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Inflorescence, Bumble Bee, and Climate Interactions in Seed Crops of a Tetraploid 
Red Clover (Trifolium pratense L.) 1 

P.T.P. Clifford and D. Scott2 

ABSTRACT 

Seasonal and daily variation of inflorescence characters, 
bumble bee activity and climate interactions were measured 
in 'Grasslands Pawera' red clover in an inland area of New 
Zealand. Row spacing of 15 em produced a slightly higher in
florescence population but a lower seed yield than 60 em row 
spacing because of lower seed set per inflorescence. The inflo
rescence: bee ratio indicated equal opportunity for pollination 
at different spacings and times during the day or season. The 
rate of' floret opening was related to time of day, temperature 
and radiation. A small effect of inflorescence numbers on the 
long-tongued bee species was also noted. Low seed set was at
tributed to a bee shortage and appeared to be the major limi
tation to increased seed production. 

Additional index words: seed production, pollination, bum
ble bee,Bombus, 'Grasslands Pawera', red clover, climate. 

INTRODUCTION 

Seed set in the tetraploid red clover 'Grasslands Paw
era' (Trifolium pratense L.) is likely to be influenced by 
the same pollinator and plant factors as in other red 
clovers. Seed set in tetraploid red clovers is potentially 
lower than in diploids because irregularities at meiosis 
give higher abortion. rates (Julen, 1956: Mackiewicz, 
1965). The longer corolla tubes in tetraploid inflores
cences mean that long-tongued Bombus species or pollen 
collecting short-tongued bees are more effective polli
nators. However, competition from alternative pollen 
sources, in many seasons, prevents short-tongued pollen 
collectors from being used as the sole pollination force 

. (Holm, 1966: Dennis and Hass, 1967; Goral, 1968: Clif
ford and Anderson, 1980). 

From the first successful release (1885) and later re
le~ses, only four Bombus species have established (Gurr, 
1964). (Short-tongued) B. terrestlis (L.) and (long
tongued) B. ntderatus (Fab.) are common to the whole 
country. The two other long-tongued species, B. subter-

1Contribution from Grasslands Division, D.S.I.R., Can
terbury Agricultural Research Centre, Private Bag, 
Christchurch, New Zealand. Received for publication 16 
September 1988. 
2Scientists, Grassland Division, D.S.I.R., Canterbury 
Agricultural Research Centre, Private Bag, Christchurch, 
New Zealand. 

38 

raneus (L.) subsp. latriellellus (Kirby) and B. lwrtomm 
(L.), are only found from Canterbury and south, in the 
intermontane basins and in the foothills and coastal 
plains, respectively (Gurr, 1964, 1975). Honey bees, a~
though numerous within the area, are ineffective polli
nators of red clover, preferring the numerous alternative 
food sources (Clifford unpubl. data). 

The objective of this study was to quantify some of the 
pollination relationships for a tetraploid red clover in the 
presence of a population of three species of bumble bees. 
Seasonal and daily variation in inflorescence and bumble 
bee densities and characteristics, and the interaction 
between inflorescence, bees, and variations . in macro
climate were measured. Until such work is done, varia
tion is seed set cannot be apportioned between plant and 
pollinator factors. Once known, any deficiency in polli
nator numbers could be overcome through spring intro
duction of queens (Clifford, 1973), permanent placement 
of hives close to the crop for nesting, (Macfarlane et al., 
1983) or bringing in colonies from well beyond the crop 
(Macfarlane et al., 1983; Pomeroy, 1981). 

MATERIALS AND METHODS 

Site: Pawera red clover was sown on a gleyed recent 
soil (Udic Ustochrept) 6 km west of Lake Pukaki in the 
intermontane basins of the South Island of New Zealand. 
The annual rainfall of the general area was 540 mm 
evenly distributed throughout the year, mean tem
perature of 17.5 C during the main flowering period 
(February) and a mean mid-winter temperature (July) of 
2.2 C. Within the general site locality (3 km2) flowering 
diploid red clovers were a common component of hay 
crops as well as sown and oversown pastures. 

