THE INFLUENCE OF COLONY POPULATIONS ON HONEY
PRODUCTION

By C. L. FARRAR 2

Associate apiculturist, Division of Bee Culture, Bureau of Entomology and Plant
Quarantine, United States Department of Agriculture

INTRODUCTION

Two ultimate objectives form the basis of the beekeeper’s business,
namely, the production of a crop and the conversion of that crop into
money. The amount of honey produced per colony has an even greater
significance in determining profits than the market price received for
the honey.® *

Many factors affect the yield of colonies and yet very few usable
data have been collected upon which an accurate analysis of the
significance of any one factor can be based. The intensity and length
of the honey flows are of first importance in characterizing differences
between seasons, localities, regions, etc. Populations, races or strains
of bees, and management contribute to individual variations between
colonies and apiaries under the same honey flow. Individual colonies
often produce yields many times the average for an apiary. In a broad
sense, variations in yield due to differences in population and manage-
ment are greater under present conditions than those due to the nature
of the honey flow. The average beekeeper is not obtaining the maxi-
mum production per colony for any particular season or locality.

The purpose of this paper is to outline a method for making an
analysis of the influence of colony populations on production, and to
give the preliminary results of studies of this relationship carried on by
the Intermountain States Bee Culture Field Laboratory.®

METHOD OF OBTAINING DATA

Data were collected on the seasonal changes in colony characteristics
of colonies individually isolated to prevent drifting. Records of
population and production obtained generally at 12-day intervals
were used in this analysis. The populations were determined by
obtaining the gross weight of the colony and subtracting the weight of
the equipment after the bees had been removed. The bees became
thoroughly mixed during the manipulation and a sample of 500 to 800
bees was taken from the cluster, weighed, and counted to obtain the
average weight per bee in milligrams. This weight was used to convert
the total weight of bees into the total number of bees. The usually
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accepted number of 5,000 bees per pound is unreliable for estimating
colony populations since the average for different colonies or for the
same colony at different times may range between 2,800 and 4,300 per
pound with the majority approximating 3,500. The record of produc-
tion gives the net increase 1n honey for the period intervening between
the date of the previous observation and that on which the population
was determined.

Colony populations tend continuously to change. They either
increase or decrease, although normal colonies are capable of maintain-
ing a maximum population of about 60,000 bees during the active
season. All normal colonies respond in a similar manner to their
environment. It is well known that the intensity of the honey flow
varies greatly according to locality, time of season, and weather.
Since the required data can be obtained on only a few colonies in one
locality at any time (from 6 to 10 per day), it is both desirable and
necessary in analyzing the production-population relationship to
standardize the production records to a common honey-flow level
from which variations induced by locality and time have been elimi-
nated. If this is possible, then production-population data represent-
ing a group of colonies taken for any locality, period, or season can be
f.lnalyzed statistically and readily compared with any other similar

ata. ‘
DEVELOPMENT OF STATISTICAL METHODS

A graphic comparison of such data in 1932, represented by seasonal
segments for 12 colonies individually isolated to prevent drifting and
as nearly equivalent in breeding and management as possible, indicated
that there is a straight-line relationship between the population of a
colony and its production. The production levels for the various
seasonal segments differed considerably whereas the slopes of the
regression lines indicating the effect of population on production were
fairly similar for all segments. Further study of this relationship
has resulted in the development of the following statistical method, in
some phases unique: The actual production levels of seasonal segments
are standardized to a common honey flow of arbitrary intensity for
the purpose of determining a significant correlation coefficient and
the mean relative production of colonies varying over the normal
population range, i. e., 15,000 to 60,000.

