Under Jaw 0.20 .89
Alar Tract -1.13 0.12 0.53 .95
Spinal Tract -0.09 .88

Step #5 Tarsus 0.16 .92
Under Jaw 0.32 .89
Total Length -0.69 -0.02 0.52 .94
Alar Tract 0.14 .95
Spinal Tract -0.11 .88

Step #6 Weight 0.02 .94
Tarsus 0.15 .92
Under Jaw -0.52 0.52
Total Length -0.03 .94
Alar Tract 0.13 .95
Spinal Tract -0.10 .88



TABLE 6
MOURNING DOVE NESTLING MEAN 

EYE OPENING, AND DAILY PERCENTAGE 
OF THOSE DEFECATING

DAY NO. MEAN WITH STANDARD 
ERROR *

PERCENT DEFECATING 
FROM A TOTAL OF 34 
BIRDS

0 31 0.04 + .02 8
I 36 0.37 + .08 17
2 37 1.05 + .10 29
3 37 1.91 + .13 41
4 36 2.63 + .15 52
5 34 3.23 + .16 70
6 33 3.56 + .17 79
7 33 3.72 + .17 88
8 33 3.72 + .17 94
9 32 3.75 + .17 94
10 24 4.00 + .17 100

* 0 - Not Open
1 - Cracking Open
2 - Half Open
3 - Three Fourth Open
4 - Open



TABLE 7

TIME OF OCCURRENCE OF FEATHER FRINGING AND PROJECTING, EYE OPENING 
FIRST DEFECATION, GRIPPING AND BALANCING, AND FLEDGING IN MOURNING DOVE NESTLINGS

Day
Character 0 1 2 3 4 5 6 7 8 9 10 11 > 12
First Defe- 2 
cation at 
Handling

3 4 5 4 5 2 2 2 0 1

Alar Fringing 1 12 4

Eyes Open 4 9 11 5 1 1 1
Gripping 1 3 6 1

Balancing 1 6 13 3

Humeral, Spinal, 
Caudal, Ventral 
Fringing

9 5

Capital Fringing 3 10 1
Fledging 19 13 7
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ITl TABLE 8

Days
MEAN DAILY R-VALUES AND INDEX VALUES OF GROWTH IN WEIGHT FOR SEVERAL SPECIES

Mouming_Dove Redwing _ Goldfinch White-Crowned Sparrow
No. X R-Value No. X R-Value No. X R-Value No. X R-Value

±  S*D* + S.E.

0 - 1 60 .44 + .13 182 .44 68 .43 22 .411 + .0221 - 2 63 .41 + .13 171 .44 62 .36 24 .421 + .013
2 - 3 63 .32 + .11 164 .34 63 .30 21 .354 + .0123 - 4 63 .25 + .10 153 .30 57 .24 18 .283 + .0174 - 5 57 .18 + .13 131 .23 47 .22 19 .233 + .0125 - 6 50 .12 + .18 133 .16 36 .19 19 .212 + .0196 - 7 51 .16 + .19 120 .09 32 .16 19 .104 + .0127 - 8 51 .07 + .11 118 .07 39 .12 19 .064 + .0168 - 9 47 .06 + .10 101 .07 40 .07 17 .040 + .0569 - 1 0 38 .03 + .11 39 .05
10 - 11 18 .07 + .10 35 .02
11 - 12 25 .04
12 - 13 15 .04

5 .17
Index .19 .23 .17 COCM•

to
F l e d g i n g _____________________________________________________________

Index - Average R-Value through average nesting period for that species.
* Holcomb & Twiest (unpub. a.) 
** Holcomb (1969)

*** Banks (1959)
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U~l TABLE 9

SEASONAL MEASUREMENTS ON EGGS LAID BY MOURNING DOVES
(mm) and (g)

INTERVAL Egg #1 (First Hatched) Egg #2 (Second Hatched)
Weight

X
Length

X
Width
X

Index
*

Weight Length 
X X

Width
X

Index
*

Interval # 1 
4/20 - 5/25

6.1
(56)

27.0
(63)

20.8
(63)

77.03 6.7
(58)

28.4
(65)

21.4
(65)

