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Summary
To maximize honey production in Western Australia, it is necessary to provide bees with a habitat
containing lots of melliferous plants. The daily secreted nectar volume and amount of sugar of many
plants is currently unknown. The objective of this study is to contribute to the development methods
for estimating the nectar production in a landscape over time. The first aim is to compare the analog
and digital handheld refractometers, the anthrone method and HPLC to establish which method is
most appropriate to determine the nectar sugar concentration. The second aim is to quantify the
nectar volume and the amount of secreted sugar by E. caesia along the day and identify sources of
variation among trees and flowers. It was concluded that the digital refractometer is the best method
to determine the sugar concentration, because it is the cheapest, quickest, and most precise method.
The precision is the highest because the nectar does not have to be mixed or diluted. The anthrone
method and the analog refractometer are the least precise analysis methods, and the anthrone
method is the least accurate. HPLC is the best method if the concentration of different types of sugars
is required. The nectar secretion of E. caesia peaked in age class 2, resulting in the largest volume and
the largest amount of secreted sugar. Temperature and relative humidity affected the nectar volume
and sugar concentration through a change in the evaporation rate. Wet soil has a positive effect on
the nectar volume, and a negative effect on the sugar concentration. The cardinal direction of the
flower has a significant effect on the nectar volume and the sugar concentration through the amount
and intensity of sunlight each tree side receives. When determining the nectar production of a species,
it is advised to look at the total amount of secreted sugar, since this is not affected by the soil condition
and the direction. Height did not have a significant effect on any of the melliferous properties of a
flower. An E. caesia tree produces 0.8 - 73.7 mL of nectar per day, containing 0.1 – 5.9 g of sugar.
Further research is needed to determine these values with more precision and to determine whether
these values apply throughout the whole flowering season.
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Introduction
The honey bee (Apis mellifera) is an important animal species as it provides people with products such
as honey, beeswax, and propolis (Crane, 1999). The honey bee contributes to agriculture as well. It is
the most economically valuable pollinator of agricultural crops worldwide (Behera et al., 2017; Klein
et al., 2007). The habitat surrounding the bee hives is crucial for the health of honey bees as well as
for the quality and quantity of the honey bee products.
To ensure the profitability of beekeeping businesses and to maximise honey production, it is
necessary to provide honey bees with a high quality habitat. The creation of this habitat can be
achieved through increasing the amount of high-yielding melliferous flora (i.e. flora which secrete
large volumes of nectar). A high nectar sugar concentration and a big nectar volume make a flower
more attractive to honeybees (Bitterman, 1976; Cnaani, Thomson, & Papaj, 2006; Hodges & Wolf,
1981; Whitham, 1977). Cnaani (2006) found that bees responded more rapidly to a change in the
nectar sugar concentration than to a change in volume. Determining melliferous properties (nectar
volume, nectar sugar concentration and the total amount of secreted sugar) different species can be
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challenging. One of the challenges is posed by the myriad of different techniques to extract nectar
from flowers, and the different techniques to determine the nectar sugar concentration.
Nectar extraction methods
A commonly used method to extract nectar from flowers is the usage of microcapillaries. Corbet
(2003) studied different techniques to extract the nectar and found that microcapillaries with a
hydrophilic surface (like clean glass, plastic or polyethene) are most efficient in taking up nectar. She
also discovered that the optimal microcapillary size depends on the flower to be investigated.
Microcapillaries are only useful for nectar extraction if the nectar is not too viscous, and when there
is enough volume. If the nectar is too viscous, it will not be pulled up by capillary forces. When the
volume of the nectar is too low, probing with the microcapillary might cause flower tissue damage
(Morrant, Schumann, & Petit, 2009). Other methods for nectar extraction include washing the flower
with water (Hicks et al., 2016), centrifuging flowers or inflorescences (Armstrong & Paton, 1990;
Swanson & Shuel, 1950), and absorbing nectar with filter paper (Morrant et al., 2009).
Nectar sugar concentration analysis
Refractometer
One of the commonly used methods to quantify nectar sugar concentration is using a handheld
refractometer. A refractometer measures the refractive index of the nectar, which is determined by
the sugar concentration (Corbet, 2003). Most refractometers give the concentration in g of solute per
100 g of solution (Corbet, 2003).
There is a wide variety of different refractometers. An important property of a refractometer
is whether it is analog or digital. Analog refractometers tend to give values with a higher variability
because reading the concentration off the screen allows for subjectivity of the person using the device
(Bennett et al., 2011). When using a digital refractometer, a numeric value appears on the screen,
making it easier to read and allowing less room for subjectivity. This difference causes significant
differences between the values obtained with the two refractometer types (Bennett et al., 2011).
Which type of refractometer is most suitable for the experiment depends on the goal, the kind
of nectar and the economic circumstances. Using a handheld refractometer is very common for
measuring nectar sugar concentration because it is quick and cheap. After the purchase of the
refractometer, there are no additional costs to analyse samples. A refractometer can be taken to the
field so nectar samples can be measured directly after collection, this eliminates the need for storage
of samples.
Anthrone analysis
Another method to determine the nectar sugar concentration is the anthrone analysis. During this
procedure, a small volume of nectar is exposed to anthrone reagent. The chemical reaction that
follows produces a green or blue coloured compound which can be detected using spectrophotometry
(Umbreit, Burris, & Stauffer, 1972). The anthrone method can detect very low concentrations of
carbohydrates, which makes the analysis of small nectar volumes (<1 µL) possible (McKenna &
Thomson, 1988). Another advantage of this method is that it is relatively cheap, only the anthrone
reagent and concentrated sulfuric acid have to be purchased in order to perform the analysis. A
disadvantage of the anthrone method is that it requires more time per sample than the refractometer
analysis (McKenna & Thomson, 1988). Another disadvantage is that the anthrone method has
different sensitivities for different types of carbohydrates. The sensitivity for glucose and fructose is
approximately equal, while the sensitivity to sucrose is relatively high (Jermyn, 1975).
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HPLC
A third method used to determine nectar sugar concentration is High Performance Liquid
Chromatography (HPLC). The carbohydrates are extracted from the nectar based on the difference in
retention time between water and carbohydrates. The most important advantage of HPLC is that this
method provides more accurate information than refractometers (Magwaza & Opara, 2015). The
method can be used to determine the amount of total carbohydrates, but it can also provide
information about each specific type of sugar. In studies which look at the ratio between different
sugars in nectar, HPLC can be applied (Grunfeld, Vincent, & Bagnara, 1989; Slimestad & Vågen, 2006).
The HPLC analysis takes approximately 10 minutes per sample, making this technique more timeconsuming than using a refractometer. Another disadvantage of HPLC are the associated costs, which
are higher than the costs for the two previously mentioned methods (Magwaza & Opara, 2015).
The differences between these analysis methods can make it difficult to determine which
technique to use for a specific goal, and for a specific plant species. Which method is most appropriate
depends on the aim of the research, the time which is available and the economic circumstances.