The line of regression is determined by the equation

Y=r?[X—-Mx]+M.,

for each seasonal segment of one of more series of colonies. The values
of Y (i. e., the production) for the corresponding values of X (e. g.,
15,000 and 30,000 bees) for all seasonal segments are averaged to obtain
the mean production level for all segments. This mean regression
line is all raised (or lowered) proportionally to an arbitrary production
level of 15 pounds for 15,000 bees to give the line of standardization.
The actual production data for each seasonal segment are standardized
by multiplying each by a factor. These factors are obtained by
dividing the production indicated on the line of standardization for
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the mean population of each seasonal segment by the corresponding
actual mean production. The correlation coefficient and regression
equation are then computed by the usual methods, using the standard-
ized production data and actual populations for the composite group.
When the regression line is determined for the composite standardized
data it will fall on the line of standardization (except for negligible
differences due to decimals being dropped), giving a check against
the computations.

In like manner these standardized regression lines, representing any
number of seasons or localities, can be averaged until sufficient data
are included to give a better average relationship between colony
populations and production. The arbritary production level of 15
pounds for 15,000 bees used for standardization is entirely within the
limits of possible production, although any other level would be
equally good in making statistical analyses. It was selected because
15,000 bees is approximately the minimum population for producing
colonies. Since the relationship may be better expressed as the
“production factor per thousand bees” by dividing any production
indicated on the regression line by the corresponding population, the
selected standard gives a convenient production factor of unity for
producing colonies of minimum population.

APPLICATION OF STATISTICAL METHOD TO DATA

Table 1 summarizes the statistical data obtained from 16 seasonal
segments, and the combined standardized data representing a com-
posite of 133 observations, made in 1932 and 1933 on two series of
colonies. Table 3 gives the actual population-production data and
standardized production data used in determining these constants.
The segments are numbered 1 to 16 for the purpose of identifying
the actual and standardized regression lines limited by their respective
minimum and maximum populations as drawn in figure 1. The high
correlation coefficients for most segments indicate a close association
between the two factors in question. When the differences in honey
flows are eliminated by standardization, the high correlation coefficient
of 0.9292-+0.0080 is obtained for the composite data. Here the
number of cases is sufficiently large to make the coefficient reasonably
significant.

Table 2 gives the production factors per thousand bees based on
the regression equations given in table 1, the lines of which are drawn
in figure 1. When these production factors are averaged for all 16
segments, they may be standardized by dividing each by the average
factor for 15,000 bees, to reduce that factor to unity. It will be seen
that when these average production factors are standardized, they
are equivalent to the production factors obtained from the regression
line of the composite standardized data.- This duplication of results
gives proof that the method presented for standardizing actual
productions to a common honey flow does not distort the relationship
between the two factors and that the correlation coefficient (r) of
0.9292+40.0080 obtained from the standardized composite data is
really significant.
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TaBLE 2.—Production factors per thousand bees based upon seasonal regression lines
for actual production and upon standardized regression lines

Production factor per 1,000 bees for colonies of—

Series and segment no. Date
15, 000|20, 000|25, 000(30, 00035, 000|40, 000|45, 000|50, 000|55, 000}60, 000

Isolated series for 1932:

0.954 (0.975 |0.993
.423 | .423 | 423
1.070 {1.111 |1.143
1. 518 |1.564 |1.602
.322 | .331 | .338
.526 | .538 | . 550
. . . . . . . 1.460 |1.465 |1.472

smmemmmmmmaemems .26 ... . . . . . . . 1.000 | .980 | .963
July 20-21__./1.080 [1.090 {1.096 |1.100 (1.103 |1.105 [1.107 [1.108 [1.109 {1.110
Aug.1-2____| .767 | .960 |1.076 |1.153 |1.209 |1.253 |1.284 |1.310 |1.331 |1.348
Aug. 13-14__{ . 853 |1.105 (1.260 |1.363 |1.434 (1.490 |1.533 |1.568 (1.595 (1.618

.550 | .560 | .567 | .574 | .578 | .580 | .582 | .584 | .585
.815 | .804 | .793 ( .789 | .783 | .'780 ( .776 | .773 | .772
.430 | .664 | .823 | .934 {1.013 |1.084 [1.136 {1.178 |1
1.700 |1.508 |1.380 |1.289 {1.220 |1.167 [1.124 |1.087 |1.
.455 | .632 | .750 | .834 | .895 | .944 | .985 |1.015 |1.042