75.35

Interval #2 
5/26 - 7/1 6.5

(42)
27.8
(43)

21.3
(43)

76.61 6.8
(41)

28.8
(42)

21.5
(42)

74.65

Interval #3 
7/2 - 8/7

6.6
(19)

28.0
(22)

21.4
(22)

76.42 6.9
(20)

29.0
(22)

21.2
(22)

73.10

*Width/Length • 100 (N) Number in Sample
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TABLE 10

WEATHER CONDITIONS (1966 - 1968)

Interval # 1 
4/20 - 5/25

Interval # 2 
5/26 - 7/1

Interval # 3 
7/2 - 8/7

Interval # 4 
8/8 - 9/20

Average Total 
Temp. Rainfall 
(°F) (in)

Average Total 
Temp. Rainfall 
(°F) (in)

Average
Temp.
(°F)

Total
Rainfall

(in)
Average
Temp.
(°F)

Total
Rainfall

(in)

57 3.99 72 5.99 78 5.48 68 3.07 (1966)

56 4.44 71 5.10 77 2.75 67 8.48 (1968)
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TABLE 11a

DAILY COMPARISONS OF MEAN SIZE OF FIRST AND SECOND

HATCHED MOURNING DOVE NESTLINGS

Day
1st
No.

Ha tched 
X + £

• Alar 
>.E.

Tract
*

2nd
No.

Hatched - Alar 
X + S.E.

Tract
*

0 22 0 + 0 .0 .00 19 0 + 0 .0 .00

1 25 1 + 0.3 .01 22 1 + 0.3 .02

2 25 5 + 0.3 .07 22 4 + 0.6 .07

3 26 10 + 0.6 .17 20 9 + 0.9 .16
4 24 17 + 0.9 .29 21 15 + 1.4 .26

5 23 25 + 1.3 .43 18 22 + 2.1 .38
6 "21 32 + 1.8 .55 18 29 + 2.5 .51
7 21 39 + 2.2 .67 18 36 + 2.9 .62
8 21 45 + 2.4 .78 18 41 + 3.1 .72
9 20 49 + 2.9 .86 18 43 + 4.1 .75
10 16 57 + 0.8 1.00 14 54 + 2.0 .94

★Average Value Standardized over 10th Day Value of 1st Hatched 
for the Alar Feather Measurement.
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DAILY COMPARISONS OF MEAN SIZE OF FIRST AND SECOND

HATCHED MOURNING DOVE NESTLINGS

Day
1st
No.

Hatched - Wing Length J
X + S.E. * j 1

2nd
No.

Hatched - Wing Length 
X + S.E. *

0 34 13 + 0.3 .17 j 29 13 + 0.3 .18

1 37 17 + 0.4 .22 | 30 17 + 0.5 .23

2 37 22 + 0.6 .30 ; 31 22 + 0.9 .30

3 38 29 + 0.7 .40 J 28 28 + 1.2 .38

4 36 36 + 0.9 .49 J 29 35 + 1.5 .47

5 35 45 + 1.2 • 61 ; 24 43 + 1.9 .58

6 30 51 + 1.7 .70 i 23 50 + 2.2 .68

7 31 58 + 2.0 .80 ; 1 24 56 + 2.6 .77

8 30 64 + 2.4 .88 ; 23 62 + 3.1 .85

9 28 70 + 3.0 .95 Ì 1 23 64 + 4.5 .87

10 23 73 + 3.8 l.oo ; 
1

17 71 + 6.0 .98

* Average Value Standardized Over 10th Day Value of 
1st Hatched for the Wing Length.



TABLE 11c

DAILY COMPARISONS OF MEAN SIZE OF FIRST AND SECOND

HATCHED MOURNING DOVE NESTLINGS

Day
1st
No.

Hatched - Total Length 
X + S.E. *

2nd
No.

