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Abstract

My study was designed to answer two main questioas:
1.) Do the bees, through their foraging behavior, 'altei the
rates of salmonberry nectar productivity?
2.) Do +the plants, through their rates of nectar secretion,
alter the foraging behavior of the bees?
Since there are well-documented examples of morphological
coadaptations between plants and their pollinators, it was
reasonable to suppose that physiological/behavioral
éoadaptations exist as well., Thus I hypothesized that the above
questions would be answered in the atffirmative. Though the tuo
questions have been individually studied by several biologists,
I félt it important to examine the possible reciprocal responses
of plants and pollinators as they occur in a natural community
context,

Nectar productivity of salmonberry @ flowvers iRubus

spectabilis, Pursh) was investigated using flowers isolated for
various 1lengths of time from insect visitors. Nectar volumes
were extracted using micropipettes and sugar concentrations were
determined with a hand refractometer. . Volumes and sugar
concentrations were then used to calculate calories/hour;vNectar
standing crop (calories/flower) was similarly derived using
unkagged flowers. Dﬁring the study I monitored temperature,
sunshine levels, relative humidity, date of sampling, time of
sappling, and the androecium diameters of all flovers sampled.
It was found that an increase in experimental extraction

rate brought about a corresponding decrease in productivity.
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This result is opposite to that reported by other authors, yet
it was found that this result was not due to flower damage or to
artificial fertilization of flowers. This flower response to
simulated visitation frequency may be of competitive advantage
to flowers not being used by pollinators preseant in the area.

Productivity and nectar standing crop decreased as the
salmonberry flovering season progressed, and decreased
throughout the conrse of each day as relative humidity fell and
air temperatures increased. This decline in productivity
reflected decreases in volumes of nectar secreted, though sugar
concentrations increased with increaSing sunshine levels,
Younger flowers apparently secreted calories/hour at higher
rates than older flowers, this again reflecting trends in
volumes of nectar secreted.

In each sample of ten flowers, there vere four which
secreted at rates significantly higher than the remaining six.
Further, +the four most productive floweré secreted at more
predictable rates in terms of the environmental variables
monitored during the study.

Throughout the season there was . a dramatic increase of

bumtlebees (Bombius sitkensis, Nylander) observed at patches of

salmonberry flowers. Throughout each day, the bees increased in
density as sunshine levels and temperatures ihcreased and
relative  humidity fell. The bees foraged from the more
productive younger flowers more frequently than older flowers,
and increasingly foraged from older flowers as nectar abundance
in all flowers declined through the day and season. . In addition,

they may also have been avoiding increasing numbers of flowers



they approached, though this conclusion must remain tehtative.,
Bumtlebee behavior was more predictable during the early morning
hours of each day as opposed to hours irn ths afternoon. It is
postulated that this was because bumblebees experience more
uniform energy conditions in the morning.

Based on the.distribution curves bf nectar resources and
bee density, it is postulated that plants compete for
pollinators early in the day and eérly in the season, while bees
compete for nectar later in the day and 1later in the season,
This hypothesis is further supported by obssrvations on the

shifts in bee foraging behaviors.
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I. General Introduction

Many flowering plants and the animals which pollinate thenm
are mutually dependent., Flowering planis of many genera utilize
animals to transport pollen between rlowers, evolving methods to
better attract pollinaters while at the same time 1losing the
capacity to wutilize alternative modes of pollination such as
vater and vwind (Percival, 1965; Faegri and van der Pijl, 1978).
.Fromvthe plant's viewpoint, these animals can thus be considered
a resource vwhich may be present in surplus amounts or may be a
limiting factor in plautbreproduction (Levin and Anderson, 1970;
Lack, 1976). Many pollinator species, on the other hand, have
evclved various characteristics allowing them to be very
efficient at utilizing the food and sometimes shelter that the
plants provide as "rewards" for pollination services {Heiarich
and Raven, 1972), while at the same time losing their ability to
live independent of the plants., The number of flowers available
and the food and perhaps shelter they provide can thus be
considered as resources from an animal's viewpoini, and can
vagain be scarce or present in surplus amounts (Mosquin, 1971;
Pojar, 1974; Heinrich, 1976a). |

This "coevolution™ to the point where mutual dependence 'is
achieved affects wmorphological, physiological and behavioral
characteristics of both components of the plant-pollinator
relationship. Studies of morphological "fit" between plants and
their pollinators are quite common. "Bird flowers" are gemerally

characterized by vividly colored petals, 1long corollas and



elongated sexual parts. Bird pbllinatc:s,‘on the other hand,
shovw a sensitivity for red'and have long bills and tongues. Bird
flowers are alsc odorless, while bird pcilinators have scarcely
any sense of smell (Baker, 1961; Graat, 1966; Carpenter, 1976;
Stiles,1978; Faegri and van der Pijl, 1978). Examples of
morphological coadaptations between bees and bee flowers are
also numerous. Bee flowers are mechanically strohg, often with
floral "lips"™ which provide a surface upon which bees can land
and maintain a foothold. The petals of these flowers are
brightly colored, generally yellcw or blue, and the flowers are
frequently fragrant. Bees are known to have a keen senseb'of
odor, and are physically very strong insects, allowing ihem to
gain entrance into the semi-closed bee flowers (Free and Butler,
19¢9; Baker, 1963; Beattie, 1971; alford, 1975; Faegri and
van der Pijl, 1978).. Similar coadaptations exist for other
grcups of animals (e.g., bats, flies, butterflies, beetles) and
the flowers they typically pollinate (Baker, 1961; Gregory,
19€3; Percival, 1965; Thien, 1974; Howell, 1977; Faegri and
van dér Pijl, 1978).

Many studies stress the 1Mreciprocal patteres ir which
flcwers exploit the behavioral reperfoire of insects, and ‘the
insects exploit the genetic parameters of the expression of
floral form" (Macior,'197u, ps 760). It is of adaptive value for
both the animals and the plants if the pollinators are able to
readily react to possible changes in food abundance, weather
variables and numbers of other plant and animal species present
in the habitat. The interaction bethen_plants and ﬁbehaviorally

plastic™ pcllinators has received much attention in recent



years. Heinrich (1979a) has described the phenomenon he calls
"majoring" and M"minoring" in Lbumblebees, by which the bees
forage on the flower species of greatest aectar abundance and
yet periodically sample flowers of other species, thereby
monitoring resource abundance in all species. Much recent work
has been done cn the directionality of bee movement in relation
to local nectar abundance. Pyke (1978a) and Heinrich (1979b)
have found that bees foraging in a rewarding flower patch tend
to change directions on successive flights between flowers,
while those in a nectar depleted patch tend to fly in only one
direction, more quickly taking them out of the patch presently
being foraged. Pyke (1978a) has also determined that there is a
strong negative relationship between the distance of departing
flight and the presumed rewards the bees had obtained.;i

That honeybees shift foraging behavior in response to
changes in food resources is widely known. Several authors have
studied the "dance language" of honeybee foragers returning to
the hive from the field (von Frisch, 1971; Lindauer, 1971;
Michener, 1974). Through this dance the foragers are thought to
communicate to other wcrkers the distance, direction <frcm the
hive and quality of currently attractive nectar flows.,Honeybees
are kncwn to prefer highly concentrated nectar, and will switch
from a nectar source of low concentration to one of a higher
concentration (Vansell et al., 1942;‘Butlet, 1945). Honeybees
are relatcively flower "constant" in that, during each foraging
trip from the hive, they tend to visit flowers of only one
species. They are believed to be more constant than bushlebses

{tichener, 1974; Grant, 1950), yet, when nectar resource levels



reach low 1levels this high selectivity is greatly reduced
{(Filmer, 1941; Grant, 1949).

The foraging behavior of hummingbirds and sunbirds has also
been studied in some detail. It has been found that, in general,
the time spent foraging by these birds is roughly proportional
to the energy obtained from the flowers beiny foraged (Wolf,
197%). Though Bake:& (1961) and Grant. (1949) report that
hummingbirds display very low flower fidelity, several authors
have found individual _hummingbirﬁs to "mpajor” on particular
flower species (Wolf and Hainsworth, 1971; Feinsinger, 1976;
Stiles, 1978). It 1is accepted, .houever, that the foraging
behavior of @nectarivorous birds is more adaptable and
opportunistic thaan +that of many insect pollinators (Stiles,
1978). Hummingbirds prefer high nectar concentrations to lower
concentrations (Hainsworth and Wolf, 1976), and forage from
inflorescences with many flowers; for example, they avoid

Ipomopsis aggregata inflorescences with less than seven flowers

even though these inflorescences occur with a frequeacy of
approximately 25% (Pyke, 1978b). A study by Gill and Wolf (1975)
showed that larger sunbirds in a community of seven suabird
species preferentially forage from closed mistletoe flovers.  As
the properticn of closed flowers declines through the day the
birds increasingly add previously avoided open flowers to their
diet.
Studies into the "behaviofal plasticity"-of the plants in
the plant-pollinatcr relationship are not common.. Several
authers Lelieve that interspecific competition for pollinators

has resulted in asynchronous blooming of plant species occuring



in the same habitat (Mosguin, 1971; Pojar, 1974; Heithaus, 1974;
Stiles, 1975; Frankie, 1975; Heinrich, 1975, 1976b; kaser,
1978) . Yet shifts in a plant species' blooming time occurs on an
evcluticnary time scale and does hot allew plants to react to
daily or even hourly changes in pollinator abundance and
behavior. Flowers do show daily c}cles of nectar productivity
{(Park, 1929; Vansell et al., 19&2; Butler, 1945; Baker, 1961;
Feinsinger, 1978; Corbet, 1978), but this has not been shown to
be a plant response to pollinators. .

Several authors have observed that as sampling freqhency
increases, the production of nectar increases as well {Raw,
1953; Mel'nichenko, 1963; Kurina, 1974; Feinsinger, 1978). This
result indicates that natural pollirnators, through the use of
floral nectar resources, may themselves increase the rate of
nectar producticn in flcwers, If this is true, it @means that
plants change their rate of production.in response to pollinator
use, and perhaps, therefore, to current pollinator density in
~the habitat;,This would indicate a behavioral plasticity on a
time scale previously unsuspected in plants.

However, much more work needs to be done onlthe exact
nature and extent of this productivity response in the plant
‘kingdom. It is also necessary to study this response as it
occurs in a community context, where the plants 1live with and
respond to daily and seasonal changes in pollinator abundance
and behavior, weather variables, soil moisture content and the
presence of competing plant species, Such studies may allow
increased insight into the evolutionary significance of nectar

productivity.



Salmonberry (Rubus spectabilis, Pursh) flowers secrete

nectar and through this attract pollinators (Fig. 1)e. The
following study investigated possible changes in salmonberry
nectar secretion as a response to shifts in pollinator
visitation frequency. At the same time, shifts in bee foragiﬁg
behavior were investigated as a possible response to variations
in floral nectar resources. The ultimate goal of this study has
been to fit the responses of both components together to allow
increased understanding of the plant-pollinator relationship.
The plant-pollinator system selected for this study Was
éhosen primarily for ease of study. Throughout wmuch of their
flowering season, salmonberry plants prodﬁce large numbers of
flowers. It is possible to sample the flowers for .available
nectar wusing simple micropipette techniques, and the plants can
be found along forest roads, allowing easy access. Though pollen
is alsc produced by the flowers and is utilized by bumblebees
(Alford, 1975), several authors believe that pollen is
“collected coincidentally with nectac" (Inouye, 1977, p.. 253),
that pollen 1is continuously plentiful enough to meet coloany
needs and that nectar is the resource wﬁich may limit bumblebee
colony growth (Heinrich, 1975a). The sane aséumption ﬁas been
made, sometimes implicitly, throughout this study, though
whether it 1is an assumption which has a factual basis deservesv
further study. Bumblebees are desirable study animals since one
can safely assume that colony workers fly for.no other reason
than to forage for food, and they forage relatively unhindered

by the presence of observers (Pyke, 1978a).