Agronomic: The study area was 0.8 ha, and planted in 
rows 15, 45, 60 em apart in four replications. Rows were 
planted in two densities of 5 or 10 plants per row meter 
in the spring and overdrilled on an oat crop in 1968 
(Clifford, 1974). Total inflorescence numbers of the sec
ond year crop (1972) were measured every two weeks in 
three permanent quadrats (1.8 m2) in each of the 15 em 
and 60 em row spacings. Ripe seed heads were removed 
from the quadrats on 8 February, 2 March and 22 March 
at approximately early, mid- and late-flowering stages to 
determine yield and seed weight. Corolla tube 
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lengths were measured at peak flowering on 5 florets per 
inflorescence from each of 30 inflorescences per plot 
from 25 heads in each plot. 

Inflorescence numbers were measured in each of the 
three row spacings in the same stand during six days of 
the main flowering period (17-19 and 21-23 February) in 
1972. Floret opening was measured over the same six 
days on five tagged inflorescences per plot every two 
hours between 0700 and 1900 h NZST in an adjacent 
stand 200 m from the 1972 plot. The stand was one year 
younger and row spacings were the same but with 5 and 
10 plants per row m. 

Pollination: Counts of all three species and all castes 
of bumble bees were made on two fine days every two 
weeks in 1971 between 1200 and 1500 h from a sample 
area of 36 x 2m in each plot. Use of mown walkways, a 
slow walking pace, and recording observations only from 
the non-shadow side of the observer all ensured that the 
bees were undisturbed at counting. Tongue lengths were 
measured from 10 workers of each species collected on 
27 January and 25 February. In 1972, on the same days 
that inflorescence measurements were made, bees were 
counted hourly from 0700 to 1900 h, inclusive, using the 
same sample area. Pollination efficiency was measured 
hourly on 13-15 February between 0900 and 1700 h in the 
adjacent stand of similar spacing treatments. Efficiency 
was measured as the time taken (flight included) to pol
linate 20 florets by each of 10 different B. ntderatus male 
nectar collectors. The florets per inflorescence visited 
were recorded. 

Climate: In 1972, a radiant energy intensity was mea
sured with a Casella bimetalic actinograph and air tem
perature and relative humidity were measured with a 
Lambrecht thermohydrograph (1m screened). Evapo
ration during the previous hour was measured with a 
Lambrecht recording evaporation balance and the satu
ration deficit was calculated from air temperature, rela
tive humidity, and wind run. In 1973, climatic variables 
other than radiation were measured. 

Statistical Analyses: Basic relationships were tested 
by analysis of variance. Daily floret opening and bee 
density effects were examined by correlation between the 
mean, standard deviation, skewness and kurtosis coeffi
cients of the daily pattern. Subsequently, bee, floret, and 
climate .interactions were assessed by principal compo
nent analysis to obtain any prominent groupings. These 
groupings were then subjected to step-wise multiple re
gression to rank the importance of the contributing 
components. 

RESULTS 

Seasonal Variations: A general relationship was ob
served between inflorescence population and seed yield 
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in the different treatments of row spacings and samplings 
in the 1971 measurements (Fig. 1). Seed yields were sig
nificantly greater from the 60 em spacing than from the 
comparable 15 em spacing at the early and main flower
ing periods. There were no significant differences be
tween row spacings in numbers of florets per inflores
cence (124 ± 3.5) or in mean seed weight (2.37 ± 0.01 
mg). 
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Figure 1. Inflorescences m·2 (a) long-tongued bumble 
bees (ha-1), (b) seed yield (kg ha-1), (c) and 
calculated seed set per inflorescence, (d) for 
early, main and late flowering at 30 and 60 
em row spacings in 1971. 

The major differences in seed yield in the flowering 
periods can therefore be attributed to differences in the 
calculated seed set per head. Seed set was significantly 
different for the 15 and 60 em row spacings, 18.0 and 26.7 
seeds per head, respectively. 

The two long-tongued bumble bee species actively 
worked the crop while the short-tongued species only 
robbed nectar by biting through the base of the floret. 
Peak bee density in 1971 was similar for both long
tongued species, and occurred about 2 weeks later for B. 
terrestlis (Fig. 2). B. mderatus and B. terrestlis males were 
both present on the crop, whereas B. subterraneus males 
were almost completely absent, which contributed to the 
sharper decline in density of B. subterraneus in the later 
part of the season (Fig. 2). Because of this decline B. 
mderatus represented a higher percentage of the long
tongued specie& present as the flowering season pro
gressed: 48, 57 and 75% (LSD 0.05 = 2.5%), respec
tively for early, main and late flowering. 
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Figure 2. Seasonal frequency of bumble bee species 
(males +workers) on the 1971 red clover 
crop. Mean of row spacings. Bars represent 
two SE's. 