Inter plant variability
Another challenge in determining the melliferous properties of a plant is the variability between
different measurements. One of the factors causing this variability is inter plant variability. When
plants grow in different places, they live in different microclimates which can affect their melliferous
properties. In a study by Brink et al., the differences in nectar volume and sugar concentration are
quantified for different populations of the same species. The results show that the sugar concentration
varies little among populations, but that the volume does differ, making the total mass of sugar
secreted greater in some populations (D. Brink & DeWet, 1980). So far, the differences in nectar
volume and nectar concentration in different plants from the same species are poorly understood.
Some studies on the variation among populations have been conducted (D. Brink & DeWet, 1980; D.
E. Brink, 1980; Lanza, Smith, Sack, & Cash, 1995), but for most plant species little is known about inter
plant variability.
Intra plant variability
Another factor to consider while determining a plant species’ melliferous properties is the intra plant
variability. When a plant is flowering, the flowers can be in different developmental stages. The
amount of nectar and the nectar sugar content differ between flowers of different maturity. This
phenomenon has been shown in E. erythrocorys and other plants (Devlin, Horton, & Stephenson,
1987; Paczkowska, 1995). The amount of sun each flower gets per day may also affect nectar
production. It is important to have an understanding about the inter-flower variability within a plant
to know how many flowers have to be measured in order to correctly estimate the volume of nectar
produced, or the total amount of secreted sugar.
Variability in time
An additional factor which complicates the determination of the nectar volume and the nectar sugar
content is the variation in time. A study on E. erythrocorys in Israel revealed that the nectar secretion
is different for flowers of different ages. It was also found that both the nectar volume and the nectar
sugar concentration varied along the course of the day, and that the total amount of sugar secreted
per day varies as well (Lupo & Eisikowitch, 1990). This can partially be explained by looking at the
ambient temperature and relative humidity. A high temperature and a low relative humidity both have
a positive effect on evaporation (Lupo & Eisikowitch, 1990). Research has shown that a low relative
humidity has a positive effect on the nectar sugar concentration (Lupo & Eisikowitch, 1990). This effect
is mediated by the increased evaporation rate at low relative humidities. Since the relative humidity
changes over the course of each day, this factor contributes to the variability of nectar sugar
concentration over the day. It is plausible that temperature also affects nectar volume and -sugar
content, but research on this topic is lacking.
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These variations in nectar volume and nectar concentration can make it difficult to quantify
nectar sugar secretion in a plant if one only does one measurement. To make establishing the
melliferous properties based on a few measurements more feasible, more detailed knowledge about
the variation in time is required.
Western Australia
Western Australia has a vibrant honey bee industry (Batt & Liu, 2012; Paini & Roberts, 2005), which
mainly focuses on the production of honey bee products such as honey, beeswax, and propolis (Crane,
1999). The decline of suitable honey bee habitat in Australia (Hinson, Duncan, Lim, Arundel, & Oldroyd,
2015) makes it difficult for beekeepers to run a profitable enterprise. In order to improve the honey
bee habitat and maximise honey production in Western Australia, more knowledge about the
melliferous properties of the plants occurring in the area is required. Genera of Western Australian
plants which contain many melliferous flora include Eucalyptus and Banksia (Lupo & Eisikowitch, 1990;
Ramsey, 1989). In this study, the nectar of three plant species is analyzed. The plants were selected
based on their flowering season and their accessibility. The selected plants can serve as a
representation or case study of other plants in Western Australia in the same family or genus.
Banksia menziesii
One of the selected plants is Banksia menziesii. According to MW Ramsey, B. menziesii is a major
source of floral nectar for honeyeaters, such as birds and bees, during the winter months in the areas
of the Swan Coastal plain surrounding Perth (Ramsey, 1989). A lot of beekeepers try to find patches
of land containing this species, so they can place their hives in their vicinity during the winter (Hollister,
Lander, & Thiele, 2019).
Eucalyptus erythrocorys
Eucalyptus erythrocorys is another important species for the honey bee industry because of its nectarand pollen production. This species is a member of the Myrtaceae family. When growing in favourable
conditions, each tree can bear up to 2000 flowers (Lupo & Eisikowitch, 1990; Paczkowska, 1995).
When E. erythrocorys was studied in Israel, scientists observed that each flower goes through
four different age classes when it blooms. During the first age class, the operculum is shed and the
stamens straighten until they are in a perpendicular position and the nectar secretion begins. In the
second class, the stamens straighten entirely until they are almost parallel to the receptacle. The
nectar secretion peaks during class two. When the flower reaches the third age class, the stamens
become crooked and lose some of their color while the nectar secretion diminishes. In the final class,
the stamens fall off when touched gently, and nectar secretion ceases completely (Lupo & Eisikowitch,
1990). A flower generally blooms for 4 days. During these days it secretes a total of 4.2 mL of nectar
containing 470 mg of sugar (Lupo & Eisikowitch, 1990). When looking at the nectar concentration
along the day, it was discovered that it rises gradually during the first three phases of flowering
between 5 am and 5 pm, and then drops. This is due to the changes in humidity of the air surrounding
the flowers.
Eucalyptus caesia
The last species examined in this study is Eucalyptus caesia. The trees of this species are between 1.8
and 14 m high, and carry pink or red flowers which are a great source of nectar (Laheij, 2015; Spooner,
1999). Even though this plant is a popular ornamental species, literature about its melliferous
properties is lacking. Because E. erythrocorys and E. caesia are both members of the Myrtaceae family,
the methods for quantification of melliferous properties in E. caesia are based on the assumption that
E. caesia and E. erythrocorys have similar flowering age classes.
For most of the species in the Eucalyptus genus, the melliferous properties have not been quantified
in Western Australia. This makes it difficult to decide which species are suitable for improving honey
bee habitat.
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Objectives
The objective of this study is to contribute to the development methods for estimating the nectar
production in a landscape over time. The first aim to address this objective is to compare the analog
and digital handheld refractometers, the anthrone method and HPLC to establish which method is
most appropriate to determine the nectar sugar concentration in B. menziesii and E. erythrocorys. The
second aim is to quantify the nectar volume and the amount of secreted sugar by E. caesia along the
day and identify sources of variation among trees and flowers.
For the first aim, it is hypothesised that the digital handheld refractometer is most suitable for
quantifying the total carbohydrate content of nectar in B. menziesii and E. erythrocorys. This
expectation is based on the facts that analysis using a digital refractometer is quick, and that there is
no need for information about the sugar ratios in this experiment.
Regarding the second aim, it is expected that the nectar volume will decrease and the nectar
sugar concentration will increase in the morning (between 7:00 and 12:00), when the temperature is
rising and the relative humidity is decreasing. The nectar sugar concentration is expected to peak at
the hottest and least humid time of the day. Furthermore, it is hypothesised that both nectar volume
and the amount of sugar secreted by E. caesia will peak during the second age class of flowering.
Finally, it is expected that E. caesia produces a similar amount of nectar as E. erythrocorys, which
means it is expected to produce 4.2 mL of nectar containing 470 mg of sugar per flower.