Fig. 1: Salmonberry flowers and bumblebee foragers,







II. FLOWER PRODUCTIVITY

a.) Introduction

The purpose of this study was primarily to investigate the
effects of bumblebee fofaging freguencies upon salmonberry
nectar productivity, measured as calories/hour. To be able to
account for the variability in productivity due to samnpling rate
alone, several other variables were simultaneously monitored;
these included flovwer agé, level of iansolation, relative
humidity, time of day and date of sampling. The effect of these
individual variables upon nectar productivity were also
analyzed.

Several authors have noted that as sanpling frequency
increases the production of nectar also increases {(Raw, 1953;
Mel'nichenko, 1963; Kurina, 1974; Feinsinger, 1978)..  This
response 1is considered to be adaptive for the plants since they
need not shunt energy into nectar production when pollinators
are not present, and as pollinator demand increases, cau then
-offef resources invproportion to demand. It is necessary to
offer tke right amount of rewvard to the pollinators to keep then
moving from flower to flower within the same plant speciés in an
effert to collect needed food resources; too much reward and
pollinators simply gorge themselves and cease to travel amongst
the flowers (hence cease to be effectivae pollinators), too
little and they become discouraged with the species wupon which
they are currently foraging and switch to another (Heinrich,
1975a) ., By being able to track pollinator demand plant species

cdn then continuously offer the appropriate amount.,
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A seeningly reasonablé method of determining the amounts of
nectar harvested by foraging insects involves comparing standing
crop levels in flowers open to forager use with levels in
isclated flowers (sece e.g., Heinrich, 1576a). Yet if foragers
are acting to increase the rates of mectar production, this
‘method would consistently underestimate true quantities of
nectar harvested by pollinators more active than the reseacher.

It seemed likely that the findings of other authors should
hold for salmonberry, that as sampling frequency increases the

calcries/hcur offered by the flowers should also increase.

B.) Methods

Study site: The study was conducted at the UBC Research
Forest located near Haney, B.C. The 5157 hectare forest is
dorinated by stands of Douglas fir, western hemlock and western
redcedar. The actual study sites were located along K30, the
road just northk of Marion Lake, and along H20, the Eunice Lake
road (see map, Fig. 2)., ZElevations of theA sites were,
respectively, 330 amerers and 480 meters;.

The two sites were very similar in terms of species
present. The sides of the roads were dominated by long rows of
salmonberry intermixed with stands of thimbleberry (Eubus

parviflorus). other flowering species were present in the area

(¢e.g., violets, dandelions), many of which have been described
as highly attractive to bees in other areas (Mosquin, 1971) «

Yet, in my study areas salmonberry was the species of bee
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Fig., 2:

Map of the University of British Columbia
Reasearch Forest, showing study sites at
Marion and Eunice Lakes % .
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preference, with species such as violets and dandelioans
receiving no observed visits from bumblebees. Only near the eund
of the salmonberry flowering season did attractivé species such
as thimbleberry begin tc flowver.

Bumblebees were by far the most frequent salmonberrcy tlower
visitors at the study sites, these being predominantly Bombus

Sitkensis, Nylander, though '~ occasionally individuals of

B. melanopygous and B., mixtus yere seen. "Flower flies®

(Criorhina luna) were common, but were far less numerous than

B, sitkensis and each fly - visited far fewer flowers than did
each B, sitkensis individual per unit time. 4 few hummiagbirds
were present in the areas, but it was rare to see them foraging

at salmonberry flovers. Present in great abundance were small

rove beetles of the genus Eusghalerug,.which, though they flew
infrequently, did carry pollen on their bodies (Barber, 1976),
and may thus have been effective pollinators.;

The following study took place between Hay 3 and June 28,
1979. Several aathors have used nectar collected from the
honeystomachs of bees to analyse flower nectar concentration
{e.g9., Butler, 1945), yet this method would have been far too
cunbersone fcf the present study. Pipetting nectar from flowers
was used instead, the assumption being made that pipetting
techniques adequately simulated vhe possible effects of.
kunktlebee foraging upon nectar production. Samples of 10 flowers
were used due to the need to collect nectar samples .as quickly
as possible; I found that extracting nectar from 10 flowers and
measurisg its volume and concentration required 40 min to 60 min

to complete. Each flower was arbitrarily chosen except for the
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requirement that it be at least 2 "plants" distant {approx. 3
meters) from other flowers in the same or other sampling yroups.
Salmonberry plants reproduce vegetatively by means of rchizomes
under the soil, thus it is difficult tc tell if an above ground
"plant" is truly separate from a neighboring plant. Barber
(1876, P.60) states that "the ability of salmonberry to
rerroduce vegetatively is responéible for the local pecpetuation
cf colonies™, Yet he also states that, "seedlings are sometimes
found growing on peat, rotten logs and stumps, mineral soil and
alcng roadsides™ (Barber, 1976, p.60). It seeas likely that
salmonberry plants growing along the roadsides of the study
sites originated from many seedlings which germinated following
local disturbance. This, I felt that the above requirement would
helr assure that flowers sampled would be on separate plants.
.Small bags constructed of Nitex netting (mesh opening, 0.2
mm) were used to exclude all animals from flowers under study,

including beetles of the genus Eusphalerum. Nectar was removed

from the flovwers using Drummond "microcaps", disposable nicro-
pirettes. Each flower was drained first with a 25 ul tube
follcwed by a 10 ul tube. Tubes were carefully manipulated to
gather all neciar possible without causing extensive damage to
flcral nectaries. Sanmpling frequenciés Were selected after
observing - frequencies of bunmblebee visits to patches of
salmonberry flowers early in the | Season. -During three
observation sessions, each flower in a patch was visited by a
bee an average of every 0.67 hr, 1.3 hr and 1.2 hr. Samplings
with pipettes vere thus set at 2 nours, 4 hours, 6 hours and 8

houvrs, instead of 12 hours, 24 hours and 36 hours as used by Rawv
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(1953). Due to the need to collect approximately 10 flowers in
each sample, sampling could not be much more frequent, yet I
felt that the selected frequencies reflect biological reality
more closely than dc previous studies.

| For ease of recording and reporting, sampling frequency
data are expressed in terms of the time elapsed between group
samplingse This valus is the denominator of the Erequency
exfression, 1 sample/x hours, thus the time elapsed between
samples is inversely proportional to the sampling frequency..
Also recorded were the volume of nectar obtained from each
flower and the % sugars present in the nectar, measured using a
Fisher Instruments hand refractometer. Depending ~upon the
sampling rates assigned each group, flowers could be sampied up
to 3 or 4 times a day. Fresh groups of flowers were chosen each
ﬁotning due to the possibility of flower damage resultiné from
sanrpling techniques.

Nectar volume and % sugars were converted to calories/hour
as fcllows {Robzrt Montgomerie, personal communication). It was
assumed bhere that . nectar is composed primarily of the
disaccharide sucrose and its components, glucose and fructose,
though cther substances are known to be present in very low
concentrations {Baker and Baker, 1979) . The
mg sucrose/ul solution corresponding to each refractometer -
reading was obtained from Weast (1976). Multiplying this value
by the measured ul of sample, then further multiplying by the
constant 3.7 calories/mg of sucrose (Heinrich and Raven, 1972),
yields the number of calories available from each. flower.

Dividing this by the time elapsed between samplings then yields™
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the calories/hcur for each flower. .

To detarmine flower age, a structural feature of the flower
wvas needed as an accurate indicator. From previous observations,
1 felt that the diameter of the androeciur (anther ring) would
make a suitable indicatcr due to its ease of measurement as well
as the appareant increasing of the diameter with age. On
April 25, 20 unopened flower buds were tagged along
appkoximately 1/2 mile of the rarely used forest road, G10. For
4 days thereafter measurements of each androecium diameter were
made using a spail calipers (Fig. 3). For those cases in which
the anthér ring was acircular, the measurement was nade along
the dipension judged to be the average. The androecium diameter
vas recorded for each flower measured for productivity..

Insolation was continuously monitéred- each day using an
actinograph  manufactured by Weather Measure Corporation of
Sacramento, Calif. Insolation data collected during productivity
studies 1is expressed as average nlevels® ver hour of nectar
production. These figures, when multipied by the instrument
constant (k=0.405), yield the more standard units, cal/cm2/min,
theugh <raw 1levels were wused for the analysis in this study..
Relative humidity was measured 2 or 3 times daily using a
standard sling psychrometer supplied by Taylor 1iInstrument
Corrany of Rochester, N.Y. Time of day was recorded for each
sanmple; data were then transformed into "hours after sunrise", a
more biologically meaningful medsurement. A census of flowers
was taken each week, which consisted of simply walking three 9
meter iransects iaid out upon the road, each ttansec; separated

by 3 meters, and counting all flowers seen along one side of the
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Fig, 3:

Using a calipers to determine the androecium
diameter of a salmonberry flower (petals not
shown).
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road,

C.) Results

A peak in numbers of flowers at the study siie occurred on
May 15 (Fig. 4), with a drastic decline occurring on May 28. The
rise cn June 5 represents a shift in study areas to Eunice Lake.
Flcwer nunbers here slowly declined in 1late June, and
salmonberry flowers could no longer be found in the forest area
at this time, .

Androecium diameter data bwere adjusted to reflect the
actual age of the flowers, not merely the number of days singe
tagging. ¥hen choosing a bud, it is impossible to know its true
age pricr to cpening. Thus, buds included in the sample vere
proktably not all identical ages. For the graph in Fig. S5, a bud,
on the day it first opens, is considered as 1 day old, prior to
that it is considered as 0 days old. Androecium diameter is
highly correlated with flower age (r=.8389, p<.001)..

Table I 1lists basic statistics for the variables, cal/hr,
% sugars and ul nectar/hr, while a frequency histogram for the
variable, cal/hr, 1is shown in Fig. 6. The average  flower
secreted 0,81 ul nectar/hr which was composed of 23% sugar, thus
making available 0.67 cal/hr. These values are someuhat
nisleading since they are based on data collected using several
saepling rates, which may have influenced nectar productivity. A
pooling of data was necessary here since little information is
available for any cone sampling rate used during the study.

A nmodel using a stepwise vregression procedure, adding
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Fig. l‘-

Relationship between date and the mean number
of salmonberry flowers counted per meter in
1979, Bars indicate one % standard deviation

of each sample mean,
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Fig, 5

Regression of androecium diameter and age of

. salmonberry flowerse.
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Table I:

Table II:

Basic statistics for the nectar production of
all salmonberry flowers sampled. '

Basic statistics for the nectar production of
the four most productive salmonberry flowers
sampled at each episode.