Peak bee populations coincided with peak inflores
cence populations. All inflorescences had a similar op
portunity for pollination according to the ratio of inflo
rescences per bee (2740). This ratio did not differ sig
nificantly between dates and spacings, though the trend 
was for the value to be lower at higher inflorescence 
populations at each date. 

Tongue length differed significantly among species for 
B. rnderatus, B. subterraneus and B. terrestris 9.3, 7.9 and 
5.4 mm (LSD 0.05 = 0.44), respectively. As the season 
progressed, the mean tongue length for the three species 
increased from 6.4 mm in late January to 8.6 mm in later 
February (LSD 0.05 = 0.38). 

Hourly variations: Floret opening was affected by 
time of day, date of sampling and row spacing on plants 
in the adjacent stand sampled in February. Mean num
ber of florets opening per inflorescence per day was 17.8 
(range 12.8-22.5; LSD 0.05 = 0.74). Rate of floret 
opening peaked between 1300 and 1500 h (Fig. 3). 

For main flowering, comparison of species numbers 
for the same observation time (1200-1500 h) indicated a 
proportional variation between 1971 and 1972 (Fig. 4 cf. 
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Fig. 5). However, of greater importance was the hourly 
variation in species numbers present which indicated that 
specific observations within any day may bear no rela
tionship to either the species mean or mean total forag
ing force (Fig. 4). B. terrestris had highest mean numbers 
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Figure 3. Floret opening (number opening 2 h·1) of a 

tetraploid red clover in February 1972. X = 
8 + 11; • ::: 16 + 22; and o = 33 + 67 plants 
m·2• 0700 h measurements represent floret 
opening since 1900 h previous evening. Bars 
represent two SE's. 
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Figure 4. Hourly variation in bumble bee populations 
present on the red clover crop during main 
flowering 1972. Mean of six days for all 
treatments. Bars represent two SE's. x = B. 
Terrestris; o = B. subterraneus; • = B. 
rnderatus. 
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Figure 5. Hourly variation in efficiency of B. rnderatus 

males February 1973 (florets visited min-1), 
Bars represent two SE's. 

with a maximum near noon, B. subterraneus had inter
mediate numbers and a morning maximum, while B. rnd
eratus had lowest numbers and maximum in late after
noon. All three species showed a small depression in 
numbers at mid-day. 

In both seasons bee populations varied with plant 
spacing. In 1972 mean inflorescence numbers over the 
six-day period at the 60, 45 and 15 em row spacings were 
70, 92 and 109 inflorescences m·2, respectively. Bee 
numbers varied in relation to inflorescence numbers, the 
early afternoon (1200-1500 h) ratios give a mean of ap
proximately 3150 inflorescences per long-tongued for
ager. Both long-tongued species tended to reach their 
maximum densities closer to mid-day in the closest row 
spacing - highest flower number treatment. This shift in 
time of maximum numbers was 0.1 h for B. rnderatus and 
0.4 h for B. subterraneus. Inflorescence numbers were 
higher at 15 em row spacings and also floret opening was 
at a.maximum at about that time in this treatment, sug
gestmg that long-tongued bees tended to adhere to a for
aging pattern of minimum effort with maximum reward. 

In 1971, observations on bee activity showed that the 
mean number of florets visited per minute was 21.0 and 
~7.7 ± 1.9 for B. rnderatus and B. subterraneus, respec
tively, on 11 February. It was not possible to measure 
bee activity in relation to inflorescence population, be
cause the main plot size was too small ( 40 x 6 m) in rela
tion to the zig-zag foraging pattern. 

In 1973, further observations were confined to male B. 
rnderatus because of uniformity in size, ease of field 
identification, and their mid- and late-season contribu-
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tion to the pollination force. Number of florets visited 
per minute per bee increased sharply to a peak at mid
day and then gradually declined (Fig. 5). Number of flo
rets visited per inflorescence differed significantly be
tween sampling days ( 4.5-5.5, LSD 0.05 = 0.3), but not 
within days. 

Bees did not work in either the early morning or 
evening irrespective of temperature . 

Environmental interactions: Analysis of the climatic 
data showed a high correlation between temperature, 
relative humidity, saturation deficit and evaporation. By 
contrast, radiation and wind tended to vary indepen
dently of these factors and of each other, though there 
was a small increase in evaporation with increase in each. 