Hatched - Total Length 
X + S.E. *

0 34 63 + 0.6 .42 29 63 + 0.8 .42

1 37 70 + 0.6 .47 30 71 + 0.9 .47

2 37 80 + 0.7 .54 30 79 + 1.0 .53

3 38 88 ± 0*9 .59 27 87 + 1.3 .58

4 36 96 + 0.9 .65 28 95 + 1.6 .64

5 35 106 + 1.1 .72 24 104 + 1.5 .70

6 30 115 + 1.2 .77 23 113 + 2.0 .76

7 31 124 1 l-2 .84 24 121 + 2.1 .82

8 30 132 + 1.3 .89 23 127 + 2.4 .86

9 28 140 + 1.8 .95 23 130 + 6.5 .87

10 23 148 ± 2«1 1.00 17 144 +3.6 .97

* Average Value Standardized Over 10th Day Value of
1st Hatched for Total Length.



64

TABLE lid

DAILY COMPARISONS OF MEAN SIZE OF FIRST AND SECOND

HATCHED MOURNING DOVE NESTLINGS

Day
1st
No.

Hatched - Weight 
X + S.E. *

2nd
No.

Hatched - Weight 
X + S.E. *

0 34 6.5 + 0.3 .11 29 6.6 + 0.3 .11
1 37 10.4 + 0.5 .17 30 10.4 + 0.5 .17
2 37 16.7 + 0.7 .28 31 15.3 + 0.8 .26
3 38 23.3 + 0.9 .40 28 20.7 + 1.2 .35
4 36 29.9 + 1.2 .51 29 27.2 + 1.7 .46
5 35 37.2 + 1.5 .64 24 32.3 + 2.1 .55
6 30 40.4 + 1.9 .69 23 38.8 + 2.4 .67
7 31 48.4 + 2.0 .83 24 43.7 + 2.5 .75
8 30 52.5 + 2.1 .90 23 45.1 + 2.4 .77
9 28 54.0 + 2.3 .93 23 47.9 + 3.5 .82
10 23 57.9 + 1.3 1.00 17 53.5 + 2.1 .92

* Average Value Standardized Over 10th Day Value of
1st Hatched for Weight Measurement.



TABLE 12a

DAILY COMPARISON OF MEAN SIZE OF MOURNING DOVE
NESTLINGS DEPENDING ON THE NUMBER IN THE NEST

Day
One
No.

Bird in Nest-Alar 
X + S.E. *

Two
No.

Birds in Nest-Alar 
X + S.E. *

0 2 0 + 0.0 .00 38 0 + 0.0 .00
1 2 1 + 1.0 .01 44 1 + 0.2 .01
2 2 5 + 0.5 .07 44 4 + 0.3 .07
3 2 10 + 1.0 .16 43 10 + 0.6 .16
4 2 17 + 1.0 .28 42 16 + 0.9 .26
5 2 28 + 1.5 .46 38 23 + 1.3 .39
6 2 36 + 0.0 .60 36 3 0 + 1 . 6 .50
7 2 43 + 1.5 .71 36 37 + 1.9 .61
8 2 49 + 2.5 .81 36 43 + 2.1 .71
9 2 56 + 2.0 .94 35 46 + 2.7 .76
10 2 60 + 2.5 1.00 28 55 + 1.1 .92

* Average Value Standardized over 10th Day Value of
Nest w/one Nestling for the Alar Feather Measurement.
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TABLE 12b

DAILY COMPARISON OF MEAN SIZE OF MOURNING DOVE

NESTLINGS DEPENDING ON THE NUMBER IN THE NEST
One in_Nest - Total Length Two in Nest - Total Length

Day No. X + S.E. * No. X + S.E. *

0 6 62 + 1.5 .39 54 63 + 0.5 .40
1 6 71 + 1.2 .45 58 71 + 0.6 .45
2 6 79 + 1.8 .50 58 79 + 0.7 .50
3 6 88 + 1.2 .56 56 87 + 0.8 .55
4 6 97 + 1.1 .62 55 96 + 0.9 .61

5 6 109 + 1.9 .69 51 105 + 1.0 .67
6 6 120 + 2.1 .76 46 113 + 1.2 .72
7 6 129 + 2.4 .82 48 122 + 1.2 .78
8 5 138 + 3.1 .88 47 129 + 1.4 .82
9 5 149 + 2.6 .95 45 134 + 3.5 .86
10 5 156 + 1.1 1.00 35 145 + 2.1 .92