Table l

cal/hr

% sugars

ul nectar/hr

cal/hr
% sugars

ul nectar/hr

779

557;

=

786

1=

334

258

33L

2

Min Max Mean Std Dev 95% cI
0 |13.31| 0.67 0.98 0.60
0.74
2.7 1840 | 23.5 | 10.4 | 22.6
2ol
0 |15.00!| o0.81 1.23 0.73
' 0.90
Min  Max Mean Std Dev 95% CL
0 |13.31] 1.08 1,26 0.94
- | 1,22
110.0 | 49.0 | 23.6 9.0 22,5
| o2he7
0o |15,0 1,26 1.57 1.09

1.43



26

Histogramé showing frequency distributions
of productivity values,

a) For all salmonberry flowers sampled,
each X=9 observations,

b) For more productive flowers sampled -at
each episode, each X+=3 observations,
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variables into the nmodel as long as they accounted for
variability remaining from previously introduced variables, was
constructed for productivity (cal/hr) and 1is ©presented in
Table III.. The data used for fhe modei and for all subsequent
analyses (unless otherwise noted) were transfofmed by takimg the
natural logarithm (1ln) of the data. For many analyses performed,
including the multiple regression model, this +transformation
resulted in higher correlation coefficients than did the
original values or alternative transformations. A variable was
included in the model if the "t" statistic associated with it is
significant at p<,05..  Variables selected in the productivity
model include the timé elapsed between samples as well as date,
androecium diameter, number of flowers/meter, relative humidity
and the hours after sunrise at which each_sampling Was done, The
model accounts for 37% of productivity variability, including
each flower in each group of 10 sampled, for all sampling
fregquencies.

To investigate the possibility that these. results wvere
of fset by "defective" flowers, (those which secréted nectar wvell
valcw the nmean due to chéracteristics not determined ia this
study), the daﬁa were reanalyzed uéing only the 4 nmost  highly
productive flowers 1in each sample group. Some basic statistics
and a histogram for these flowers are provided in Table II and
Fig. 6. Mean productivity for these flowers was 1.08 cal/hr. A
test to determine the significance of the difference between the
mean of these "productive" flowers and that of all flowers
- sanrled (Table IV) showé that the two groups Ad4id =sectete

significantly different amounts of nectar, (at a significance
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Table III:

Stepwise regression model built for the variable,
In calories/hour, for all salmonberry flowers,

a) Variables selected for the model,
b) Variables not selected.
¢c) Steps in model construction,

EN



a)

b)

@]
g

ANALYSIS AT STEP 9 FOR 19.V19‘ N= 708 0OUT OF 1182

SOURCE CF
REGRESSION 9
ERRCP €98
TOTAL 707
MULTIPLE R= .61042 R-SQR=
VARIABLE PART I AL
CONSTANT
1.v1 09680
5.V5 -.10378
10, V10 .23586
11.v11 + 20602
14.V14 -.14221
15.V15 -.11968
16.V16 .33573
18.V18 .08302
23.v23 -.211294
REMAINING P ART AL
2.v2 .01580
3,v3 -.03386
4. Vo .02718
17.V17 .C1859
.C6152

24024

su* OF SQ
464903
72.976
125.88

37261

COEFFIC

22,276

.16797

—.14828
«82819
229574

-+.83959

-+23381
41066
23373

-6.0474

SIGNIF

« 6767
+3714
« 4731
6253
+ 1041

REGRESSIUN OF 19.V19 USING FORWARD SELECTIGN

STEP R=SQR

«268L6
«31279
32519
« 33315
«35501
36238
« 36856
«37261

WD~ P WA~

.18816°

STD ERROR

« 38046
36151
. 35028
«34761
« 34584C
«34C33
» 33835
33721
#33637

4 VAR

V@~ WA

date

diameter

rel. humidity
# flowers/meter

In
1n
In
1n
1n

»

RS MEAN SQUARE F-STAT SIGNIF
5.2115 46.06C «0GC00
«11315

SE= ,33637

IENT STO ERROR T=STAT SIGNIF

3.6327 6.132¢ « 0000
-1 ,65374 -2 2.5694 L0124
«53788 -1 . =-2.7567 " L0060
-1 13212 -1 6.2687 <0330
-2 53169 -3 5.5623 0039
» 22120 -3.7956 .0002
e 73412 -1 =~3,1849 «CC1S5
+43612 -1 9.,4163 £0C00
«11023 2.1209 «0343
1.0555 -5.7295 «CC00
hours after sunrise
time elapsed between samples
sunshine
In sunghine .
In # flowers/meter
VARIABLE PARTIAL SIGNIF
14.V14 IN  -,43377 .0099)
l6.V1e Ik «31372 .00090
- 1C.v10 In 0 24CG7 0000 -
15.v15 IN =,12886 «DONG6
23.v23 1IN ~.10852 <0039
11.v11 IH «18105 «0CO0
5.V5 . 1IN =.11393 «0025
l.Vv1 . N .09025 0163
“1s.v18 : IN 208302 - L0343

date

hours after sunrise

time elapsed between sem
diameter

rel, humidity

ples

]9
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Table IV:

Test of the difference between the means of two
flower populations: all flowers sampled and
the four more productive flowers sampled at
each episode, ' 7
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For productivity data, the sample means are proportional

to the variances, Therefore, a square root transformation
has been performed on all data used for the following tests,
as recommended by Ostle and Mensing. (1965),

Part 1. Test of equal variances of the two populations
oi{=03, an assumption of the test in part 2. Using .05
significance level, : :

using §.l Flae0,0n,-1)
Sﬂ
-
a
5= 0.56 22 0.3
Sa: O.SL‘_ 8220029
S?:Q_'_}_J;__: 1.07
530429 |
Fessg-,(339-0 = F (333,339) (oas) ¥ = 8.188 0.88<1,07<1,13
G3z,330)(.935) % ©° >

F
so must accept that GT=G&.



Part 2: Difference between the means of two flower
populatlons.

using (u,- u,)= ( X - X)% ts¢x,-x,

where x,*sample mean of population 1= 0,87
X,= sample mean of population 2= 0,61

S¢x,-%= 8 p/n*ts p/n,
*p= (n,=1)s* + (n. -1)31 (333)(0.31) + (778)(0 29)

(n,-1) * (na-l _ 333 T 778
O 30
58%,-%3= 0.30/33L + 0,30/779 = 0,00128
S(% - a)E 6

~ For 95% cohfidence limits,‘t<7%;””a3=1 962
= (0, 87 0.,61) * (1,962) (0,0)
=0, 26 0,08

or - O.BM and 0,18

“so (u, - uy)

33
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level of .05 ‘fcr determination of the "t" statistic). A
regression model constructed for these more productive flovers
is presented.in Tables V. Hany of the sane variablesbare included
here as in the first model, yet here the model acccunts for 54%
of productivity variability. FHence,' for each sample of 10
flcvwers there was a subset of flowers which produced nectar at
rates significantly higher than the other flouers,'.and vhose
productivity is more predictable using the variables measured in
this study.

A striking seasonal effect can be seen in productivity
data, and if is particularly for this reason that discussion of
a "mean" productivity value is misleading._As.Fig, 7 shows,
calories offered gradually decreased as the suamer progressed; a
seasonal mean does not reflect differences between what was .
offered during different days and weeks. A high correlation
exists between cal/hr of all flowers sampled and date (r=-.4280,
p<.001), and date was the first variable selected as being of
sigrificant explanatory value in the seasonal regression model
(Table III). Cal/hr secreted by the four most productive flowers
of a group is even more highly correlated with date (r=-.566867,
p<.001).

To gauge the effects of the time elapsed between samples
("TIEBS") upon nectar productivity (cal/hr), a scattergram of the
data is provided in Fig. 8. As TEBS incréased, cal/hr 1increased
as well, though a great deal of variability can be observed
(r=. 1012, p<.01 for all flowers, and r=.1362, p<.02 for nmore
productive flowers)., To viev this zelationship independeat of

the strong seasonal effects, Fige. 9 illustrates the residuals of
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Table V: Stepwise regression model built for the variable,
In calories/hour, for the four most productive
salmonberry flowers sampled at each episode.

a) Variables selected for the model.
b) Variables not selected,
c) Steps in model construction. '



a)

b)

c)

ANALYSIS AT STEP & FCR 17.V1I9 N= 300 OUT OF 334

SOURCE

REGRESSICN
ERKOR
TOTAL

DF

6

293
2658

MULTIPLE R= .73895 R-SOR=

VAR IABLE

CONSTANT
l.v1
10.v10
11.v1l
1S.V15
l6.V16
23.v23

REMAINING

2.V2
3.v3
4.Ve
5.V5
l4.V14
17.v17
l18.v1is8
24.V24

PARTIAL

-+35460

24276

22537
~e20522
T 44271
-221205

PARTIAL

02321
- 04691
.C3335
~oCt238
~.05501
«C4710
L5657

REGRESSION OF 19.V19 LSING

STEP R-SNR

«32933
« 43144
«487217
«51528
e 52467
54604

owmdwn —

STD ERRCR

«3782%
«34865
«3316:
«32329
-« 320¢E
«31362

SuUM OF SO
34,732

28.8175
63,607

«54604

COEFFIC

17.425

-.11178-

‘e 15436
«262178
~e37242
« 52049
~541602

SIGNIF

.5706
5570
.4229
.5689
2864
23472
.4211
.3338

SIGNIF

+0000

SIGNIF

« 0002
.0000
.0000
- 0001
.0004
0000
0002

RS MEAN SCULARE F=STAT
5.7887 58.740
+98549 ~1

SE= ,31362.

ITENT STD ERROR T-STAT

4.6668 3.7338
-1 «17220 =2 =6.4915
-1 17610 -1 4.2836
-2 e 663263 -2 3.9567
«10376 -3.5893
«61%86 -1 B.4514
+3853 ~-2,7142
hours after sunrise
time elapsed between samples
~sunshine
diameter
1n date
_1n sunshine
In diameter
In # flowers/meter

FORWARD SELECTICN

# VAR

[o JRC P PO SR

VAR

1.v1

16.V16

1C.VIC
15.V15
11.V11
23.v23

1AELE

PARTI AL

IN -.57387
IN 39020
I .31335

IN -.23374
IN  .13919
IN =-.21205

SIGNIF

- +0000
.0000
.0000
. €000
.0002

date

rel. humidity

# flowers/meter

ln hours after sunrise

In time elapsed between samples
In rel, humidity

9¢



Fig, 7: Scatter plot of date and salmonberry flower
productivity (ln calories/hour),
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Fig. 8:

Effect of the time elapsed between samples on
salmonberry flower productivity (ln calories/hr).
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Fig. 9¢ Effect of the time elapsed between samples on
productivity (1ln calories/hour) in the four
most productive salmonberry flowers sampled
at each episode, independent of seasonal effects,
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the regression cf cal/hr on date plotted z2gainst TEBS for the
more productive flowers. The significant positive correlation
(r=44091, p<.001) clearly shows that as TEB5 iincreased, nectar
productivity also increased. Of course, the fact that TEBS is
included in the multiple regression model demonstrates that
sampling frequency explains a significant amount of productivity
variability independent of all other Qariables included in the
model. .