Both floret opening and bee densities showed diurnal 
patterns (Figs. 3 and 4), and the possibility that they rep
resented fixed circadian rhythms rather than response to 
variation in climate had to be considered. In this sense 
time of day was included as an environmental variable 
with transformation to allow for curvilinear response. 

Initial analysis using the rate of floret opening was 
correlated with both a time of day and climate effect, 
principally solar radiation and to a lesser extent satura
tion deficit, wind and inflorescence numbers. Of these, 
the significant effects of time and day were also associ
ated with linear increases with solar radiation and satu
ration deficit (Table 1). 

Environment effects on bee populations indicated a 
probable correlation with a combination of time of day, 
temperature and radiation, and possible lesser effects of 
inflorescence numbers, rate of floret opening, wind and 
relative humidity. The radiation effect was probably dif
ferent from that for rate of floret opening (values extrap
olated from the adjacent stand). 

Both time of day and climate responses were signifi
cant, though accounting for only 36-45% of the total 
variation in bee numbers (Table 1). The highest signifi
cant relationships were with air temperature and radia
tion. In all three species, numbers increased with tem
perature to a maximum of about 18 C. B. terrestris 
showed a small positive response to increase in rate of 
floret opening, while numbers of long-tongue species 
were enhanced as inflorescence numbers increased. 
Wind, although isolated by principal component analysis 
as a contributing factor to both floret opening and 
species number, showed no significant effect when evalu
ated using multiple regression. 

The two measures of bee efficiency in 1973 were re
lated principally to temperature or its interaction with 
humidity (Table 1). However no measure of radiation 
was taken in that year. 
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Table 1. Variables and significant regression coefficients in relationships between floret opening, bee densities, effi
ciencies, and time of day and climate parameters. 

Variable Symbol Mean 

Floret opening FO 299 
Bee density 

B. ruderatus BR 367 
B. subterraneus BS 591 
B. terrestris BT 903 

Hour H 13.0 
Radiation R 305 
Temperature T 20.0 
Saturation deficit s 59 
Flower density D 90 
Bee efficiency 

rate FM 23 
selection FH 5.0 

Regressions 

FO = -124 +0.957W -0.304W +0.430R +0.957S 

SD 

142 

272 
426 
541 

3.4 
176 

4.8 
40 
16 

4 
0.7 

Units 

No. 100-1 fl2 h-1 

bee ha-1 

bee ha-1 

bee ha-1 

24hr 
watt m-1 

oc 
Newtonm-2 

fls. m-2 

floret min-1 

floret head-1 

n R2 

216 .80 
BR = 2515 +142H -0.252W +156T -4.32T2+3.25D +0.934HxR -0.231R2 

BS = -2533 +242T -6.52T2 +2.69R -0.0026R2 +6.17D 
198 
198 

.36 

.48 
BT = -6118 +768H -27.3W +201T -5.50T2 +0.79FO 
FM = -15.5 + 2.2T -3.5x1Q-5 T x S 
FH = 0.21 +0.0034TxRH 

DISCUSSION 

Pawera ·seed production: Seed yields depend on the 
ability of the crop to produce inflorescences, an efficient 
and suitable bumble bee pollinator population, and the 
ability of the plant to sustain fertilized ovules through to 
maturity. This and other work (Clifford 1973, 1974, 1979; 
Clifford and Anderson, 1980; Macfarlane et al., 1983) 
makes it possible to assess plant and pollinator to seed 
yield of tetraploid red clover. 

There was an expected general relationship between 
inflorescence numbers and seed yield, 10 inflorescences 
m-2 producing about 5 kg ha-1 seed (Fig 1). In the 1971 
crop (Clifford, 1974) the total numbers of inflorescences 
produced varied from 398 to 458 m-2 and of florets from 
125 to 130 per inflorescence. The observed inflorescence 
numbers were in plant populations ranging from 8 to 67 
plants m-2. The time of closing for seed had no effect on 
the time of main flowering. However, delay in closing 
stands to the beginning of December tended to enhance 
inflorescence numbers without any major effect on dura
tion of crop flowering (Clifford, 1979). 