1

1

1

8.
Isolzated series for 1933:

Average...._.-oooeoocaaans . .7793| . 8498| .8068| .9309| .9561| .9755| .9914{1.0037|1.0145
. Average standardized.. -(1.00 {118 (1.28 {1.35 [1.41 {1.44 [1.47 [1.50 (1.52 [L.53
Line of standardization.....__....___.__ . 118 |1.29 |1.36 (141 [1.45 |1.48 [1.50 (1.52 |1.54

The validity of including segment 2 in the composite analysis
might be questioned, since this segment covers a production period of
only 6 days and all other segments represent practically 12-day
periods (table 3). It should be recognized that the production period
has no significance in determining the relative production between
colonies so long as it is constant for the group. The available nectar
varies from day to day, being determined by climatic and honey-
plant conditions. Actual gains in honey may be made during only a
small portion of the production period whether this covers 6, 10, 12,
or even more days. The production periods in this type of analysis,
however, should not be too long, since smaller colonies make larger
proportional gains in population owing to more intensive brood
rearing, ¢ permitting these to raise their population-production level
within the production period.

TaBLE 3.— Population-production data for colonies of bees in 16 seasonal segments,
involving the isolated series for 1932 and the isolated and the pollen series for 1933

ISOLATED SERIES FOR 1932

Segment and colony no. Population | Production S:g)':ld};rg;:f Sg:ggﬁ‘;‘gi‘ggd
Segment 1 (July 21): Thousands Pounds Pounds
1 21.0 12.1 22.9
24.4 11.6 21.9
11.6 3.7 7.0
18.1 11.4 21.5
21. Z 1'1('. 7 31; i
25. 21.9 .
29,4 14.4 1.880 27.2
16.5 5.9 11.1
27.9 15.2 28.7
23.3 15.0 28.3
22.7 13.1 24.7
30.3 312 58.9

8 FARRAR, C. L. THE INFLUENCE OF THE COLONY’S STRENGTH ON BROOD REARING. Ontario Dept. Agr.,
Beekeepers’ Assoc. Ann. Rept. 51-52: 126-130, illus. 1932.
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TABLE 3.—Population-production data for colonies of bees
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TaBLE 3.—Population-production data for colonies of bees in 16 seasonal segments,
involving the isolated series for 1932 and the isolated and the pollen series for 1933—
Continued

ISOLATED SERIES FOR 1933—Continued

: : Standardiza- | Standardized
Segment and colony no. Population | Production tion factor production
Segment 11 (Aug. 13-14): Thousands Pounds Pounds

1 318 41.0 40.2
28.4 45.0 44.1
32.0 33.7 33.0
38.3 59. 1 57.9
326 0 470

3 48. .
33,1 5.5 0.980 534
29.8 34.6 33.9
53.4 75.8 74.3
36.9 61.9 60.7
34.3 43.8 42.9
54.4 93.4 915
POLLEN SERIES FOR 1933
Segment 12 (July 10):

2 22.6 19.6 471.7
33.7 22.2 54.1
11.9 4.0 9.7
37.9 17.6 42.9
35.9 17.1 2. 436 41.7
41.1 33.6 81.8
49.6 27.4 66.7
29.3 15.0 36.5
33.8 12.8 312
30.6 30.0 55.9
42.9 29.0 54.0
23.3 10.5 19.6
37.7 32.4 60.3
45.8 35.1 1.862 65. 4
48.1 34.4 64.1
62.7 47.2 87.9
36.7 32.0 59.6
39.6 36.8 68.5
38.6 32.6 44.7
48.5 51.8 7.1
35.8 21.5 29.5
42.2 54.8 75.2
46.1 63.6 1.372 87.3
50.2 66.0 90. 6
57.6 56.0 76.9
41.1 41.0 56.3
39.4 42.7 58.6
40.8 51.7 67.5
57.6 72.0 94.0
43.4 66. 5 86.8
46.0 50. 4 65.8
43.8 56. 1 1. 306 73.3
48.9 44,7 58. 4
57.4 57.7 75.4
44.5 49. 4 64.5
44.8 40.0 52.2
4.8 50.0 75.9
60. 5 65. 4 99.3
63.6 73.9 112.2
46.8 50. 4 76.5
48.4 58.7 1.518 89.1
60.9 55.2 83.8
46.9 317 48.1
45.6 41.4 62.8
49.3 38.3 58.1
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APPLICATION OF RESULTS