The seasonal mnodel for all flowers sampled includes
androeciun diameter as being significantly related to nectar
prcduction..lndependent of seasonal effects, smaller diameter
fleowers showed a slight teundency to secrete calories of nectar
at higher rates than did 1largyer diameter flowers (r=-.0750,
p<-05).. It 1is interesting to note that androecium diameter is
not included in the regression model for the more productive
flouer data.

As relative humidity decreased throughcut the season there
vas a significant decrease in productivity (r=.3599, p<.0071),
and the relaticnship is stronger if one considers data for only
the productive flowers (r=.4024, p<.00', Fig. 10). Relative
humidity is included in the regression models for productivity
{Tables III and V), and, of course, significantly correlates
with productivity independently of date (r=.2152, p<.001 for all
flcvwers, and r=.2046, p<e.001 for productive 'flowe:s). The
relationship between sunshine and cal/hr throughout the season
was significantly negative (r=-.2482, p<.001 for productive
flcwers). Yet, independent of seasonal effects, no relatioaship

existed between calories produced and sunshine.
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Fig, 10: Scatter plot of relative humidity and productivity
(1n calories/hr) in the four most productive
flowers sampled at each episode.
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The time at which the samples.were taken, expressed as
hours after suprise (HAS), 1is included in both regression
models. The correlation between HAS and productivity (cal/hr) is
significant {r=-. 1155, p<.05), however, with date effects
remcved the correlation is no longer statistically significant.

Belationships between the variables, cal/ar, ul nectar/hr,
and % sugars are of interest. The sampling date correlateé
inversely wwith wul nectar/hr, and positively with % sugars,
(respectively, r=-.6189, p<. 001, and r=.2197, p<.001 for
productive flowers). Thus, as the season progressed, salmonberry
flowers produced lower volumes of a more highly concentrated
nectar. Seasonally, as TEBS increased the % sugar within the
nectar increased (r=.2495, p<.001 for all flowers and Tr=.4348,
p<.001 for productive flowers). The relationship is stronger
when date - effects are removed, {for all flowers, rT=.3436,
p<.001, Fig. 11). Throughout the season, ul nectar/hr is not
sigrificantly correlated with TEBS, yet when seasonal effects
are removed there 1is a significant positive relationship
{r=.2317, p<.001, Fig. 12, for productive flowvers), indicating
that increases both 1in volume and sugar conceutration vere
responsible fcr the increasing of cal/hr with increased TEBS{_

‘On the other hand, with an increase in flower androeciun
diameter there was an increase in % sugars but a decrease in
ul nectar/hr (for all flowers, respectively, r=.3293, p<.001 and
r=-.2469, p<.001), and the same patterns can be observed
independent of date, (r=.1736, ' p<.001 and r=-.1083, p<.01), .

Here, as well as for cal/hr, data from the more productive
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Fig, ‘11: Effect of the time elapsed between samples on
o sugar secreted by salmonberry flowers,
independent of seasonal effects,
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Fig. 12:

Effect of the time elapsed between samples on
1n ul nectar/hour secreted by the four most
productive flowers sampled at each episode,
independent of seasonal effects,
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flovers sho¥ wcaker correlatidns, particularly for
ul nectar/hour.

Nectar voluuwes decreased as relative humidity decreased
thrcughout the season, (r=.4865, p<.001 for more productive
flovers), yet % sugar increased with sunshine levels (r=.5671,
p<.001) . Without the effects of date the same patterns are
evident (for all flowers, respectively, r=.3637, p<.001 and

r=.5491, p<.001, Figs. 13 and 14).

D.) Discussicn

Though no previous information is available for
‘salmonberry, Szklanowska (1972) found +that raspberries (Rubus

idaeus) produce 27 mg sugaryday, while blackberries {Rubu

n

l

fruticosus) produce 15 @mg sugar/day, or, respectively, 7.68
cal/hr and 4.27 cal/hr, assuming a "day" to consist of 13 hours. .
His measurements were made under optimum conditions for nectat
secretion, which Szklanowska reporfs as being sunny, mnoderately
humid days following cool nights. Whitney (1978) recorded a
raspberry production value of 4 mg sugar/day, or l.l4 cal/hr,
which may represent an average value over an entire season or
sigply a single measurement made under sub-optimal conditions. .
Measurements made in this study place the mean of salmonberry
nectar secreticn at 1.08 cal/hr for the more productive flowers.
This reflects many days in the flowering season of salmonberry,
not all representing cptimum conditions. Hay 18 was the day of
highest production, the average for the most productive flowers

on that day being 3.24 cal/hr, with .95 confidence limits being
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Fig, 13:

Scatter plot of relative humidity and 1ln
ul nectar/hour secreted by salmonberry,
independent of seasonal effects,
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Fig, 1lL:

Effect of sunshine levels on 1n % sugar
secreted by salmonberry flowers, independent
of seasonal effects,
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set at 0-6.71 cal/hr. Apparently, salronberry produces at

aprroximately the same levels as do otner species of R

bus..

The extreme variation in sdlmonberry nectar productivity on
seasonal and daily time scales is striking, aad may have drastic
consequences on insect foragers. Production strongly decreases
as the seascn progresses, shifting from daily averages of 2.07
calshr, 2.45 calshr and  3.24 cal/hc (May 16,17,18), down to
daily averages later in the season of .31 cal/hr, .32 cal/hr and
.08 cals/bhr (June 21,22,27). This decrease in cal/hr <closely
reflects a corresponding decrease in nectar volumes secreted
throughout the salmonberry flowering season. The concentration
of sugars in the nectar increases at the same time, yet the
increase is nct enough to offset the decline in calories offered
resulting from declines in volumes secreted.

Production within single days, (that is, independent of
date), 1is also highly variablé, with a trend for increased
caleoric production early in the day, when relative humidity
levels are highest, that drops off steadily as sunshine levels
~increase. This again reflects trends in volumes of nectar
secreted; as the day passes the plants produce smaller amounts
of nectar while the concentration of the nectar increases. . This
could mean that the nectar is actually secreted at higher
concentrations, or that it is secreted at concentrations similar
to those early in the day and rapidly evaporated to higher
levels., This pattefn has been observed bf sevetal authors
working oﬁ various plant species (Butler, 1945; Percival, 1965;
Feinsinger, 1978; Corbet, 1978), and helps to acccunt for

several of the correlations noted previousiy, for example, that
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production (cal,/hr) correlates positively with relative
huridity. Seasonally, the cool, rainy days typical of sprimg in
the forest give way g-adually to the warm, sunny days of sunmmer.
Thus, relative humidity and sunshine levels are highly
correlated with productivity seasonally.

Corbet (1978) discusses possibie adaptive values of such a
pattern of daily nectar secretion:

Let us instead regard flowers as sophisticated gadgets

for dispensing nectar at the right concentratibn at

- the right time. If there is a degree of concentration

specificity among pollinators, there will be a

selective advantage for flowers whose morphology and

secretory periodicities interact with the 1local

cliﬁate in such a way as to increase the likelihcod

that the nectar Wwill be at an appropriate

concentration at a time of day when a suitable

pollinator is active (Corbet, 1978, p.27)..
Yet why must the flowers secrete large auounts of dilute nectar
early in the morning to allow evaporation to bring it to
"appropriate" concentrations rather than simply secrete nectar
at the proper concentration at tﬁe time the pollinators are
active? It seems 1likely that air and possibly soil moisture
levels are responsible for timing of neétar secretion, secretion
being highest when plants have high levels of surplus mpoisture
available. Huber (1956) has found that for several plant
species, the nectar has the same composition as the phloem sap,
and that for ©plants which have nectaries supplied by a latge

amount of xylem, production 1is reduced by deficient soil
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moisture and is increased with an inérease of moistuce. He has
found, further, that the amount of sugar secreted is sensitive
to changes 1ir tcvanspiration rate. To view secretion apart fron
possible environmeuntal constraints upon the plants seems
unrealistic.

According to Shuel (19595), incréased insolation results in
increased nectar secretion {mg sugac/unit time) in white clover.
Percival (1965, p.97) writes that,

species differ in their response to iasolation. In

Cuba the finest nectar plant, the white 'Campanula?’

(Ipomoea sidaefolia) secretes best during hot days

with ©bright sunshine, but in another Cuban plant, the

Coral Vine ({Antigonon leptopus), stroag insolation

diminishes the flow as the day wears on, and flowv is
continuous on cloudy days.
Pahn (1949) discovered that in one 1location in Palestine,

Teccmaria capensis shows a.clear rise in dry weight of nectar

available with a drop in temperature. In this study I found that
salmcnberry produces mofe total mg sugar in generally cooler
conditions; as 1insclation increases only percentage sugar
increases while volume secreted greatly diminishes.

Shuel (1955) speculated that the increase he observed in
productivity with increased insolation is due to an increase in
photosynthesis. Barber (1976) found that salmonberry does
display an increase in photosynthesis with increased insolation,
yet he did not investigate patterns of nectar productivity in
~his study. It may bé that the increase in  nectar concentration

observed in this study is due not only to high rates of
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evaporation but also to an actual increase in concentration of
the liquid secreted due to higher rates of photosynthesis, along
with increasingly unfavorable moisture .conditions for nectar
secretion.

The plants may secret; more calories during the spring and
early morning hours due to a favorable moisture balance, yet
these times are also cool and therefore active pollinators are
operating at heavy caloric cost. Increased caloric output by the
plants may be necessary to allow the insects active during these
times to forage with even a swmall net emergy gain (Heinrich,
1975a; Reader, 1977)..

The negative correlation between androecium dianeter and
nectar productivity (cal/hr) 1is quite weak yet significant..
Since androecium diameter correlates so stroangly with flower
age, tentative conclusicns can be made concerning floral age and
floral productivity. G.W. Wood has explored this question and
writes:

In some plants, the old flowers seciiete Rmore nectar

than the young' ones, in others, the Treverse

relationship exists; some plants wmay have a high

nectar yield in the old flowers tut have a similar
quantity of sugar to the young flowers. In blueberrty,

both nectar volume and nectar sugar content per clcne

increase through much of the bloom period. Therefore,

if we assume a direct relationship between yield of

nectar or nectar sugar and bee visitation, present

evidence wvould show that the Dblueberry is acre

attractive to nectar gathering 4insects towards the
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latter part of the bloom period (Wood, 1961, p.1039).ﬂ
For salmonberry, the younger flowers seem to be the most
productive, in terms of cal/hr, since they put out the greatest
amounts of highly concentrated nectar. Oolder flowers put out
less nectar but at an apparently higher céncentration, thus
weakening the relationship Lbetween cal/hr and age. This does not
necessarily mean that older flowers actually secrete higher
concentrations cf nectar, but simply tﬁat they secrete small
amounts which may undergo more rapid evaporation due to the
increased surface areasvolume o¢f the smaller dropse.. The
increased androecium diameter of older flowers as opposed to
younger flowers doubtless aids in the more rapid evaporation of
the small améunts .present. Percival (1965) discusses the
increase of % sugar secreted as blossoms of orange trees age,
claiming that "its attraction for insects does not diminish"®
{Pe52)w

It seemed possible that the strong, negative correlation
tetween productivity and date was due to the faét that aé the
season progresses the average age of flowers available increases
{r=.3257, p<.001). Yet, the regression models discussed
previously include both flower diameter and date as significant
variables, and the residuals of the regression of cal/hr on
diameter are signigicantly correlated with date (Fig. 15, r=-
«3861, p<.001). These facts lead to the conclusion that flowers
of all ages produce at lower rates with the passing of summer,'
perhaps due to decreased soil moisture, or perhaps due to the
shunting ¢f energy to fruit production as increasing numbers of

flcwers on each plant are fertilized. Some authors might even
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Fig, 15:

Scatter olot of productivity (1n calories/hr)
and date, independent of androecium diameter
effects. :
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maintain that plants are gradually cutting back production to
guarantee consistent, efficien&, pollinator activity in higher
air temperatures;

The fact that the most productive (flovwers show no
correlation between flower diameter and productivity may be due
to several factors. It may be that a very large sampie size is
necessary for the rather weak relationship to Lecome apparent,
or. it may mean that the productivity of these flowers is
uniformly high, regardlgss of diameier,.