Methods
Experiment 1 - Methods testing
Collecting nectar samples
Five B. menziesii plants and five E. erythrocorys plants were selected based on whether they were
flowering during the study, and their proximity to the university (see appendix A for locations). On
each plant, seven inflorescences (for B. menziesii) or seven flowers (for E. erythrocorys) which were
attracting bees were selected and netted. After 24 hours, the flowers and inflorescences were cut
down and their nectar was collected using Drummond microcapillaries (5 µL microcapillaries for B.
menziesii, 10 µL microcapillaries for E. erythrocorys). Nectar was collected until careful probing yielded
no further nectar uptake. The number of full microcapillaries and the length of the nectar-filled part
in the last microcapillary were recorded for each flower. This information was used to calculate the
nectar volume. The B. menziesii samples were collected 6 days after the E. erythrocorys samples.
The nectar of Eucalypt 1 and 2 was pooled per tree, creating two samples. The nectar from
the flowers of the remaining three Eucalypts was divided over three samples, depending on the nectar
volume in each flower: low volume (15-35 µL nectar per flower), medium volume (45-75 µL per
flower) and high volume (80-120 µL nectar per flower) samples. This was done in an attempt to create
nectar samples with different sugar concentrations. The nectar of each Banksia was pooled, creating
one sample for each Banksia. The volumes of the nectar from each individual flower was too low to
distinguish between high- and low volume flowers.
Three sugar standards of 20%, 35%, and 50% were created by dissolving equal parts sucrose,
glucose and fructose in milli-Q. These three sugar types were used because they make up the majority
of the sugar found in nectar (Lanza et al., 1995).
All nectar samples and sugar standards were stored at a temperature of 4 °C and taken back
the lab for analysis. Each sample and each sugar standard was analyzed using four different methods.
The costs and time consumption of each method were calculated.
Refractometer
The samples and sugar standards were analyzed at room temperature. 10 µL of each sample was
diluted threefold and analyzed using an analog handheld refractometer (Erma Japan, hand sugar
refractometer 0-32%). Each sample was analyzed three times.
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60 µL of each undiluted sample was subsequently analyzed using a digital refractometer (HI96801
Refractometer for Sucrose Measurements). Each sample was analyzed three times, using 20 µL per
analysis.
Anthrone
The nectar samples and sugar standards were diluted by dissolving 1 µL of nectar in 1999 µL milli-Q.
Three separate dilutions were made of each sample. The nectar-milli-Q solutions were further diluted
twentyfold. 4 mL of the resulting solutions, a reagent blank, and a series of sugar standards were put
in screw cap test tubes and put in an ice bath for 30 minutes. The concentrations of the sugar solutions
ranged between 6.3 µg sugar/2mL standard and 100 µg sugar/2mL standard, equal parts fructose and
glucose. These two sugars were used in this ratio because research has shown that the anthrone
analysis is relatively insensitive to the ratio of glucose and fructose (Jermyn, 1975; McKenna &
Thomson, 1988; Percival, 1961).
4 mL of anthrone reagent (0.4 g anthrone in 200 mL 95% sulfuric acid) was added to each test
tube. The tubes were vortexed and put in a boiling water bath for 30 minutes. After the samples had
cooled to room temperature, the absorbance was measured on a spectrophotometer at a wavelength
of 630 nm. The concentration of the samples was calculated using a calibration curve made using the
sugar standards (appendix B).
HPLC
10 µL of nectar was put in an HPLC vial and 990 µL of milli-Q was added. A soluble sugars analysis was
performed as stated in Slimestad and Vågen (2006). The standards were treated the same as the
samples, and they provided full recovery of the sugars. The limit of detection for this method is 4.0
g/L for fructose, glucose and sucrose (Grunfeld et al., 1989).
The HPLC system used (Waters, Milford, Ma, USA) consists of a 600E pump, 717plus
autosampler, 2998 photo-diode array detector and an Alltech (Deerfield, IL, USA) evaporative light
scattering detector (ELSD). Separation of the fractions was achieved using a Prevail ES Carbohydrate
column (250x4.6 mm with 5 µm packing, Alltech). An isocratic elution of 70% acetonitrile in water at
1 mL/minute at 25 °C was used. The samples in the autoinjector were kept at 10 ℃. The ELSD drift
tube was kept at 90 ℃, and eluent nebulization was with high-purity nitrogen gas at a flow rate of 3.5
L/minute. The volume of the sample injection was 10 μL, and Empower™2 software (Waters) was used
to acquisition and process the data. Quantification was based on the ELSD response, with calibration
curves generated from the power relationship of peak area vs. mass of the standard analyte injected
(Grunfeld et al., 1989).
Experiment 2 - Quantifying nectar volume and -sugar content in E. caesia
All data was collected at the end of May and the beginning of July 2019. Four E. caesia trees in Perth
were selected, multiple flowers of each age class were labelled. Their height from the ground and
cardinal direction were recorded. Bridal veil with a mesh size of 1 mm was used to net the flowers 24
hours before the first measurement.
The age class of each flower was registered once per day, as well as the number of buds (all
buds with an intact operculum), flowers (all flowers which still had stamens on them), and nuts of
each tree.
The nectar was collected using 10 µL Drummond microcapillaries until careful probing yielded
no further nectar uptake. The number of full microcapillaries and the length of the nectar-filled part
in the last microcapillary were recorded for each flower so the nectar volume per flower could be
calculated. Because the digital refractometer was established to be the most accurate and precise
analysis method, it was used in the second experiment to quantify the nectar sugar concentration of
each sample. Some nectar volumes were too small to be analyzed. The average nectar sugar
concentration of all the flowers measured at the same time on the same tree was used as an estimate
for the nectar sugar concentration of the small volumes.
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This procedure was repeated every 2 hours, flowers were netted in between measurements in order
to exclude all honey eaters. The ambient temperature was recorded throughout the period of data
collection, and data about the relative humidity were obtained from the website of the Bureau of
Meteorology.
Finally, the information gathered was used to produce two formulas calculating the daily
nectar volume and the daily total sugar in E. caesia.
Statistics
The results of the first experiment were analyzed in JASP 0.9.2.0. The differences between the
concentrations of sucrose, glucose and fructose in each sugar standard and each nectar sample
measured with the HPLC were analyzed using a Kruskal-Wallis test and a subsequent two-sided Dunn’s
post hoc test. A separate test was performed for each sugar standard and for each nectar sample. The
results of the four different analysis methods were analyzed in the same fashion. All standards and
samples were tested with a significance level of α = 0.05.
The measurements of the second experiment were analyzed using R (R Core Team, 2019). The
‘nlme’ package (Pinheiro, Bates, DebRoy, Sarkar, & Team, 2019) was used to create three different
fitted mixed effects models, one for each dependent variable (volume, concentration, and total sugar).
The fixed effects were age class, position, cardinal direction, and height. Random effects for tree and
flower were included. Each full fitted model was tested using an ANOVA, and non-significant terms (α
= 0.05) were removed before final refitting of the model.