However, two lines of evidence suggest that seed 
yields were well below potential because bee numbers 
were insuffic:ient for maximum pollination. Results ob-
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198 .54 
18 .09 
18 .37 

tained in the same locality (Clifford, unpublished data) 
showed that Pawera can support 55-74 seeds per inflo
rescence, as can other tetraploid red clovers (Laczynska
Hulewicz, 1961). At 15-30 seeds per inflorescence (Fig. 
1), pollination was therefore only a third to a half of the 
potential. A similar value is derived from floret popula
tions and bee efficiency. At peak flowering inflorescence 
numbers were about 250 inflorescences m-2 (Fig. 1) and 
about 18 new florets per inflorescence were opening each 
day, giving a potential of about 4500 new florets m-2 each 
day for pollination, or 13,500 florets m-2 assuming the 
effective life of a floret for pollination is three days (Free, 
1965). Given a mid-day peak of 2000 bees ha-1 in 1972, 
over the mid-season sampling period, gives ~n average of 
about 1250 bees ha-1 over the whole day (Fig. 4). When 
combined with a mean efficiency of about 25 florets per 
min. (Fig. 5) over a 10 hour day, this gives a pollination 
ability of about 2000 florets m-2, a third to a half of the 
pollination requirement of 4500 florets m-2. Even then it 
must be noted that the efficiency figure used (B. rudera
tus males) may be up to double that for the total foraging 
force on a mean daily bas.is, because (1) B. ruderatus 
males predominantly collected nectar, which is faster 
than pollen or joint collection (Holm, 1966); (2) their 
size and thereby speed of collection was greater than the 
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average across all positive foragers; and (3) they have no 
requirement to transport food to service the nest. 

The higher seed set from the wider row spacings and 
consequent lower inflorescence numbers m-2 has not 
been explained. Even though the inflorescence and bee 
numbers varied between and within years, the inflores
cence:bee ratio indicated equal opportunity for pollina
tion of the inflorescences available at the different num
bers. If there were a deviation from equal opportunity 
the results (Table 1) suggest that it would be in favor of 
the higher inflorescence numbers m-2• Similarly any 
trend in florets per inflorescence would be in favor of the 
higher plant number treatments. Accessibility of florets 
did not contribute to differences in seed set, as differ
ences in both inflorescence:bee ratios and working effi
ciency amongst treatments appeared to be absent. 
Therefore, the difference in seed set must relate to dif
ferences in the ability of individual plants at the different 
populations to support all developing seeds in the post
fertilization phase. 

Just prior to flowering, red clovers develop a mass of 
fine rootlets just below the soil surface. During the flow
ering to seed-set period these, and not the tap root, are 
used to sustain plant vegetative and associated reproduc
tive functions (Tesu, 1969). Thus, lower per plant com
petition for soil moisture, within this restricted extraction 
horizon at 60 em than at narrower row spacings, was 
deemed to be the major contributor to the higher seed 
set in low plant number treatments. Further support for 
this premise is evidence that a major seed production re
sponse in white clover to minimal irrigation in a dry sea
son was a 27% reduction in ovule abortion (Clifford, 
1986). 

Palmer-Jones et al. (1966) could not increase seed set 
beyond 80% after caging high densities of either honey 
or bumble bees under the prevailing climatic conditions, 
on the diploid 'Grasslands Turoa' red clover. This result 
suggests a level of seed set above which the plant cannot 
support all fertilized ovules through to maturity. The 
deficiency was within the limits for post -pollination losses 
shown for Swedish tetraploids (Julen, 1956). 

Pawera produces only 70% of the inflorescence pop
ulation of other red clovers bred by Grasslands Division 
(Clifford, 1979). Since bees are attracted to the crop by 
its color (Brian, 1979), Pawera would tend to draw a 
lower proportion of the local population of long-tongued 
species than would diploid red clovers. To maximize the 
numbers of pollinators, delaying closing of the crop until 
early December produces the greatest intensity of peak 
flowering without any major effect on either time or span 
(Clifford, 1979). December closings were used for these 
stands. Therefore, there was no scope to draw additional 
long-tongued pollinators on the stand. 
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Besides inflorescence numbers and floret opening, 
pollination is related to the complex interaction of nectar 
production and climate (Oertel, 1946; Shuel, 1952; But
ler, 1953). However because tetraploids have longer apd 
wider corolla tubes than diploids, they may be less acces
sible and also more sensitive to variations in microcli
mate (Skirde, 1963). Nevertheless, the existence of only 
a minor non-significant trend towards a lower inflores
cence:bee ratio at high inflorescence populations sug
gests that differences in bee visitation, attributable to 
nectar characteristics, has no effect on the seed-set dif
ferences gained. 