Feinsinger (1978) has discovered the existence of "hbonanza®
flowers on individuals of several tropical plant species. The
present study has shown that rather highly productive flowers
may exist in salmonberry as well; at least, at each sanmpling
some flowers are producing at levels well above lower producing
flcocwers. Many authors have noted thé high heterogeneity which
characterizes nectar gproduction in plants (Heinrich, 1975a;
Peinsinger, 1978), arguing that it enéourages efficient
pollinafion., Once unproductive salmonberry flowers are removed
frcm consideration, relétionships between productivity and date,
sampling frequency, as well as climatic variables are sirovager,
indicating that many flowers are unproductive due to variables
not measured in this study {e.g., flower height, distance fronm
flover to main stem,'microclimatic effects at individual flower
sites, and poésibly properties inherent within each flower in
addition to flower age).

The present study shovs that sampling frequency has a
significant impact upon productivity, vet surprisingiy, tue

effect is Jjust the opposite of previous findings. Here, as
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sanpling frequency decreases nectar volume and nectar sugat
concentraticn increase, thus increasing cals/hr offered. The
increase in % sugar ié not surprising, since flovers sampléd
infrequently have nectar exposed longer to evaporation. Yet even
with evaporation effects the volume/hour increases. This result
is especially intrigquing when one is reminded that Raw’ (1953)
obtained the opposite result with two species of JEupus

(R. idaeus and R. fruticosus). One explanation of the adaptive

value of the flower response found here is in terms of plant
competiticn for pollinators. Given fhe fact that bumblebees have
the ability to select between flovers (discussed in
Chafpter III), it is reasonable tc assume that they discriminafe
on the basis of nectar standing crop. Plants having f£flowers
beiné utilized by very few pollinators might be expected to
increase their nectar production rates in aa effort‘ by each
plarnt to attract the few pollinators in the area, whereas plants
with flowers which are being used at a very high rate would
individually benefit by keeping production rates low. Many
pollinators in the area; competing amongst themselves for floral
nectar, virtually guarantee that every flower will be visited.
This argument could also explain why the model built for nectar
productivity included the variable, number of flowers/meter, as
having explanatory value independent of date. Increased numbers
of flowers in the research area would presumably result in
increased plant competition for the available pollinators. .
Pollination biologists frequently call upon competition to
help explain certain observed traits in both plants and their

pollinators. The bright colors of showy alpine flowers have been
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explained by invoking plaunt competiiion for the few pollimators
which are active 1in alpine conditions (Pojar, 1974), and such
plant competition has been used to explain observations of
asynchronous FEtlcoming periods cof flowering gplants in the same
gecgraphical area (Mosquin, 1971; Heithaus, 1974; Heinrich,
1976b). On the other hand, competition among pollinators for
foraging sites has been used to explain variation ia tongue
lengths of bumblebees (Heinrich, 1976a; Inouye, 1977),ldiffering
sizes of Dbumblebees (Morse, 1978), and temporal differences in
activity between pollinator species (Linsley et-al., 1973). The
results presented here 1indicate that plant competition for
pollinators may be occurring only during certain periods im the
day and during certain days ori veeks of a blooming season..
During cther periods it may be the case that the poilinators are
forced into a competitive situation for floral resources. This
aprarent shift in competition has also been discussed by Mosquin
{1971) . .

An alternative explanation for the observation that cal/hr
decreases with samplingvfrequency involves the finding that, as
fertilization occurs, nectar productivity decreases dramatically
(Shuel, 1978). The present study involved the removal of nectar
frocm flowers up to fcur times a day. Though the glass
micropipettes used éould not have transferred much pollen, the
many entries into the flowers could in some way have simulated
normal pollination, rerhaps even the removal of nectar
signalling the flower that poliination had indeed occurred.
Thus, coapetition betueen flovers may not need to be invoked as

an explapnation for the difference in production between flowers
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sanpled infrequently and those sampled qften. It is sworth noting
that wunder. the competiticn explanation, flowers which are not
being used raise production levels, while under the second it is
flcwers which are being frequently utilized Hhiéh then decrease
productivity. .

I do not believe that the pipetting techniques used here
damaged the flovwerse. Zarly in the season several flowers were
sarpled 3 or 4 times throughout a 2 or 3 day period. Although
the volumes secreted decreased as the day progressed, the next
worning there were present levels of nectar lower than levels
measured the previcus nmorning, yet not low enough to indicate
that damage had occurred to the nectaries. Bather, I believe the
lower levels were dua to advancing floﬁer age, a full day being
a significant time unit in the life of a flower which lasts only
5-7 dayse. .

To further investigate the possibility of fertilization
and/or floral damage confcunding the results, several 6f the
analyses previously discussed were performed on data gathered
frem flowers sampled only once. This means that.flouezs included
in the analyses were all entered twice, once for initial nectar
removal and agaia for fipnal nectar sampling. With the effects of
date removed, the time elapsed between samples is significantly
correlated Qith precductivity (r=.1410, p<.002, n=510). B With the
effects of sunshine, relative humidity and date removed there is
' still a significant, positive correlation (r=.1176, p<.02,
n=450). Thus, the decrease in productivity with increased
sampling ifrequency was not dua to flower damage or to ibncreased

fertilization.
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It should be enphasized that the present study was
conducted in the field, where .productivity is under the
~influence of many factors which vary independently (Percival, .
1965). Many of these were not measured in this study, such as
flover height, plant height, number of flowers per plant, etc.
The variables which were measured nay not have accurately
reflected conditions realized by each flower on each salmonterry
plant. Sunshine levels were measured with an actinograpﬁ placed
on a logging road, yet many plants and flowers experienced very
different sunshine conditions if shaded sometime duringy the day. .
Relative humidity was similarly measured in the middle of a
road, yet the relative humidity value of importance to. the
plants should be that of the air surrounding the plant, and the
"relative humidity value of importahce to values of nectar volume
and céncentration should be that of the air inside each flower..
Even though these sources of error surely increased the
variation in nectar productivity measured du;ing this study, it
is encouraqging that the regression models presented earlier can
account for 54% of production variability. To sunsténtiate the
claim made here, that high sampling frequency has a negative
impact upcn productivity, salmonberry plants should be. raised‘
under ~ otherwise constant laboratory conditions while the
relationship is again explored. The strongest conclusion one can
make here 1is that a negative relationship is definitely

indicated.
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III. FORAGING BEHAVIOR

a.) Introduction

A growing number of studies clearly demonstrate that as
focd resources become scarce, animals cease to forage in a
specialized wmanner and increasingly accept a broader range of
food items available. Wermer and Hall (1974) found that Etluegill
sunfish will feed upon only larger sizes of Daphnia as long as
food abundance rewmains high., With limited abundance the fish
utilize a wider range of prey sizes. Similarly, Krebs
et al.{1977) found that great tits were non-selective at low
prey encounter rates while at higher rates the birds selected
only larger sized rprey. Smith et al.(1978) obtained the
aprarently opposite result, that as food became scarce on the
Galapagos Islands, ‘each species of Darwin's finch selected a
narrover range of food items. However, as the authors admit, the
fact that food ~resources changed qualitatiyely during their
study makes difficult a ccmparison with the studies previously
mentioned.

The purpose of this study was to assess changes in
burblebee foraging behavior accompanying shifts in the floral
nectar rewards cffered, various eanviroanmental factors, and date.
Bee foraging behavior examined in this study included the number
of foragers enccuntered at various flower patches per unit tinme,
the percentage of flowers actually used after being apptoached
by the bees, and the average androecium diameter of flowers used
by the lees,

In cool, rainy conditions bumblebees, being exothermic,
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would ndt be expected to fly frequently; since flight im <cooler
conditions 1is energetically very costly (Heincich, 1975a)..
However, if a cclony were short of stored nectar, bumblebees
shculd  f£fly nore frequently in inclement conditions than if an
abundance were present (Alford, 1975); indeed, bumblebees have_
’ been} observed <foraging i& even near-freezing temperatures
{Heinrich and Raven, 1972). Several éuthors believe that, in the
presencé of an abundance of stored nectar, bumblebee workers do
not f£ly under even the best weather conditioans (Heinrich, 1979a;
Alford, 1975).. I suspected that strong correlations apuld be
found between numbers cf bees foraging and sunshine levels,
temperature and relative humidity. Yet, it was also hypothesized
that, assuming that bumktlebees seek to maximize their net energy
gain ({Pyke, 1978), a strong, positive correlation should exist
between number of bees foraging and nectar standing crope. |
Bumblebees do not utilize all flowers upon which they land,
and they do nct land wupon all flowers they approach. Upon
approach, they may "decide" to forage from a flower or to avoid
it altoqether.,Féegci and van der Pijl (1978) write that bees
have a very Fkeen sense of odor. Kauffeld and Sorensen {1971)
thcught that honeybees initially select‘flowers by colcr, but
that._at closer distances honeybees are guided by aroma. In a
series of experiments, von Frisch (1971) +trained honeylkees to
feed on sugar solution placed inside a small cardboard box. The
box also contained a fragrant flower or a few drops of scented
oil. The bees were then offered an array of clean boxes, ncne of
which contained sugac solution, tut one contained the scent used

for training. The bees would alight and enter only the scented
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box. When offered an array of boxes, one of which was scented
and another brightly cclored, the bees flew towards the colored
box. Yet they hesitated about an inch from the box entrance ‘and
began to fly about the entrances of the other boxes. They
entered only the scented box. It seems reasonhable to assume'
that, through an ability to differentiate aroma intensities,
bumklebees should <ciioose flowers which yield the greateét
amcunts of. nectar standing croé. Yet the bees can afford to be
s0 choosy only when theore is a surplus of nectar availaole in
relation 'to <colony demands. Once nectar becomes a scarce
rescurce bees should utilize virtually all flowers they
approach, since even slight amounts of nectar present would be
sworth harvesting., In general, as resoutces becone limiting bees
should gradually choose to forage from a greater fraction of the
flowers they investigate. This situation is roughly analogous to
that in which predators choose smaller prey items as the total
numter of prey declines, |

Assuming that 2 certain range of flower ages 1is most
prcductive (Wood, 1961), I further. hypothesized that while
nectar was plentiful the ©Lees would be observed to prefer
flcuers of a certain age, and therefore, of a certain androecium
diameter (Chapter II). As nectar reward conditions decline
thrcugh the salwmonberry season bees would utilize a wider range

of flowers.