Results
Experiment 1 - Methods testing
An overview of the cost and time consumption of each method is given in table 1. Using a
refractometer takes 1 or 2 minutes, depending on the type of refractometer. This is faster than
applying the anthrone method or HPLC. The refractometers can be used in the field, while the other
two methods have to be performed in the lab. The refractometers also have the lowest cost per
sample. After purchasing the device, there are no additional costs for analysing. The digital
refractometer therefore is the most time-efficient and cost-effective method to determine the nectar
sugar content.
Table 1 - Estimated cost and time needed to analyse one nectar sample. When calculating the equipment costs, it was
assumed that a lab space with basic lab equipment (glasswork, fume hood, centrifuge, spectrophotometer, distilled water)
is present and can be used without costs. Cost per sample represents the costs of reagents and non-reusable equipment
needed for analysis. These costs are based on a sample size of 39.

Cost equipment
(AUD)
Cost per sample
(AUD)
Time per sample
(minutes)

Analog
refractometer
26 (Givaldo,
2019)
0

Digital
refractometer
361 (Pulio &
Stals, 2019)
0

HPLC

Anthrone

5547

0

5

2

1

17

0.60 (Klomp, 2019;
Tsojkar, 2019)
9
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Figure 1 - Concentration of sucrose, glucose and fructose in the sugar standards and
nectar samples. Values shown are averages with standard deviations. Names of the
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ES1 Eucalypt 1; ES2 Eucalypt 2; ESH Eucalypt high volume flowers; ESM Eucalypt
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The HPLC analysis revealed that the
concentrations of sucrose, glucose and
fructose are relatively similar to each other
in each sugar standard when compared to
the nectar samples (figure 1). The sucrose
concentration in all Banksia samples is
significantly higher than the concentrations
of glucose and fructose. In the Eucalypt
samples, the sucrose concentration is
significantly lower than the glucose and
fructose concentrations.
The
sugar
concentrations
determined with the four analysis methods
show that the digital refractometer
produces averages with the smallest
standard deviations in all sugar standards
(figure 2), which makes this method the
most precise. The analog refractometer
shows values with the highest standard
deviations, making it the least precise
method. The averages of the digital
refractometer are consistently lower than
the averages of the analog refractometer,
although
this
is
not
significant.
Furthermore,
the
average
values
determined with the digital refractometer
are the closest to the actual concentration
of each standard, suggesting that this
method the most accurate. However, the
measurements of the digital refractometer,
analog refractometer and HPLC were not
significantly different in any standard. The
averages of the analog refractometer and
the anthrone method are both higher than
the actual sugar concentration of each
sample. Therefore these two methods both
have a bias towards higher sugar
concentrations. The averages of the
anthrone method are the least similar to the
actual concentrations of the standards,
which makes this method the least accurate.
Based on these results, the digital
refractometer is the most precise method to
analyze the sugar concentration of sugar
standards. The analog refractometer is the
least precise method, and the anthrone
method is the least accurate method.
When the average measured values
of each method were plotted against the
actual sugar concentrations of the sugar
standards, it was visualized that the digital
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Figure 2 - Nectar sugar concentrations of each sugar standard, determined using four
different methods. Values are presented as averages with standard deviations. Names
of the sugar standards correspond to the sugar concentration in the standard. Capital
letters display the significance of the differences between the different methods, each
standard has been analyzed separately. n= 3 per method.
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refractometer provides the
most
accurate
measurements (figure 3).
The linear model of HPLC
had the highest R2 value,
which means the values
measured with HPLC are the
most suitable to be
described by a linear model.
The
concentrations
measured with the anthrone
method differed most form
the actual values, and the R2
value of the linear model
was the lowest. This further
confirms that the anthrone
method is the least
accurate.
The results of the
different nectar samples
show the same pattern
observed in the sugar
standards.
The
only
difference between the
results from the sugar
standards and the nectar
samples is that the analog
refractometer and the
anthrone
method
are
equally imprecise when
applied to the nectar
samples (figure 4). The
results show that, in
addition to being the most
precise method for sugar
standards,
the
digital
refractometer is also the
most precise method to
measure
the
sugar
concentration in nectar
samples.
Finally,
the
anthrone methods yields
significantly lower sugar
concentrations than HPLC in
3 out of 5 Eucalypt samples.

BS5

Figure 4 - Nectar sugar concentrations of nectar samples, determined using four different methods.
Values are presented as averages with standard deviations. Names of the samples: ES1 - Eucalypt 1;
ES2 - Eucalypt 2; ESH - Eucalypt high volume flowers; ESM - Eucalypt medium volume flowers; ESL Eucalypt low volume flowers; BS1-5 - Banksia sample 1-5. Capital letters display the significance of the
differences between the different methods, each sample has been analyzed separately. n= 3 per
method.
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Experiment 2 - Fieldwork observations
When the fieldwork for the second experiment was conducted, it was recorded that each flower was
in bloom for 7 days. The first three classes of flowering lasted for two days each, while the fourth class
only lasted one day.
It was also noticed that the viscosity of the nectar changed along the day. The viscosity peaked
during measurements at 13:00 and 15:00. A higher degree of viscosity made it harder to extract the
nectar from the flower using the microcapillaries. In some cases, extracting nectar was made entirely
impossible by the viscosity.
Finally, it was observed that flowers could be damaged by probing of the microcapillary. If the
microcapillary was used too coarsely, it damaged the tissue of the receptacle. This sometimes led to
release of fluid from the tissue, which in turn lead to higher volumes.