* Average Value Standardized Over 10th Day Value of
Nest w/ One Nestling for Total Length.
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TABLE 12c
DAILY COMPARISON OF MEAN SIZE OF MOURNING DOVE
NESTLINGS DEPENDING ON THE NUMBER IN THE NEST

Day
One
No.

in Nest - Wing Length 
X + S.E. *

Two
No.

in Nest - Wing Length 
X + S.E. *

0 6 13 + 0.4 .17 54 13 + 0.2 .18
1 6 17 + 0.8 .24 58 17 + 0.3 .23
2 6 22 + 0.6 .30 59 22 + 0.6 .31
3 6 29 + 1.2 .40 57 29 + 0.7 .40
4 6 36 + 1.0 .50 56 36 + 0.9 .50
5 6 4 5 + 0 . 6 .63 51 44 + 1.2 .61
6 6 52 + 2.0 .73 46 51 ± 1*5 .71
7 6 57 + 3.5 .80 48 57 + 1.8 .80
8 5 62 + 4.5 .88 47 63 ±  2.1 .89
9 5 68 + 5.5 .95 45 67 + 2.9 .94
10 5 71 + 6.9 1.00 35 72 + 3.7 1.02

* Average Value Standardized Over 10th Day Value
of Nest with one Nestling for Wing Length.
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TABLE 12d

DAILY COMPARISON OF MEAN SIZE OF MOURNING DOVE
NESTLINGS DEPENDING ON THE NUMBER IN THE NEST

Day
One
No.

Bird in Nest 
X + S.E.

- Weight 
★

Two
No.

Birds in Nest 
X + S.E.

- Weight 
*

0 6 6.7 + 0.4 .10 54 6.6 + 0.2 .10
1 6 10.3 + 0.5 .16 58 10.5 + 0.4 .16
2 6 18.0 + 0.7 .28 59 15.9 + 0.6 .25
3 6 23.5 + 0.7 .37 57 21.9 + 0.8 .34
4 6 31.2 + 1.7 .49 56 28.6 + 1.1 .45
5 6 40.4 +1.7 .64 51 34.4 + 1.4 .54
6 6 40.8 + 5.2 .65 46 39.6 + 1.6 .63
7 6 55.5 + 2.4 0000• 48 45.2 + 1.7 .72
8 5 58.2 + 3.0 .92 47 48.3 + 1.8 .77
9 5 59.8 + 3.2 .95 45 50.4 + 2.3 .80
10 5 62.7 + 1.9 1.00 35 55.1 + 1.2 .87

* Average Value Standardized Over 10th Day Value of Nest
with one Nestling for Weight Measurement.
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DAILY COMPARISON OF MEAN SIZE OF MOURNING DOVE NESTLINGS DEPENDING ON THE INTERVAL OF THE BREEDING SEASON
INTERVAL # 1 INTERVAL # 2 INTERVAL # 3 INTERVAL # 4
Wing Length Wing Length Wing Length Wing Length

DAY NO. X + S.E. * NO. X + S.E. * NO. X + S.E. * NO. X + S.E. *

0 10 12 + 0.8 .15 28 13 + 0.2 .16 23 13 + 0.3 .16 4 13 + 0.6 .16
1 10 15 + 0.8 .19 30 18 + 0.4 .22 25 17 + 0.6 .21 4 15 + 0.3 .19
2 10 20 + 1.2 .24 28 23 + 0.6 .29 27 23 + 0.9 .28 4 19 + 1.7 .24
3 12 26 + 1.2 .32 24 30 + 0.9 .37 27 29 + 1.2 .36 4 25 + 2.6 .31
4 12 33 + 1.4 .41 23 37 + 1.2 .46 27 36 + 1.5 .44 4 31 + 3.1 .39
5 10 41 + 1.6 .51 20 47 + 1.2 .59 26 43 + 1.9 .54 3 37 + 5.2 .46
6 8 48+2.1 .60 17 54 + 1.8 .67 26 50 + 2.3 .63 2 43 + 9.5 .53
7 8 55 + 2.4 .69 19 60 + 2.0 .75 26 57 + 2.9 .71 2 50 + 15.0 .62
8 7 59 + 2.8 .74 19 67 + 2.3 .84 25 62 + 3.4 .78 2 56 + 14.0 .70
9 7 66 + 3.8 .83 18 72 + 2.7 .90 24 64+4.9 .80 2 62 + 14.0 .78