The study was conducted between May 3 and June 28, 1979..
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Burklebees vere observed at various times of day throughout the
season foraging on patches of salmonberry flowers, each
observation session lasting 10 minutes, as in Free (1955} and
Kauffeld and Sorensen (1971). Other authors have used 15 minute
sessions (Parrish and Bazzaz, 1978), yet I felt that 15  minute
sessions vwould result in high variability due to veather changes
during the session.

The patches observed were located along the margins of old
logging rcads (K30 and H20, UBC Research Forest). Since it was
rare to find clearly distinct patches of flowers, patches often
had to be chosen by simply marking off an easily observable area
of a large number cf flowers. Typically, a fresh 'observation
patch vwas chosen once a week. Each morning, before obsefvations
vere made, each flcwer in a patch received a numbered tag, its
androecium diameter was measured and a record of its general
condition was made. Since bumblebees are very perceptive of new
objects in their environment, simple tags were constructed out
of masking tape in an effort to avoid colored ribbons which may
have been overly attractive to bees. A fev observations made on
untagged patches confirmed the belief that the tags themselves
were not attracting bees into tagged patches.

During 10 minute sessions the number of bees entering a
patch was poted, and for each bee it was recorded which. flowers
Were investigated and which flcwers were actually utilized. A
bee "foraged" if it actually landed upon a flower. Any deviation
in flight towards a flower which was not then 1landed wupon was
defined as “"investigated". The ratio wused in the following

analyses was calculated by dividing the total number of flowers
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used by all the beces esntering the patch during a session by the
total number of flowers investigated. Tﬁe observation of a
simple change in Jdiameters used by. the bees wvould not be
convincing, since tiis could ke due to a change in androeciunm
diameters of flowers present. For this reason, the ratio,
average androecium diameter used/average androecium diameter
present, was investigated. Aé wvas done in productivity studies,
sunshine levels during the days of this study were continuously
monitored, and relative humidity was measured 2-4 times a daye..
Temperature was also recorded oncé an hour while observations.
were being conducted. .

Levels of nectar standing crop available were measured at
various times of day throughout the season.,‘lo flowers uere
included in each standing crop sample, each flouet being drained
of nectar present using first a 25 ul micropipette followed by a
10 ul micropipette. Each volume was analyzed for % sugar with a
hand refractometer. Calories of nectar present could then be
calculated using values of volume and % sugar, as described in

the previcus chapter,

C.) Results

There was a significant positive relationship betweeun
productivity and nectar standing crop over the season  (r=.4481,
p<.001). As the seascn progressed, the standing crop fell
dramatically (Fig. 16, r=-.4477, p<.00%), and seasonally,
standing crop decreased as relative humidity decreased and

decreased with increased sunshine levels (r=.2024, p<.001 and



Fig. 16: Scatter plot of nectar standing crop (calories/flower)
in salmonberry flowers and date,
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r=-. 1525, p<.001'}. TFig. 17 presents the residuals of the
regression cf standing crop on date plotted agaiunst
productivity. Independent of date, as flower nectar productivity
increased there was a corresponding increase in nectar standing
crep {r=.2955, p<.001) ..

A stepwise regression model of.numbers of bee foragers per
10 minutes per flower ("bee density") throughout the season
includes the following variables as being significdnt: date,
sunshine levels and the standing crop of nectar in nearby
flowers (Table VI), the standing crop values representing the
averages of each group of 10 flowers sampled. These variables
together accounted for apprcximately 54% of the variation in bee
density. Date alone accounts for by far the majority of
variation (45%), and a scattergram of bee density vs. date is
provided in Fig. 18 (r=.6585, p<.001)..

"Throughout the season" is defined here as‘including'the
dates May 3 to June 8, Correlaticns made which iaclude dates
after June 8 are not so strong as when th2se dates are excluded,
this being due, I'm convinced, to the blooming at this time of
other plant species with flecwers which' are attractive to the
bees. A close examination of the graph of bee density and dates
through June 28 (Fige. . 19) show a poiﬁt, June 8, after which the
bees decreased in number. This was the date when patches or

blueberry (Yaccinium spp.) and thimbleberry (Rubus parviflorus)

were beginning to blcom in the research area, species highly
attractive to bumblebees,
From Fig. 20 one could c¢cnclude that as sunshine levels

increased through the season, bee density increased as well



Fig. 17:

Scatter plot of nectar standing crop (calories/flower)
and productivity (calories/hour) in nearby salmonberry
flowers, independent of seasonal effects,
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Table VI:

Stepwise reégression model built for the variable
1n number of bees/10 min x flower ("bee den31ty"s

a) Variables selected for the model,
b) Variables not selected.
¢) Steps in model construction.



a)

b)

c)

ANALYSIS AT STEP 4 FOR 53.V53 N= 4

SOURCE

REGRESSION
ERROR
TOTAL

MULTIPLE R= .7

VARIABLE

CONSTANT
l.v1
4.V4
24.V24
31.v31

REMAINING

3.V3
5.V5
6.V6
B.V8
26.V26
27.v217
28.V28
29.V29

REGRESSION OF

“STEP R=-SOR
1 45441
2 .51367
3 ,52995
4 .54367

DF

4
399
403

3734 R-SQR=

PARTIAL

26219
. 18903
-.21944
-.17084

PARTIAL

-.02705
« 08557
‘#0754
.09267
-«02636

«02483°

.08034
«00718

SUM OF SQ

1.51C2
1.2675
2. 7171717

«54367

COEFFIC

«9G6C94
<162 69
11496
-.42333
-.11677

SIGNIF

5896

. 0874
.8805
0641
«6C33
« 6206
.1086
.8862

54 0OUT OF 561

RS MEAN SQUARE
«37754
«31768 -2

SE= .56363 -1

IENT  STD ERROR

.22835
-1 .,29914 -2
-2 .29898 -3
$94223 -1
-1 .31981 -2

temperature
rel, humidity
standing crop

F~STAT

118.84

T-STAT

4.33906
5.4384
3.8452
4.4529
3.4635

hours after sunrise

In hours after sunrise

1n sunshine

In temperature

1n rel, humidity

53,V53 USING FORWARD SELECTION

STD ERRCR
«61399 -1
«58041 -1
«57132 -1
+56363 -1

# VAR

1
2
3
4

VARTABLE

1.Vl
24.V24
4.V4
31.V31

IN
IN
IN
IN

PARTIAL

« 674190

-+32956

«18299
-.17084

SIGNIF

0000

SIGNIF

.00J0
«0G00
«0CJ1
0000
0006

SIGNIF

«0G000
U000
0002
<036

date
sunshine
1n date

1n standing crop

64
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Fig. 18:

Scatter plot of number of
(bee density) and date.

‘bees/10 min x flw
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1n(l.01'#bees/10 min x flower)

0050 T ' X
0.40 § r=,6585 : x
p(.OOl . . ) -
n=561 : X
X X
X X X
0430 + » _ X x
: o . . R ' X X
X
X o i X
X
X
0.20 + - x % XX o
X xx
X X X
X x X
x X
0.10 ¢ ; : X X X
x
X Xx x X
xx X % x x x X x X
X ¥ X X X X X
X X X X x
% ¥ x X X
X X X X . ox X X X X X

May 2 May 10 May 18 May 26 June 3  June 11

Date



82

Fig, 19:

Scatter plot of number of bees/10 min x flw .
(bee density) and date, including data gathered
throughout the entire salmonberry season,
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1n(1.0+ #bees/10 min x flower)
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Fig, 20:

Effect of sunshine levels on number of
bees/10 min x flw (bee density),
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(r=.4493, p<.001Y. There 1is, however, a great deal of
- variability in the data, activity values were often guite low at
even the higher ranges of sunshine levels., Although the level of
sunshine is 1included in the stepwise regression model as
providing significant explanatory value independent c¢f date
effects, 1its contribution 1is not very great. Seasonally, bee
density increased as relative humidity declined (r=-.1174,
p<.01). To view this‘ relationship independently of date, the
correlaticn between the residuals of a regteséion of bee density
on date and relative humidity values uWas examined. The
correlation (r=-.1266) 1is significant with p<.01l. Temperature
correlates positively with bee density throughout the season
(r=,2990, p<.001), but is not correlated significantly once date
effects are removed (r=.0545, ©p>.05). I would conclude fron
these results that as sunshine and temperature levels increased
and relativeﬂhumidity decreased during the course of the season,
there was a strong increase in bee density, yet with the
seasonal effect removed there was only a very veak tendency for
an increase in forager numﬁers with these environmental factors, .

As bee density increased throughout the season nectar
standing crop declined (r=-,5731, §<.001).ANectar standing crop
{average calories/flower rper sample of 10 flowers) is included
in the regressicn model as explaining a significant percentage
of the variation in bL=2e density independently o¢f date
(Table VI). As 1is the case for sunshine 1levels, however, the
percentage it does explain is very 1lcw%, the correlation
coefficient between the residnals 5f regression of bee numbers

on date and standing crop being -.0973 (p<.05). Analysis on data
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gathered only beisore noon shows standing crop to be more highly
correlated with bee nuwmbers, again, independent of date
(PFig. 21, r=-.2185, p<.001),

It 1is interesting to note that flower density had a very
strcng relationship with bee density throﬁghout the season (r=
4497, p<.001), yet when the effect of date was removed there
was not a significant correlation between bee demsity and flower
density (r=-.0053). It is also interesting to notice that on
May 28 there was a large surge in bee density, 3just as there was
a drastic decrease in nectar standing crop available per flower

(Figse. 16 and 18).

The regression model constructed for the. variaole, aumber
of flowers used/number of flowers investigated, ("# used/# inv")
is presented in Tadble VII. Vdriables chbsen as significant
accouﬁt for only 13% of variability in the data, however, many
relationships eiist vhich are of interest. # used/# inv
increased -significantly as the season progressed (r=.19173,
p<.001), yet +this significance is most likely due to the great
nunkter of data points involved (n=316, Fig. 22). With date
effects remcoved, +there is no relatioaship between sunshine
levels and # used/# inv, nor between bee density and the 1latter
variable. Independent of date, there is a significant negative
correlation betuween # used/# inv and temperature (Fig. 23, «r=

“e2327, p<.001), and a rather weak, positive correlatibn with
relative humidity (r=.1279, p<.05). Apparently, there was a
decline in # used/# inv as temperature iucreased and the air
became drier durihg the course ¢f a day. Though # used/# inv

increased with declining standing crop over the season (r=
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Fig, 21:

Scatter plot of nectar standing crop (calories/flower)
and number of bees/10 min x flw (bee density),
independent of seasonal effects, Includes data

gathered before noon,
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Residuals of regressioh of
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Table VII: Stepwise regression model built for the variable,
: 1n number of flowers used/number of flowers
investigated ("# used/# inv").

a) Varisbles selected for the model,
b) Variables not selected.
¢) Steps in model construction,



ANALYSIS‘AT STEP 3 FOR 35.V35 N= 249 OUT OF 561

SOURCE " DF SUM OF SQRS MEAN SQUARE F=-STAT SIUNIF

REGRESSION 3 4.,7181 1.5727 11. 844 3000
ERROR 245 32.524 «13279

TOTAL 248 37.252

MULTIPLE R= ,35589 R-SQR= .12665 SE= ,36440

VARTABLE PARTIAL COEFFICIENT STD ERRUR T-STAT SIGNIF -
CONSTANT ~28.660 14.326 -2.2005 0405

5,V5 -.14673 -.18727 .80657.~-1 =-2.3217 L0211 temperature

28.v28 13497 9.9456 4. 6646 2.1321 «0340 1In temperature

31.v31 -s26471 =-.66069 -1 015377 -1 =4.,2966 0000 1n standing crop
REMAINING PARTIAL SIGNIF .