Date
03-06-2019
04-06-2019

Buds
91
90

Flowers Nuts
615
1572
613
1578

8
Table 4 - Number of nuts, flowers, and buds on
tree 3 on each day of data collection. n=1 per
day

Date
03-04-2019
04-04-2019

Buds
3
3

Flowers Nuts
7
11
7
11

10

12

14

16

Time (hours)
Figure 5 - Temperature and relative humidity. Values shown are averages.
Temperature was measured on site, while the relative humidity data was
acquired through the Bureau of Meteorology (BoM, 2019a, 2019b). n=9

Table 5 - Number of nuts, flowers, and buds on
tree 4 on the day of the data collection. n=1 per day

Date
04-06-2019

Buds
52

Flowers Nuts
88
720
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Relative Humidity (%)

50
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30

40

25
20
15

Temperature
Relative Humidity

0

Table 3 - Number of nuts, flowers, and buds on
tree 2 on each day of data collection. n=1 per
day

10

Nuts
419
419
422
435
438
440
576

5

Flowers
99
98
74
76
81
77
45

0

Buds
157
142
150
139
122
120
93

Temperature (°C)

Date
28-05-2019
29-05-2019
30-05-2019
31-05-2019
05-06-2019
06-06-2019
12-06-2019

30

Table 2 - Number of nuts, flowers, and buds on
tree 1 on each day of data collection. n=1 per
day

60

Experiment 2 - Quantifying nectar volume and -sugar content in E. caesia
The number of nuts, flowers and buds of each E. caesia tree were recorded daily. The registered values
show a lot of variability among trees (table 2-5). In tree 1 and 2, the number of buds and blooming
flowers declined over the recording period, while the number of nuts increased (table 2 and 3). There
were no changes recorded in tree 3 and 4 (table 4, 5), because tree 3 had very little flowers and tree
4 was only recorded on one day.
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The weather on each day of data collection was recorded (appendix C). The average
temperature during the study period peaked at 13:00 (figure 5). The average relative humidity
declined between 7:00 and 15:00, after this it increased until the last measurement of the day. There
was no rain observed during the three months before measurements and on the first 8 days of data
collection. The final day of measurements was performed after four consecutive days of rain, which
made the soil wet. These weather conditions created two different soil conditions: wet and dry.

30
20
0

10

Volume (uL)

40

50

60

Volume
Figure 6 shows the trend in nectar secretion over time of each age class (for volumes per day, see
appendix D). The nectar volume was highest at 7:00, and decreased towards the afternoon in each
age class. The volume increased between 15:00 and 17:00 in age class 1, 2, and 4. The volume of class
2 was significantly higher (p<0.0001) than the volume of the other age classes. Age class 4 had the
lowest nectar volume.

8

10

12

14

16

Time (hours)
Figure 6 - Nectar volume at different times of the day. Values
shown as averages. Class 1 n=2; class 2 n=44; class 3 n=57; class
4 n=23

Figure 7 - Prediction of fitted mixed effects model for volume change
over time. Values are predicted nectar volumes under baseline
conditions (class 1 flowers, located on the east of the tree, when the soil
is dry), n=4.

The results of the fitted mixed effects model for nectar volume are consistent with the
previous findings. The model was fitted based on all terms which significantly affected the volume
(time, age class, soil condition, cardinal direction). The model results show that the volume of secreted
nectar decreases between 7:00 and 13:00, and increases between 13:00 and 17:00 (figure 7). The
nectar volume of the flowers of the tree in wet soil was significantly higher than the nectar volume of
flowers on trees in dry soil (p=0.0001). Finally, the cardinal direction of the flowers had a significant
effect on the nectar volume. Flowers located at the North-Eastern side of the tree secreted less nectar
than on the Eastern side (p=0.0155). This effect was not significant on the flowers on the North side
of the tree. Furthermore, flowers on the western side of the tree secreted more nectar than flowers
on the east side (p=0.0312).
Concentration
The average nectar sugar concentration increased between 7:00 and 11:00 (figure 8, for nectar
concentration per day see appendix E). Between 11:00 and 15:00, the concentration remained
approximately constant. After 15:00, the concentration decreased. The nectar sugar concentration of
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26
24
22
20

Concentration (g/100g)

28

age class 4 was found to be significantly higher than the concentrations of other age classes
(p=0.0077). The nectar sugar concentration of flowers in age class 2 was significantly higher than the
flowers in age class 1 (p=0.0001).

8

10

12

14

16

Time (hours)
Figure 8 - Nectar concentration at different times of the day.
Values shown as averages. Class 1 n=2; class 2 n=44; class 3
n=57; class 4 n=23.

Figure 9 - Prediction of a fitted mixed effects model for the nectar
sugar concentration changes over time. Values are predicted nectar
volumes under baseline conditions (class 1 flowers, located on the east
of the tree, when the soil is dry), n=4.

When looking at the results of the fitted mixed effects model, the observed pattern of nectar
sugar concentration changes was partially confirmed. The model was fitted based on all mixed effects,
and refitted based on the effects which significantly affected the concentration (time, age class, soil
condition, and cardinal direction). The predicted concentration rose and decreased at the same time
as the observed nectar concentration (figure 9). However, the predictions of the model showed a clear
optimum at 13:00, which was not observed when analysing the fieldwork data. The results of the
model show that the sugar concentration was lower when the soil was wet (p=0.0005). Direction also
affected the nectar concentration. Flowers positioned on the south, west, or southwest side of the
tree had significantly lower sugar concentrations than flowers on the east-side (p=0.0139; p<0.0001;
and p=0.0040 respectively). Time was also shown to have a significant effect on the concentration
(p<0.0001).
Total sugar
Figure 10 depicts the average total amount of sugar secreted by flowers of each age class on different
times of the day (daily measurements in appendix F). The total sugar per flower was highest at the
time of the first measurement, and decreased during the afternoon. The total sugar of the flowers in
age classes 1 and 2 increased after 15:00. Flowers in age class 2 had the highest average sugar content
(p=0.0018), while the flowers in class 4 had the lowest amount of sugar (p=0.0426).
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6
4
2
0

Total Sugar (mg/Flower)
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8

10

12

14

16

Time (hours)
Figure 10 - Total nectar sugar at different times of the day.
Values shown as averages. Class 1: n=2; class 2: n=44; class 3
n=57; class 4 n=23.

Figure 11 - Prediction of fitted mixed effects model for total nectar
sugar over time. Values are predicted nectar sugar under baseline
conditions (class 1 flowers, located on the east of the tree, when the soil
is dry), n=4.