Environmental interactions: Bee metabolic rate 
(Heinrich, 1972, 1973, 1976; Teras, 1976), bee efficiency 
(Kropacova and Haslbachove, 1970; Teras, 1976; Corbet, 
1978a, 1978b; Corbet et al., 1979; Danilevsky et al., 1970) 
have been considered in studies of the relationship be
tween inflorescences, bees and climate. The present re
sults suggest that all three are involved in the 
relationship. 

Floret opening and the numbers of B. mderatus and B. 
te!Testds present were related to time of day (Table 1). 
Thus the response at any particular time appears to be 
related to both circadian rhythm and the prevailing cli
matic conditions. 

All the inflorescence and bee results showed relation
ships with climate, most significantly to temperature and 
radiation. The increase in rate of floret opening with ra
diation and saturation deficit suggests that initially nec
tar per floret may be less, but more concentrated. 

There were similarities and differences in the envi
ronmental response of the three bumble bee species. 
The two long-tongued species were similar in their re
sponse to air temperature and inflorescence numbers. 
The B. mderatus daily pattern (Fig. 4 and Table 1) ap
peared to be time controlled, but that of B. subte!Taneus 
was controlled by radiation. Radiation greater than 
about 500 watts m-2 depressed B. subte!Taneus numbers, 
and the significantly lower mid-day population (Fig. 4) 
may be related to peak radiation intensities at that time. 
Mid-day population depression has also been noted by 
Loken (1949) and Butler (1951). The suggestion of a ra
diation threshold for bee activity also accords with Lo
ken's (1954) observation during an eclipse. 

Neither long-tongued species showed significant rela
tionships with rate of floret opening or air humidity. 
Thus it is suggested that both accessibility and viscosity of 
nectar as determined by the evaporative characteristics of 
the air did not limit long-tongued foragers. In contrast 
the short-tongued B. te!Testds numbers were related to 
floret opening. As they feed by biting through the floret 
base, an effort-reward approach is suggested. Effort-re
ward effects on foraging patterns both amongst species 
and within castes have been noted (Morse, 1978; 
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Hartling and Plowright, 1979). However minimum ef
fort-maximum return systems must consider the food 
source available, type and numbers of competitors and 
specific or combined (self and nest) requirements of the 
individual forager. For this study numbers of florets per 
inflorescence visited during the day were constant, the 
variation between days (4.5- 5.5); therefore, a reasonable 
level of competition between species could be expected. 

Daily duration when 75% or more of the peak forag
ing force for each species was working the stand was 3.8, 
4.7 and 5.3 h for B. ntderatus, B. subten'OIICIIS and B. ter
restris, respectively. Thus when taking into account the 
significantly higher numbers of short-tongued bumble 
bees robbing the crop (Fig. 4), this level of competition 
may not only have had a deleterious effect on the polli
nation potential of the long-tongued bumble bees, but 
also have modified their daily foraging patterns. Al
though B. rnderatus was at its lowest level of contribution 
to the total foraging force between 1100 and 1400 h 
(14.6%); even this constituted nearly 70% of its peak 
(Fig. 4). Further, the propensity for this bee, compared 
with the other species, to attain peak foraging numbers 
later in the day may not only be consistent with having 
the longest tongue length, but also in having a higher 
complement of male foragers. Thus the species daily 
foraging habits presented here may vary within and be
tween seasons according to caste and species composi
tion of the foraging force. Evidence for this feature was 
the variation in competitiveness between B. mderatus and 
honeybee pollen collectors working diploid Hamua red 
clover (Wratt, 1968). Then B. ntderatus was present in 
numbers in the morning only, when lower temperatures 
limited honey bee activity on the crop. 

Thus, in any seed production area optimum pollina
tion is likely to occur only where competitive non-polli
nating insects are absent, and if the long-tongued bumble 
bee species are present in numbers adequate to maxi
mize their efficiency and thereby effectiveness during 
flowering. The information gleaned here on three Bam
bus species forms a basis for future work on efficiency 
both within and between species, so that per-bee polli
nation potential can be maximized. 

This study has indicated that the poor Pawera red 
clover seed yields may, for the most part, be attributed to 
a lack of pollinators even though the environmental in
teractions have indicated that inflorescence populations 
and high summer radiation and temperatures are im
portant for increasing bumble bee numbers. Enhancing 
bee populations in this area through application of recent 
management techniques (Clifford, 1973; Macfarlane et 
al., 1983; Pomeroy, 1981) may still fail to maximize yields 
due to the high competition level from resident B. ter
restris foragers. 
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