1.v1 -.03033 +6359 date

3,v3 -.106098 .1141 hours after sunrise . '

4.V4 .01773 +« 7820 sunshine

6.V6 -,03535 = .5811 rel, humidity’

8.V8 -.02197 «7317 standing crop

24.V24 -.C8967 " +1679 1n date

26.V26 ~-. 07260 + 2700 1n hours after sunrise

27.v27 «D5474 +3927 1ln sunshine

29.V29 -.03057 «6333 1n rel, humidity

52.V52 -.09057 »1567 bee density

53,V53 o -.09292  .1462 1n bee density

REGRESSION OF 35.V35 USING FORWARD SELECT ION

STEP R-SQR STD ERROR # VAR VARTIASLE PARTIAL SIGNIF
1 » 05920 37668 1 31.v31 IN =-,24331  .00601
2 » 11045 «36702 . 2 5.V5 IN =-.23340 . .0002
3

12665 36440 3 28.v28 IN e 13497 0340

6
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Pig, 22:

Scatter plot of number of flowers used
number of flowers investigated (# used/
and date,

er
inv)
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Fig, 23:

Scatter plot of temperature and the number of
flowers used/number of flowers investigated
(# used/# inv), independent of seasonal effects.



Residuals of regression of

In(#flws used/#flws investigated +1.,0) on date

95

1020 T
x  x r=-.,2327
r<,001
X x . n=316
X
. X X
X
0.80 b
' X X 3
X X
B X X
X
X X X
X X x
X X x x xx x % x X
x % X x X XX
0.0 g X x X X X x
X
° X o X XX x XXX "
X X X X X X X % :X X XX
xx X x X
X xi( X
X » X X X x
X % x " )S( X b e
x x X xxX
. X X
XX x oy K X Xoxo X 3 y x X x
0,00 4 X X xXx X § % X xX
X % X X X x§ X X X
X X x)( x
X X X X X x xX X X X x X
X
X X . XX x x XX % x X X
X X Xx X X
x X X b X X XX
X x X X % x X
X oy X WX X X » X X X x o ) x
X X
-OQ'LLO X x X% XX)S( X X X X :(O(
X X x X X
X X X Xy x XXX
X X X X
X x XXy x
X
X X
-0,80 - ‘ X L, SR, S 4 3
hs.0 50,0 55.0 60,0 65,0 70.0

Temperature (°F)



96

“e2928, p<.001), there was not a significant relationship between
the two variables independent of seasonal eiffects (r=-.1051,
P>.05) .

Several of these relationships are stronger during the
morning hcurs, yet, without seasonal effects, the same patterns
are evident. Temperature and # used/# inv are still negatively
correlated (r=-.2479, ©p<.05), while +the latter variable is
negatively correlated with bee density (r=-.1670), thdugh the
relaticnship is not significant (p>.05). These correlations seen
to indicate that bee density and # used/# iav were acting in
opposition, though this conclusion must remaln extremely
tentative due to the lack of consistent relationships_ between
the variables just examined. It is interésting to note that the
variable, # flowers used/bee, did increase as the season
progressed and the 1levels of standing crop fell (Fig. 24,
r=.5733, p<.001).

The regression model for average androeciunm diameter
usedsaverage androecium diameter present ("diam used/dian
present") is shown in Table VIII, where sunshine, temperature
and nectar standing crop were chcsen.as significant variables,
together accounting for 39% of variability in all data, and U49%
of variakility in data gathered cnly before noon. For all data,
diar used/diam present increased as the season progressed
(Fig. 25, 1r=.2960, p<.001). Diam used/diam present increased
with increasing bese density‘ (r=.2835, p<.001), and 1increased
with declining standing | crop levels ({r=-.5338, p<.001).
Independent of seasonal effects, there was no relatiouship

between bee density and diam used/diam present (r=.0662, p>.05),
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ige 2li: Scatter plot of number of flowers used/bee and
dateo
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Table VIII: Stepwise regression model built for the variable,
. 1ln average androecium diameter used/average
androecium diameter present,

a) Variables selected for the model.
b) Variables not selected.
c) Steps in model construction.



a)

b)

c)

ANALYSIS AT STEP 4 FOR 5G.V59

SCURCE

REGRESSION
ERRCR
TOTAL

DF

4
221
225

MULTIPLE R= ,62780 K=~SQR=

VAR IABLE

COUNSTANT
4.V4
S5.V5
28.,v28
31.v31

REMAINING

1.v1

3.V3
«6.V6

8.V8
24.V24
26.V26
27.V27
29.V29
52.V52
53.V53
12.v12
35.V25

REGRESSICN OF

STEP R-SOR
1 31453
2 «3€126
3 .38219
4 » 39414

PARTIAL

. 13908
-.19362
17714
-.56418

PARTIAL

-.06954
-.06319
-.10941

.08864
-.06561
-.05790

~.01107
-.10781

.01860 °

.N2581
»03896
07613

N= 226 OUT OF 561

SUM -OF SQRS ' MEAN SQUARE F~STAT

3.5465
5.4516
8.9981

«39414

« 88662 35.942
24668 -1

SE= .15736

COEFFICIENT STD ERRUR: T=STAT

-15.922
26208
-.10544%
5.5582
~.73562

SIGNIF

«3023
« 3487
+1040
.1882
+33G5
.3980
.« 8697
1092
. 7829
<7022
56306
#2587

6.3934 -2.4904
-2 12553 -2 2.3878
.35939 -1 -2.9338
2.,0811 - 2.6756
~1 $ 72417 -2 -10.158

date

hours after sunrise
rel, humidity
standing crop

1n date

1n hours after sunrise
1In sunrise

In rel, humidity
bee density

ln bee density

# used/# inv

1n # used/# inv

57.V50 USING FORWARD SELECTION

STD ERRCR

«16594
+16C54
« 15824
«+1570C6

# VAR

DV

VARIABLE PARTIAL
31.V31 IN =.56083
5.V5 IN =.26111
23.V28 IN »18099
4.V4 IN «13958

SIGNIF

.60CO

SIGNIF

0135
«0380
.G037
G080
0000

SIGNIF

+000U
0GO1
L0066

0380

sunshine
temperature

ln temperature
1n standing crop

00T
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Fig. 25: Scatter plot of average androecium diameters
used/average diameters present and date,
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but the latter wvariable did show an iuncrease with declining
standing crop levels (Fig. 26, r=-.3190, p<.001). Data collected
befcre noon still shew diam used/diam present to be negatively
correlated with standing crop (r=-.2998, p<.01), and a weak,
positive relationship exists between the former variable and ktee
denéity (r=.2222, p<.052). Thus, as bee deusity increased and
nectar standing crop levels decreased, tae bees foraged from
increasingly larger diameter flowers relative tc the size of

ficuwers present,

D.) Discussion

From the .data just presented 1t seems clear that
B. sitkensis do modify foraging behavior to meet changing £food
rescurce conditions throughout each day during the salmonberry
flowering seascn, this behavior being the average androeciunm
diameter of flowecrs used by the bees during a session. The data
further indicate that the ratio of the avazraqge number of flowers
foraged by the bumblebees during an observation session to the.
average number of flowers investigated may alsc be changing as
foccd conditions véry.

When nectar resources are at high levels relatively few
bumtlebees forage per flower, this situation occurring during
the early morning hours of a typical day when productivity is
highest, St#nding crop 1levels are also‘ high early in the
flowering season as oppcsed to later days, while nunber of
foragers is rather low early in the seascn. During each day, as

bee numbers build, the standing crop in each flower decreases,
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Pig, 26:

Scatter plot of nectar standing crop (calories/flower)
and androecium diameter used/androecium diameter
present, independent of seasonal effects,
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presumably due to the removal of the nectar by the insects..
Previous authors have found that bee forager numbers reach a
peak about wmidmoraing, or 10-11:00 (Free, 1955; Alford, 197)5),
and Corbet {1978) Jdescribes +this same negative relationship
between bee' numpers and calories available, Nectar is not
replaced since flower productivity reaches a peak in the edrly
morning and steadily decreases as the day proceeds (Chapter II)..
Similarly, vforager nunbers steadily build as the sumner
proceeds; this, and the fact that productivity peaks in early
surmer and then gradually declines (Chapter I1), keeps standing
Ccrofp levels quite low later in the season. . After May 27, the
_numbers of salmonberry flowers decreased drastically, abruptlj
increasing the numbers of bee foragers per flower. The increased
numkber of foragers seem to have suddenly cut standing crop
levels to a very small fraction of previous lévels.,

Corbet (1978) argqgues that insects may forage for floral
nectar just at the time of day wvhen the increasing vapor
pressure deficit evaporates the 1liquid to the concentration
appropriate for the insect'!s caloric demands. Standing crop1data
gathered during this study show that the wminimum concentration
values for nmost days dc not reach excessively low levels. The
lowest concéntration values recorded during each day early in
the season averaged approximately 18-20%, with daily mean values
being arcund 21-27%. Honeybees in California 1ignore orange
blcssom nectar edarly in the morning, when it contains obnly 16%
sugar. They switch to orange nectar in the atternoon when the
nectar concentrates to 30% sugar thctough evaporatioa (Vamsell,

Watkins and Bishop, 1942). Jamieson and Austin (1956) found that
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honeybees are able to distinguish betweer sucrose soluticns of
40 and 50%. The differences between salmonberry nectar
concentrations in the morning and midzcrning do not seem great
enough to support Corbet's belief. The fact that buasblebee
foragers are not so active in the early morning indicates, I
believe, that factors other than calories available ére
determining insect foraging behavior, the obvious candidates
being weather variables,

The caloric cost of flight is decreased at relatively high
terperatures {(Heinrich, 1975a). Thus I feel that, in this study,
burblebee foragers increase in numbers as the day proceeds due
to increasing air températures, and not due primarily to any
property of the nectar revards alone. According to this
explanation, bees must make foraging decisions based on opposing
demands placed upon them by weather conditions and by flovwer
productivity patterns. W%hile Corbet’s main point that daily
patterns of floral rewards must bhe investigated before
pollinator activity can be adequately understood is certaialy
appreciated, trying to explain bumblebee forager numbers simply
on the basis of floral rewvards may be misleading.

It is reasonable to claim that the decrease in standing
crop through the day is due to increasing numbers of nectar
foragers and decreasihg nectar productivity, yet it is difficult
to know if there 1is any increase in forager numbers due, 1in
turn, to the low levels of standing crop. It is believed that
bumtlebee colcnies send out greater numbers of forégers‘when
foocd resources are scarce as opposed to plentiful times uken

surplus nectar is stcred in the hive (Alford, 1975). Thus this
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effect could have influenced the‘ increase irn forager numbers
cbserved through the day in this study..