The fitted mixed effects model of the total sugar per Table 6 - Nectar volume and sugar secreted in
the nectar in one day for different age classes.
flower showed a similar pattern (figure 11). The model was Values shown as averages with standard
fitted based on all mixed effects, and refitted based on the deviations. Age class 1 n= 22; class 2 n=37;
effects which significantly affected the concentration (time class 3 n=51; class 4 n=22
and age class).
The total sugar reached a minimum around 13:00.
Time was found to have a significant effect on the amount of
secreted sugar (p<0.0001). Soil condition, direction, and
height did not affect the sugar secretion significantly.
Finally, the volume and the total sugar of the nectar
secreted in 24 hours was calculated. For these calculations it
was assumed that all nectar available in the flower was
extracted during each measurement. The flowers from age class 2 secreted an average of 163 µL of
nectar per day, containing a total of 25 mg of sugar, making them the most productive age class (table
6). Age class 4 secreted the smallest volume of nectar, which also contained the least amount of
sugar. It is worth noting that the standard deviations of the averages are relatively high.
Based on the information in table 6, an estimation can be made about the total nectar volume
and the total amount of sugar secreted by one E. caesia flower over its flowering period. Age class 1
through 3 lasted for two days each, while age class 4 lasted for one day. This means that one flower
produced 840 µL of nectar from the time it shed its pericarp until it was done flowering. This nectar
contains a total of 126 mg of sugar.
Finally, two formulas calculating the daily nectar production in E. caesia were derived from
the information gathered in this study:
Volume Tree = (

2 ∗ 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑓𝑙𝑜𝑤𝑒𝑟𝑠
7

𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑓𝑙𝑜𝑤𝑒𝑟𝑠

) * (V1 + V2 + V3) + (

7

) * V4
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2 ∗ 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑓𝑙𝑜𝑤𝑒𝑟𝑠
7

𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑓𝑙𝑜𝑤𝑒𝑟𝑠

) * (S1 + S2 + S3) + (

7

) * S4

In which V1 through V4 are the average volume of the flowers in age class 1 through 4, and S1
through S4 is the average total sugar of age class 1 through 4.
These formulas to calculate that the least productive tree secreted 0.8 mL of nectar which
contained 0.1 g of sugar. The most productive tree secreted 73.7 mL of nectar per day, containing 5.9
g sugar.