10 5 76 + 3.2 .95 16 79 + 3.1 1.00 17 64+6.6 ooo• 2 69 + 14.5 .87

* Average value over value on day 10 of interval # 2 for wing length.
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TABLE 13b

DAILY COMPARISON OF MEAN SIZE OF MOURNING DOVE NESTLINGS DEPENDING ON THE INTERVAL OF THE BREEDING SEASON

INTERVAL # I INTERVAL # 2 INTERVAL # 3 INTERVAL # 4
Total Length Total Length Total Length Total Length

DAY NO. X + S.E. * NO. X + S.E. * NO. X + S.E. * NO. X + S.E. *

0 10 59 + 1.5 .38 28 63 + 0.7 .41 23 64+0.7 .42 4 61 + 1.5 .39
1 10 65 + 1.1 .42 30 71 + 0.8 .46 25 72+0.7 .47 4 68 + 1.2 .44
2 9 73 + 1.5 .48 28 81 + 0.8 .53 27 80 + 0.8 .52 4 75 + 1.9 .48
3 11 80 + 1.6 .52 24 90 + 1.1 .58 27 89 + 0.6 .58 4 82 + 3.2 .53
4 11 90 + 2.0 .58 23 98 + 1.5 .64 27 97 + 0.7 .63 4 87 + 3.6 .56
5 10 99 + 2.0 .65 20 110 + 1.6 .71 26 106 + 0.8 .69 3 96 + 4.3 .62
6 8 109 + 2.7 .71 17 118 + 1.8 .77 26 114 + 1.0 .74 2 99 + 11.0 .64
7 8 117 + 3.8 .76 19 127 + 1.8 .82 26 123 + 0.9 .80 2 105 + 13.5 .69
8 7 124 + 3.8 .81 19 135 + 1.7 .88 25 129 + 1.3 .84 2 111 + 16.0 .72
9 7 133 + 5.1 .86 18 144 +2.2 .94 24 131 + 5.9 .85 2 119 + 16.0 .77
10 5 144 + 6.9 .94 16 153 + 1.8 1.00 17 143 + 2.5 .93 2 128 + 20.0 .83

* Average value over value on day 10 of interval # 2 for total length.



TABLE 13c

DAILY COMPARISON OF MEAN SIZE OF MOURNING DOVE NESTLINGS DEPENDING ON THE INTERVAL OF THE BREEDING SEASON

INTERVAL # 1 INTERVAL # 2 INTERVAL # 3 INTERVAL # 4
Alar Tract Alar Tract Alar Tract Alar Tract

DAY NO. X + S.E. * NO. 
...-

X + S.E. * NO. X + S.E. * NO. X + S.E. *

0 8 0 + 0.0 .00 14 0 + 0.0 .00 18 0 + 0.0 .00 4 0 + 0.0 .00
1 8 1 ± 0.7 .01 15 1 + 0.4 .01 21 1 + 0.3 .01 4 1 + 0.4 .01
2 7 3 + 1.0 .04 14 5 + 0.6 .08 23 5 + 0.4 .08 4 3 + 0.9 .06
3 8 7 + 1.9 .12 12 11 + 0.8 .18 23 11 + 0.6 .18 4 7 + 1.6 .11
A 8 11 + 2.7 .18 11 18 + 1.6 .30 23 17 + 0.6 .30 4 12 + 3.3 .20
5 6 11 + 4.9 .19 10 27 + 1.7 .46 22 26 + 0.7 .44 3 16 + 5.8 .27
6 4 12 + 7.4 .21 11 33 + 1.8 .57 22 34+0.7 .59 2 19 + 8.5 .34
7 4 14 + 8.2 .24 11 40 + 2.0 .69 22 41 + 0.7 .72 2 26 + 10.5 .44
8 4 18 + 10.7 .30 11 45 + 1.9 .79 22 48 + 0.6 .83 2 31 + 12.5 .54
9 4 21 + 12.8 .37 10 49 + 2.4 .86 22 50 + 2.5 .87 2 38 + 12.0 . 66
10 2 50 + 8.5 .88 10 57 + 0.8 1.00 16 56 + 0.8 .98 2 44 + 11.5 .75

* Average value over value on day 10 of interval # 2 for alar feather measurements.