As the season advances, productivity in salmonberry flovers
declines (chapter II), standing crop levels also decline, yet
bumtlebee forager numbers continualiy increase. Since bumblebee
colcnies do increase in numbers throughout the early suammer, it
is again difficult to know whether the seasonal_ increase in
forager numbers observed is a response to the decreasing levels
of nectar available, or due to the seasonal buildup _in colony
nunbers, or both. So this question could be explored in more
detail, an attempt was made to entice emerging gqueens to use
buriéd nest boxes. Unfortunately, this attempt met with no
success, It does seem that seasonally, as is the case for each
day, pumblebees dc not forage during the periods when levels of
nectar offered are greatest. This is, again, probably not due to
intrinsic properties of the nectar, but is due to the fact that
queens do not emerge from their winter torpor to found colonies
until climatic conditions reach adequate levels, and, atter
colcny initiaticn, it takes a certaih amount of time to tuild up
colony numbers. Thus, neither daily nor seasonaily are. the bees
able to take advantage of peaks in nectar productivity (cal/hr).

As forager numbers increase and standing crop levels
decrease daily and seasonally, bees approach and utilize flowers
wvith a wider spectrum of androecium diameters, whereas when
nusbers are low they forage from flowers with smaller androeciumn
diapmeters, (or, they use younger flowers). This adds weight to
the <conclusion discussed in the previous chapter that nectlar

productivity is greatest in young flowers aad gradually falls as
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.the flovers age. The data indicate that, as forager numbers
increase, (and nectar levels decrease), the bees may be actually
utilizing a smaller fraction of the flowers that they approach.
This finding is exactly opposite to that previously predicted.

That the actual nuamber of foragers correlates with the
latter behaviors does not, I believe, indicate that increased
bee traffic in the patch directly causes the bees to alter these
belkaviors. Even on tusier afternoons, a maximum of only 9 bees
appeared per 10 =minutes, and 1t was extremely rare for any
dicect interactions to occur between them. It is also highly
unlikely that weather factors directly influence.changes in-:
these behaviors, since correlations betuéen these variables are
often not impressive if they exist at all.

The answer as to what directly causes <changes 1in
# used/# inv and diam used/diam present most likely lies in the
nectar standing crcp available to the foragers. Calories/flower
correlates well with average diam used/average diam present, and
is chesen in regression models for it and for # used/# inv.:
According to +this explanation, as bee density increases, the
nectar standing crop declines 1in preferred flowers, which
consequently influences the bees to diversify the flower ages
they accept. They also, apparentlf, forage from an ever smaller
fraction of the flowers they approach, possibly because'many
more flowers become enpty of floral rewards sufficient to
sustain bee usage,

The predictior made earlier, that the bees should utilize
more of the flowers they apprcach as nectar rewards decline

still makes sense as long as there is enough reward in the
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flowers used to allow bees to make even a small net energy
profite. There presumably does exist a level of nectar at &hich
the bees can no longer afford to férage upon certain flowers,
and it 1is at this point that bees begin to again avoid many
flcwers they approach, as they did when resources were quite
plentiful. Even though standing crop levels were monitored
throughout this study, pipette techniques uefe far too crude to
investigate this nectar level at which the éees began to avoid
unprofitatle flowers. 0Often bees could be observed foraging from
. flcwers I had previously "emptiéd" using pipettes. Thus I
believé this point of unprofitability lay beybnd my measurement:
capability.

The fact that # flcwers ufed/bee.increases as the season
progresses 1indicates that each individual bee is wvworking harder
as standing crop conditions decline. This helps to explain the
observation  that bumhblebees take the time to catefully
investigate new objects in thei; environment during the early
weeks of spring, while paying little atteation to them later in
the summer., |

It is also dinteresting that many of the relationships
previously discussed are more highly correlated when
observations made during only the morning hours are considered.
Since it is likely that the bees have depleted any stored'food
resources during the night (Alford, 1975), each bee would
presumakly be strongly motivated to gather food once the air
temperature allows cost efficient flight. Each bee would forage
in approximately the same manner since each faces similar food

and weather conditions. As the hours pass, however, each bee



accymulates different amounts of food, (levels of nectar
standing crop being gquite heteréqeneous), and so can deviate to
a greater extent €from the foraging behavior of other Lees. By
early afterncon, therefore, differences in foraging.histories of
each bee lead to a grteat deal of variability in foraging
behavior. It may be the case as well cthat, ia the afternoon,
nectar standing crop levels are so low that many bumblebees can
ho longer forage efficiently regardless of the nuamber of flowers
they wutilize., Thus they may rest for several hours or for the
rest of the day; Alternatively, the bees could be shifting their
activities tc ancther part of the forest where the rewvards are
more attractive through the afternoon, bumblebees being often
highly mobile (adrian Belshaw, personal cosmunication). These
explanations would perhaps account for the fact that even though
sunshine levels are high, there are often very few bees cbserved
foraging. |

The findings here correspond nicely with studies by
Heinrich {1979a) and ¥hitham (1977) on bumblebee foraging
behavior as it shifts in relation to food resources. Heinrich
found that, as food resources become scarce through high
tunklebee competition, bumblebees extend their foraging
activities to plant species rarely used when resources are at
higher levels. Whitham found that, as resources become scarce,
the bees actually forage from Chiloprsis in a different manner
thén when times are good, increasingly using "groove nectar® as
well as the preferred "pool nectar". The present study shovs
that as food 1levels decline luzblebees expand the ramnge of

acceptable flower #individuals", increasingly using older



112

flovers which produce less nectar than previously preferred
younger flowers. As shown in the previous bumblebee studies,
kumtlebees increasingly becone "generalists? in their foraging
activities, a result consistent with current ecological theory
{Pyke et al., 1977)..

Unlike other studies, however, no relationship could be
found in this study between numbers of bee foragers and flouer
density. Waddington (1976) found flower density to be an
excellent predictor of halictid.bee density , and Thomson ({1978)
found a similar increase in flowef visitors with an increase 1in
fléuer density. However, these studies were conducted in
meadovs, whereas the present study was conducted on flouérs
which grcw along a‘road. After foraging oné flower, a bee in a
meadow should have a larger arc from which to <choose anothecr
flcwer or patch of flowers than should a bee foraging along a’
road. This is true not only because salmonberry plants along a
road -occur in a nparrow width and the flowers are located
predominantly on the outer edgyes of plants, but also because
bumiblebees tend tc forage at a rather constant height above the
ground. Thus, bees along a toad need to pass through less dense

ar€as to arrive at a flower-rich area..
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IV. CONCLUSIONS

In this study the following results were obtained:

1.) there exists a strong correlation between the
androecium diameter of salmonkterry flowers and flower age. .

2.) there exists high heterogeneity among flowers in nectar
productivity. Four out of tep flowers sampled secreted nectar at
significartly higher rates than the remaining six.

3.) nectar productivity in salmonberry flowers declined as
the flowering season progressed. Productivity was high when
relative humidity was high and decreased as levels of sunshine
increased through the day.and through the season. Produétivity
_ was highest in young flowers and declined with increasing flower
age€. .

4.) a decline in sampling frequency brought about a
correspcnding decline in nectar productivity. As the time
elapsed between samples increased, floral productivity incieased
as well, |

5.) bumktlebee density correlates better with various
Weather va;icus veather and productivity variables early in the
day, as opposed to during the afternéon._ This is présumably
because it vas only in the morning that the-bees experienced
uniform energy conditions, .

6.) with an overall decline in available nectar, the bees
increasingly selected older flowers from which to forage. They
also may have been avoiding increasingly. greater numbers of

flowers they approached. These flowers d4ere presumably empty of
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nectar levels sufficient to maintain‘foraging._

7.) there vwas no relationship between bee density aand
flovwer density.

Though pipettes were used to study the effects of sampling
frequency, it was assumed that pipetting techniques adequately
sinulate the effects of bee foraging on the flowers. If this
assumption is valid, then bumblebees do have the capacity to
alter the rates of nectar productivity while nectar levels in
flcwers simultaneously influence bumblebee foraging behavior.
During the <course of a single day, nectar productivity is
highest during the cool, mornihg hours when bee forageré are
infrequent. Productivity also peaks early in the flowering
seascon, when a bee colony still consists of only one queen and
perhaps a few workers. It may be the case that productivity is
highest at these times due not only to moisture effects tut also
to the lack of foragers at this time, which influences the
flcwers to secrete nectar at higher rates. Though I believe that
moisture factors are of primary importancé, the possible impact
of actual forager use on productivity at these times shculd be
further investigated.

The bees increase in density as air temperature increases,
other authors finding that they reach ﬁaximum levels at 1W00-
1100 hr. That they peak during the midmorning hours, rather than
in the afterncon, suggests that productivity does partially
determine the time at which the bees forage. The opposing
effects  of these factors should be explored in nmore detail,
perhaps using sinulation mecdels of energy flow between flowers

and bees. As the bees 1increase in density, both daily and
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seasonally, they incrcasingly select older flowers and seem to
avoid flowers with insufficient nectar rewards, thus perhéps
stimulating empty flowers to produce at a higher rate. This
conclusion concerning avoidance of certain flowers approached is
based on inccnsistent evidence, and thus should be explored in
nore detail;in a labdratory setting where confounding factors
can ke adequately controlled.

As mentioned in Chapter II, plants may be competing for
pollinators early in the season and early in the mornings. The
increase in productivity with decreased sawmpling frequency nay
be a physiological adaptation to enhance a plént's competitive
ability. Studies should be done to discover if salmonberry
plants are actually engaged in mutual competition at this tinme,
Many flowers should be removed from the study sites and the seed
set examined in the remaining flowvers. Competition Letween
plants would then be indicated 1if the —reproductive output
actually did increase. |

The data indicate that, later in the season, and later ia
the day, the bees are competing fcr nectar resources, since it
is during these times that measured nectar levels are low and
bees accept a wider diversity of flower ayes. Bumblebees at ay
sites rarely interacted directly, possible competition cccurring
instead through exploitation of nectar resources. Future studies
shculd be done involving the —removal of several local bhee
colonies to cbserve the effects on the reproductive output of
the remaining colonies. It should be a simple matter to count
the number of queens and drones produced rer colony nedr the end

of the summer, yet it would be a huge task to even find the nest
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sites at my study areas. .

’Mosquin (1971) is the only study of which I am avare in the
pollination ecology literature which, thirough an examination of
actual plant-pollinator community characteristics, discusses the
possibility that conmpetition may be shifting from the animai
component to the plant conponent as the summer proceeds. Other
studies have implied that, if resources beccme limiting in a
habitat, it is cnly one <component of the relationship which
suffers. In the alpine, it is plants which compete for a few
pollinators (Pojar, 1974), while Heinrich argues that inv the
bogsl of Maine it 1is nectar resources which are sopetinmes
lipiting, possibly 1leading to 1Mresource - partitioning" in
buntlebees {(Heinrich, 1976a).

However,. if it is natural selection which brings about the
high degree cf morphological and tehavioral fit observed Letween
plants and their pollinators, it is far more likely that, in any
given habitat, competition for limited resources should be
occurring amongst L the plants for pollinators, alternating Hith
periods of ccmpetition amongst the pollinators for plants. I
have documented here circumstantial evidence that this 1is
occurring at my study sifes.

The shift in a pollinator scarce community to a nectar
scarce ccnpunity may not be gradual. A very sudden plunge in
nectar standing crop is Qisible in Fig. 19, corresponding to a
drop in number of flduérs per meter in the habitat (Fige 21).
This sudden lcss of flowérs may have resulted in a suddealy very

different world from a bumblebee's point of view.
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