Discussion
Experiment 1 - Methods testing
The first aim of the study was to establish which method is most appropriate to determine the nectar
sugar concentration. The hypothesis that the digital refractometer is the best method to quantify the
nectar sugar content can be confirmed, based on the fact that this method has the lowest costs per
sample; is easiest to use; is the quickest; and is the most precise.
Precision
The digital refractometer is the most precise method because it is the only method which does not
require dilution or mixing of the sample. The nectar can be deposited on the prism of the
refractometer immediately after collection. During each step where the nectar is diluted or mixed,
there is room for errors, which makes the other methods less precise. The analog refractometer and
the anthrone method are the least precise analysis methods.
The difference in precision between the two types of refractometers is caused by the dilution
of the samples before the usage of the analog refractometer, and by the fact that the digital
refractometer displays a numerical value, rather than an analogue representation. This eliminates
room for subjectivity and therefore gives more precise readings (Bennett et al., 2011). These findings
are in line with the current literature (Bennett et al., 2011; Givaldo, 2019; Pulio & Stals, 2019).
The nectar samples were diluted before HPLC analysis was possible, which is the reason why
this method is less precise than the digital refractometer. The anthrone method required the most
mixing- and dilution steps, which explains why this method is the most imprecise.
Accuracy
Research from Magwaza and Opera (2015) has shown that HPLC provides more accurate
measurements of sugar concentrations than a digital refractometer. In this study, the averages
measured with the digital refractometer resembled the actual sugar concentrations of the sugar
standards the most. This indicates that this method is the most accurate. However, no significant
differences between the HPLC- and digital refractometer measurements were found so no conclusions
can be drawn about this subject. Based on the results of this study, the findings of Magwaza and Opera
(2015) can neither be confirmed nor denied. When looking at the possible biases of the other
methods, it is assumed that HPLC is the most accurate analysis method. This assumption is based on
the findings of previous studies investigating the accuracy of analysis methods (Hale, Hassell, &
Phillips, 2005; Magwaza & Opara, 2015).
The R2-value of the linear model for HPLC was the highest, suggesting that this method
provides values which can best be described by a linear model. However, the R2-values were based on
only three different sugar concentrations, making them unreliable. More research with a higher
number of different sugar concentrations is required to provide reliable information on this matter.
The anthrone method was found to be the least accurate. One of the reasons for this
inaccuracy is that the nectar needs to be diluted and mixed multiple times before analysis.
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Biases
It was observed in the nectar samples that the values of the analog refractometer were consistently
higher than the values obtained with the digital refractometer, although these values did not differ
significantly. The Kruskal-Wallis test used for the analysis of the samples has a lower power than an
ANOVA. Thus it is possible that the effect is significant but it is not detected by the test used in this
study. Digital and analog refractometers are shown to provide significantly different outcomes when
measuring the sugar content in feline urine (Bennett et al., 2011). More research is needed to establish
if there is also a significant difference when testing nectar samples.
The anthrone method has no bias when measuring sugar standards and Banksia samples, but
it does have a bias towards lower concentrations when measuring Eucalypt samples. The Eucalypt
nectar was collected 6 days before the Banksia nectar, so it was stored for a longer period before
analysis. During this time, a large part of the sucrose split into glucose and fructose, resulting in a low
sucrose concentration and higher concentrations of the other sugar types. These altered
concentrations were visualised by the HPLC results. Since the anthrone method is less sensitive to
glucose and fructose than it is to sucrose (Jermyn, 1975), this resulted in a bias towards low sugar
concentrations in the Eucalypt samples. The Banksia samples and the sugar standards were stored for
a shorter period before analysis, so only a little sucrose split into monosaccharides. This resulted in
higher sucrose concentration in these samples. This explains why there is no bias in the standards and
the Banksia samples. If this method is used to determine the nectar sugar concentration, it is essential
that the samples are stored for the shortest time possible to ensure the method is not biased.
All in all it can be concluded that the digital refractometer is the cheapest, quickest and most
precise method, and that it is therefore the most suitable to determine the nectar sugar concentration
when one wants to quantify the total concentration of sugars. The anthrone method is the least
precise and the least accurate method, so this is viewed as the least appropriate method to determine
the nectar sugar concentration. It is also proven that the anthrone method has a bias towards lower
sugar concentrations when the nectar samples have been stored for 6 days. If the research focusses
on information about the different types of sugars in nectar, then HPLC is required. This method is the
most expensive and the most time consuming, but it is the only method which allows for analysis of
the different types of sugars.
Experiment 2 - Quantifying nectar volume and -sugar content in E. caesia
Nectar volume, concentration and total sugar content
The second aim of this study was to quantify the nectar volume and the amount of secreted sugar by
E. caesia along the day, and to identify sources of variation among trees and flowers. Both the nectar
volume and the relative humidity are lowest at 15:00. This supports the hypothesis that the nectar
volume decreases in the morning, along with the relative humidity. This pattern can be partially
explained by the effect of relative humidity on the evaporation rate of the nectar. When the relative
humidity is low, the evaporation rate increases which causes the nectar volume to decrease. The
temperature on most days is still high at 15:00, which contributes to the high evaporation rate as well.
Plants often equip measures to save water when the temperature is high and the humidity is low.
Secreting smaller volumes of nectar could be one of these mechanisms. Nonetheless, it is not possible
to draw conclusions about secreted nectar volume based on the measurements of nectar volume
alone, since the volume was influenced by the changes in temperature and relative humidity along
the day.
The nectar sugar concentration was highest between 11:00 and 15:00, which coincides with
the hottest and least humid part of the day. These findings confirm the hypothesis that the sugar
concentration peaks at the hottest and least humid time of the day. The high evaporation rate under
these weather conditions explains the increase in concentration. Water evaporates from the nectar,
while the sugars remain, leading to an increased concentration.
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The amount of secreted sugar per flower is at its minimum at 15:00, when the relative
humidity is minimal and the temperature is still high. If the nectar secretion decreases under these
conditions (as mentioned above), this explains the minimum of secreted sugar. Another possible cause
of the decline of total sugar in the afternoon is the closure of the stomata in hot and dry conditions.
The closure of stomata leads to less CO2-availability, which in turn leads to less photosynthesis and
less sugar production. The decreased amount of total sugar could be a consequence of this
mechanism, because when less sugar is produced, less sugar can be secreted in the nectar. More
research is required to shed light on the mechanisms leading to the decrease in total sugar.
The microcapillaries used to extract the nectar from the flowers are less efficient when the
nectar is too viscous or when the nectar volume is too small. In some flowers, not all nectar could be
taken up. The amount of secreted sugar therefore has a bias towards lower values when the volume
is low or when the concentration is very high.
Age classes
The flowers in age class 2 secreted the largest volume of nectar, which contained the largest amount
of sugars. This confirms the hypothesis that the nectar volume and the amount of sugar secreted by
E. caesia flowers peaks during the second age class of flowering.
During the last phase of flowering, nectar secretion ceased. This led to lower average nectar
volumes and lower amounts of secreted sugar. This pattern is also described in the literature about E.
erythrocorys (Lupo & Eisikowitch, 1990). The high sugar concentration in the nectar of this age class
can be explained by the altered surface area to volume ratio. Low nectar volumes lead to a high surface
area to volume ratio, so the evaporation rate is relatively high compared to the flowers which secrete
large volumes of nectar. This increased evaporation leads to higher sugar concentrations. Lupo (1990)
discovered that the nectar volume and total sugar in E. erythrocorys flowers peak in age class 2 as well,
and that nectar secretion ceases in age class 4. The nectar secretion during the 4 age classes in both
species follows the same pattern. It is likely that all flowers of the Myrtaceae family go through these
phases and the corresponding nectar secretion patterns, but research on more species is needed to
confirm this theory.
Soil condition
Furthermore, it was found that flowers secreted larger volumes of nectar when the soil was wet. This
effect can be explained by the large availability of water to the tree. If there is more water available
in the soil, the root pressure increases which leads to an increase of the transpiration stream and
therefore an increase in nectar volume. The total amount of secreted sugar was not affected by the
soil condition, which indicates that the nectar became more dilute. This indication was confirmed by
the nectar sugar concentration, which decreased significantly when the soil was wet. It is therefore
concluded that the soil condition affects the nectar volume and the nectar sugar concentration, but
not the amount of secreted sugar.
Even though the effect was found to be significant, more research is needed to definitively
establish a relationship between soil condition and nectar volume and sugar concentration. Time only
allowed for one day of measurements on a tree located in wet soil, which makes comparisons between
the two soils conditions less reliable. More research is needed before a valid conclusion can be drawn
on this matter.
Cardinal direction
Another factor which affects the nectar volume and the nectar concentration is the position of the
flowers in the tree. The sun rose in the north east, was north at midday, and set at northwest during
the weeks of the study. The flowers at the northeast of the trees were in full sunlight at midday when
the sunlight is most intense. These flowers had lower average nectar volumes. The high intensity of
the sun at midday had a positive effect on the evaporation rate of the water in the nectar, causing a
lower volume.
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On the other hand, the flowers on the south, southwest, and west side of the trees had lower
average sugar concentrations. Because of the trajectory of the sun, less sun rays hit these flowers.
This resulted in less evaporation and therefore a lower sugar concentration. It can be concluded that
the direction of a flower in the tree affects the melliferous properties through the amount and the
intensity of sunlight each side of the tree receives throughout the day.
However, the nectar volume of these flowers was not affected significantly. It is plausible that
the small sample sizes in this study resulted in a type 2 error for the nectar volumes of the flowers on
the south, southwest and west sides of the trees. More research, preferably with bigger sample sizes,
is needed to clarify this matter. The direction of the flowers in the tree did not significantly affect the
total amount of secreted sugar.
Height
The height of the flowers within the tree did not have an effect on any of the measured variables. It
can therefore be concluded that between 0 and 2 meters above the ground, the height of the flower
does not have a significant effect on the secreted nectar volume, the nectar concentration or the total
amount of sugar. Further research may focus on the comparison of flowers from a bigger variety of
heights, to see if this conclusion also applies to flowers higher than 2 meters above the ground.
Quantification of nectar production per tree
Based on the gathered data, it was calculated that each E. caesia flower secretes 840 µL of nectar,
which contains 126 mg of sugar. The flowers of E. erythrocorys secrete 4.2 mL of nectar per flower,
with a total sugar content of 470 mg (Lupo & Eisikowitch, 1990). It can therefore be concluded that E.
caesia flowers produce less nectar than the flowers or E. erythrocorys, and that they also secrete less
sugar. This means that the hypothesis proposed previously is not supported. The lower nectar volume
and the lower amount of total amount of sugar are noteworthy because the E. caesia flowers bloom
for 7 days, while the E. erythrocorys flowers blossom for only 4 days (Paczkowska, 1995).
The difference between the flowers from the two species could be caused by the different
locations of the trees, since this study was conducted in Australia and the study of Lupo and
Eisikowitch (1990) was conducted in Israel. Another factor possibly contributing to the difference is
the study period. The E. erythrocorys was studied during the whole flowering season, while E. caesia
was only studied in the last month of its flowering season. Furthermore, when calculating the total
nectar volume and the total amount of sugar, it was assumed that all nectar in the flower was
extracted during each measurement. However, during the fieldwork it was observed that not all nectar
could be taken up by the microcapillaries. The total nectar volume and the total amount of secreted
sugar per flower are therefore underestimated in the calculations of this study. The calculated values
of nectar volume and total sugar should be viewed as an approximation of the actual secretion. The
actual volume and total sugar are higher than the values calculated in this study. Future research may
focus on determining the total nectar volume and the total amount of sugar while using the washing
technique (Morrant et al., 2009) to extract nectar from the flowers. Finally, the nectar volume and the
total amount of sugar secreted per flower were based on the average nectar volume and total sugar
per age class. These values were shown to have big standard deviations, which demonstrates the
necessity for further research to determine these values with more certainty. When more precise
averages are established, a more precise estimation can be made about the total nectar and amount
of sugar secreted by a flower over its whole flowering period.
It was calculated that each tree produced 0.8 - 73.7 mL of nectar per day, containing 0.1 - 5.9
g of sugar. The big variation in the amount of flowers on each tree caused this wide range of total
nectar volume and total sugar secreted per tree. If one wants to make a reliable estimate of the total
nectar volume and the total amount of secreted sugar per E. caesia tree, additional research is
required. This research should include more trees, more locations, and flowers of more diverse
heights.
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The number of blooming flowers was decreasing in all trees. This shows that E. caesia was
past the peak of its flowering season while the measurements were performed. This likely affected
the nectar production. Future research should therefore also focus on a longer study period,
preferably multiple weeks at the beginning, in the middle, and at the end of the flowering season.
All in all it can be concluded that there is a lot of variation between different flowers in the
nectar volume, the nectar sugar concentration and the total amount of sugar. This variation is caused
by the changes in age class, temperature, relative humidity, soil condition, and cardinal direction.
When one wants to determine the importance of a plant species to honey bees, it is advised that the
total amount of sugar is calculated, rather than looking at nectar volume and concentration alone
because the total amount of sugar is not affected by the soil condition and direction. More research
is needed before an accurate estimation of the total nectar volume and the total sugar secretion per
E. caesia flower and per E. caesia tree can be made.
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Appendices
Appendix A
Sampling sites
The different sampling sites are shown in table A. The locations were chosen based on their vicinity
to the University of Western Australia, and the availability and quality of the plants.
Table A - Sampling sites