It will be seen in table 2 that the production per unit of bees sub-
stantially increases, on the average, as the population increases.
This also holds true in 12 out of 16 segments. Segment 2 did not
vary over the population range of 14,100 to 30,600; segments 8, 13,
and 15 show decreases in production per unit of bees although all
three represented comparatively narrow population ranges. The
standardized production factors per unit of bees may be interpreted
to mean that one colony with 60,000 bees will probably produce 1.54
times as much honey as four colonies each with 15,000 bees; one
colony with 45,000 bees will probably produce 1.48 times as much
honey as three colonies each with 15,000 bees; one colony with 30,000
bees will probably produce 1.36 times as much honey as two colonies
each with 15,000 bees.

In localities where the honey flow is of short duration, ranging from
10 to 40 days, the significance of this marked advantage in strong
colonies is readily apparent. In localities having an extended honey
flow lasting from 60 to 90 days, asis characteristic of the intermountain
region, the advantage of strong colonies at the beginning of the flow
is still evident although to a less extent than where the flow is short.
This situation results from the fact that smaller colonies rear more
brood in proportion to their population than do large colonies ? and
are thus able to gain in strength more rapidly. The stronger colony
actually rears more brood, other things being equal, than do smaller
colonies and is thus able to maintain its advantage until a maximum
strength of approximately 60,000 bees is reached for all colonies.

The same amount of honey can be produced from a small number of
strong colonies at a greater saving in both labor and equipment than
from a larger number of small colonies. This fact is particularly sig-
nificant in determining profit or loss under low honey prices and it
should be recognized as a sound business principle when dealing with
a favorable market.

SUMMARY AND CONCLUSIONS

A high correlation and a linear relationship were found to exist
between the populations of small groups of colonies and their respec-
tive productions during periods of less than 2 weeks when all colonies
had access to the same source of nectar for the same period of time.
The production level varied between seasonal or locality segmental
groups of colonies owing to differences in the amount of nectar avail-
able, but the relative production slopes of 16 segments when reduced
to standard production factors per unit of bees were found to be
fairly similar.

A method was developed of standardizing segmental population-
production data to a standard honey-flow level by averaging the
actual regression lines of the segmental data. This average line is
raised (or lowered), all points proportionally, to a selected standard
where 15,000 bees produce 15 pounds of honey. A standardization
factor is obtained for each segment by dividing the production indi-
cated on the line of standardization for its mean population by its
respective actual mean production. The actual production for each

7 FARRAR, C. L. See footnote 6.
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colony in a segment is then multiplied by the standardization factor
representative of its segment to obtain the standardized production.
When the standardized production for each of 133 cases representing
16 seasonal segments was correlated with the actual population, a
correlation coefficient of 0.92924-0.008 was obtained. The resulting
regression equation was determined and found practically to coincide
with the line of standardization. When this line was reduced to fac-
tors representing the mean relative production per thousand bees
over the normal colony population range it was found that bees in
colonies with 30,000, 45,000, and 60,000 bees produced at a rate of
1.36, 1.48, and 1.54 times as much honey, respectively, as colonies
with 15,000 bees.

The lines representing the slopes of the different seasonal segments
and extending over the normal population range, i. e., 15,000 to
60,000 bees, were factored. These factors when averaged and reduced
to the standard of unity of 15,000 bees, were the same as those de-
rived from the regression line of the composite standardized data.
This procedure demonstrates that the standardization method does
not distort the relationship existing between the actual population
and production data and indicates that the coefficient of correlation,
0.9292, thus obtained can be considered significant.

The conclusion may be drawn from the production factors derived
that the production efficiency of colonies increases as the population
%)ncreases throughout the normal population range of 15,000 to 60,000

ees.
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