TABLE 13d

DAILY COMPARISON OF MEAN SIZE OF MOURNING DOVE NESTLINGS DEPENDING ON THE INTERVAL OF THE BREEDING SEASON

INTERVAL # 1 INTERVAL # 2 INTERVAL # 3 INTERVAL # 4
Weight Weight Weight Weight

DAY NO. X + S.E. * NO. X + S.E. * NO. X + S.E. * NO. X + S.E. *

0 10 4.5 + 0.8 .07 28 7.0 + 0.3 .12 23 7.0 + 0.2 .11 4 6.1 + 0.3 .10
1 10 7.4 + 1.7 .12 30 11.2 + 0.5 .19 25 10.6 + 0.3 .18 4 8.7 + 0.3 .14
2 10 12.3 + 2.2 .21 28 17.8 + 0.6 .30 27 16.0 + 0.5 .27 4 13.3 + 1.7 .22
3 12 16.6 + 2.4 .28 24 25.6 + 1.0 .43 27 22.0 + 0.5 .37 4 18.7 + 2.8 .32
4 12 22.5 + 3.5 .38 23 32.9 + 1.6 .56 27 28.1 + 0.6 .48 4 25.1 + 3.4 .42
5 10 25.5 + 4.6 .43 20 41.4 + 1.7 .70 26 34.7 + 0.8 .59 3 30.3 + 5.9 .51
6 8 28.8+6.6 .49 17 45.3 + 2.2 .77 26 40.1 + 0.9 .68 2 31.2 + 10.8 .53
7 8 36.3 + 8.3 .62 19 51.5 + 1.6 .88 26 46.4 + 1.1 .79 2 37.3 + 14.2 .63
8 7 36.0 + 9.7 .62 19 54.5 + 1.5 .93 25 49.8 + 1.1 .85 2 44.3 + 11.9 .75
9 7 36.2 + 9.7 .62 18 57.2 + 1.5 .97 24 50.8 +2.6 .87 2 56.0 + 12.5 .95
10 5 49.9 + 4.5 .85 16 58.4 + 1.3 1.00 17 55.8 + 1.5 .95 2 54.3 + 14.7 .93

* Average value over value on day 10 of interval # 2 for weight attainment.
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FIGURE 1

DAILY PERCENTAGES OF ADULT SIZE ATTAINED FOR TOE, UNDER JAW 
ALAR TRACT, TOTAL LENGTH, AND WEIGHT IN NESTLING MOURNING

DOVES

TOE

UNDER JAW

ALAR
TRACT

TOTAL
LENGTH

WEIGTH



APPENDIX A

CORRELATION COEFFICIENTS BETWEEN ALL MEASUREMENTS FOR MOURNING DOVE NESTLINGS
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Toe .94 1.00 .94 .88 .94 .96 .93 .91 .85 .84 .87 .87 .94
Tarsus .92 .94 1.00 .84 .92 .93 .91 .87 .85 .83 .85 .86 .92

Wing .91 .88 .84 1.00 .83 .94 .95 .93 .86 .86 .86 .90 .92
Under Jaw .89 .94 .92 .83 1.00 .94 .87 .84 .81 .79 .80 .81 .88
Total
Length

.94 .96 .93 .94 .94 1.00 .95 .93 .88 .87 .86 .91 .95

Alar Tract .95 .93 .91 .95 .87 .95 1.00 .99 .94 .94 .94 .96 .96
Humeral
Tract

.93 .91 .87 .93 .84 .93 .99 1.00 .95 .95 .93 .96 .94

Capital
Tract

.90 .85 .85 .86 .81 .88 .94 .95 1.00 .94 .90 .93 .90

Caudal
Tract

.91 .87 .86 .90 .81 .91 .96 .96 .94 .94 .92 1.00 .91

Weight .94 .94 .92 .92 .88 .95 .96 .94 .90 .88 .88 .90 1.00
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