Species

Number
of trees

Location

Coordinates

E. erythrocorys

5

Brockway Rd, Mount
Claremont WA 6010

31° 57' 16.236'' S
115° 47' 27.6288'' E

B. menziesii

5

Rowley Rd,
Wandi WA 6164

32° 10' 50.124'' S
115° 51' 11.88'' E

E. caesia

1

UWA taxonomic
garden
35 Stirling Hwy,
Crawley WA 6009

31° 58' 32.556'' S
115° 49' 3.9792'' E

E. caesia

1

Apsley Rd,
Willetton WA 6155

32° 2' 52.944'' S
115° 52' 57.648'' E

E. caesia

2

Karakatta railway
station
Karrakatta, WA 6010

31° 58' 56.712'' S
115° 46' 10.2'' E
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Appendix B

Calibration curve of sugar standards used for anthrone method
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The standard sugar solutions were used to create a calibration curve for the anthrone method (figure
B). The R2 value is higher than 0.99, which means the curve can be used to accurately convert the
measured absorbance into nectar sugar content.

0

20

40

60

80

100

Nectar Sugar Content ( g/2mL)
Figure B - Calibration curve of sugar standards used for anthrone method. Sugar standard consisted of equal parts glucose
and fructose. n=1 per concentration
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Appendix C

Temperature and relative humidity on each day of sample collection
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The temperature and relative humidity were recorded on each day of data collection. The
temperature peaked between 13:00 and 15:00 on each day (figure C). The relative humidity declined
between 7:00 and 15:00. On some days this decline continued until 17:00 (figure C2, C7), while on
other days the humidity increased after 15:00 (figure C1, C4, C5, C6, C9). There was no rain observed
during the three months before measurements and on the days prior to June 6th. On June 6th,
measurements were ceased after 15:00 due to rain (figure C8). On June 7 through June 11th, it rained
every for at least three hours. On the 12th of June the raining ceased and sample collection could be
continued.

Legend
Temperature
Relative Humidity

16

Time (hours)

Figure C - Temperature and relative humidity. Temperature were measured on site, while the relative humidity data was
acquired through the Bureau of Meteorology (BoM, 2019a, 2019b). Data was collected on 28/05 (1), 29/05 (2), 30/05 (3),
31/05 (4), 03/06 (5), 04/06 (6), 05/05 (7), 06/06 (8), 12/06 (9). n=1 per 2 hours
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Appendix D
Nectar volume per flower age class on each day
The nectar volume per flower was recorded during the fieldwork. Figure D shows the average nectar
sugar concentration of each age class on different days of data collection. The nectar volume was
highest at 7:00 in each age class on each day.
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Figure D – Nectar volume per age class along the day. Values shown are averages. Data of collected on different days: tree
1 28/05 (1); tree 1 29/05 (2); tree 1 30/05 (3); tree 1 31/05 (4); tree 2 03/06 (5); tree 3 03/06 (6); tree 2 04/06 (7); tree 3
04/06 (8); tree 1 05/06 (9); tree1 06/06 (10); and tree 1 12/06.
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Appendix E
Nectar sugar concentration per flower age class on each day
The nectar sugar concentration per flower age class was recorded during the fieldwork. Figure E shows
the average nectar sugar concentration of each age class on different days of data collection. The
nectar volumes were too low to determine the sugar concentration for some age classes on some
days.
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Figure E – Nectar sugar concentration per age class along the day. Values shown are averages. Data of collected on
different days: tree 1 28/05 (1); tree 1 29/05 (2); tree 1 30/05 (3); tree 1 31/05 (4); tree 2 03/06 (5); tree 3 03/06 (6); tree 2
04/06 (7); tree 3 04/06 (8); tree 1 05/06 (9); tree1 06/06 (10); and tree 1 12/06.

24 | P a g e

Radboud University

The University of Western Australia
Appendix F
Total sugar per flower age class on each day

The total sugar per flower age class was recorded during the fieldwork. Figure F shows the average
nectar sugar concentration of each age class on different days of data collection. The amount of sugar
was highest at 7:00 on each day in each tree.
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Figure F –Total sugar per age class along the day. Values shown are averages. Data of collected on different days: tree 1
28/05 (1); tree 1 29/05 (2); tree 1 30/05 (3); tree 1 31/05 (4); tree 2 03/06 (5); tree 3 03/06 (6); tree 2 04/06 (7); tree 3
04/06 (8); tree 1 05/06 (9); tree1 06/06 (10); and tree 1 12/06. If concentrations were not available, average concentration
of all flowers measured on that tree at that time was used to estimate the total sugar.
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