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During the winter months in southern Africa the nectar resource that Aloe spp. provide represents an important
food source for both occasional and true nectarivores in a number of ecosystems. In the Eastern Cape Province,
Aloe ferox flowers during the dry winter months and offers large volumes of dilute nectar to a variety of bird
species. The seasonal variation of the avian community associated with a flowering event of 4. ferox was inves-
tigated at Hounslow Farm north of Grahamstown. Point count sampling at six different stations was conducted
over a five month period (April-August 2008) spanning an entire flowering event. Overall, 40 bird species were
recorded, 10 of which were classified as occasional nectarivores, and three specialist nectarivores. Significant
responses in abundance by both these guilds associated with the increase in nectar availability were recorded.
There were no significant changes in species richness during the flowering period which may be attributed to
habitat type and/or global nectarivore species richness patterns in the Afrotropical region. The study highlighted
the importance of A. ferox nectar as an important seasonal food source for a large number of occasional avian

nectarivores and one true nectarivore.

INTRODUCTION

The structure and composition of avian communities dem-
onstrate a high degree of spatial and temporal variability
that is closely associated with food availability (Brown &
Hopkins 1996, Cotton 2006, Franklin & Noske 1999, Gryj
et al. 1990). Those avian species and communities that
make use of ephemeral food sources such as nectar and fruit
demonstrate this variation most distinctly (Fleming 1992,
Garcia & Ortiz-Pulido 2004, Herrera 1998, Loiselle & Blake
1991). The response of avian nectarivores to variation in food
availability has been widely documented and demonstrates
the correlation of increased abundance and species diversity
associated with an increase in resource availability (Brown &
Hopkins 1996, Cotton 2006). For example, frugivorous birds
have been shown to track anthropogenic and natural resource
variation at a range of spatial scales (Garcia & Ortiz-Pulido
2004, Herrera 1998, Loiselle & Blake 1991). Very similar
findings documented by Johnson & Sherry (2001) found
that temporal change in arthropod abundance over a short
(two weeks) and long-term period (one winter season) was
positively correlated with changes in the number of American
Redstarts Setophaga ruticilla in Jamaica. This trend is also
seen in those communities and species that make use of the
transient food source, nectar, where an increase in availability
is highly correlated with an increase in species richness and
abundance (Brown & Hopkins 1996, Cotton 2006, Craig &
Hulley 1994, De Swardt 1991, Franklin & Noske 1999, Skead
1967, Symes et al. 2001, Tree 1990).

South African examples of true nectarivores demonstrating
this correlation include the sunbirds’ (Nectariniidae) response
to temporarily available nectar resources e.g. Protea and Aloe

spp. (Craig & Hulley 1994, Craig & Simon 1991, Skead 1967,
Symes et al. 2001); Gurneys Sugarbird Promerops gurneyi
(Promeropidae) which responds seasonally to nectar avail-
ability (De Swardt 1991, De Swardt & Louw 1994, Symes
et al. 2001); and the Cape sugarbird P. cafer which according
to Fraser & McMahon (1992) also demonstrates elevated
abundances associated with seasonal flowering of Protea spp.
Contrasting results were found by Symes et al. (2008) who
reported the response of the avian community to the nectar
resources provided by Aloe marlothii in the Gauteng Province
(South Africa) to involve a significant increase in abundance
and species richness of occasional nectarivores (bulbuls Pyc-
nonotidae, weavers Ploceidae, white-eyes Zosteropidae and
mousebirds Coliidae) and not true nectarivores.

In addition to the aforementioned examples describing
true nectarivores, there are also widespread cases of occa-
sional nectarivory occurring in a number of avian families
across the continents (Maclean 1990). Species defined as
occasional nectarivores describe those in feeding guilds
other than nectarivore (e.g. frugivore, granivore, insectivore
and omnivore) who make use of temporarily available nectar
resources. For example, the honeycreepers (Coerebidae),
tanagers (Thraupidae) and finches (Fringillidae) in the New
World are all classed as occasional nectarivores (Gryj et al.
1990). According to Franklin (1999), there are 29 species of
insectivores from 15 families found in Australasia that dem-
onstrate occasional nectarivory. Other examples of occasional
nectarivory documented in the literature include some gener-
alist passerines (Raju & Rao 2004), as well as non-passerines
such as parrots (Psittacidae) (Cotton 2001).

During the winter months in southern Africa the nectar
resource that Aloe spp. provide represents an important food
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source for both occasional and true nectarivores in a number
of ecosystems (Craig & Hulley 1994, Oatley & Skead 1972,
Skead 1967, Symes et al. 2001, Symes et al. 2008). There
are more than 73 bird species in 24 families that have been
recorded making use of nectar resources from 14 Aloe spp.
(Oatley & Skead 1972). Aloe ferox (Asphodelaceae, Mill.)
is one of the most widely distributed aloe species and oc-
curs from the Swellendam area in the west, to the dry parts
of the Western and Eastern Cape Provinces, and southern
Kwa-Zulu Natal (Palgrave 2002, Van Wyk & Smith 1996). It
occurs in a wide range of habitats; on mountain slopes, both
rocky and grassland areas and shows notable adaptability to
arange of climates (Hoffman 1988). This species is a robust
single-stemmed plant that usually stands 2 m high but may
reach a maximum height of 5 m (Palgrave 2002, Van Wyk
& Smith 1996). The leaves are broad, dull green and form
a compact rosette whilst the stem is densely covered in old
dry leaves from previous growing seasons. Flowering occurs
from May to August during which plants produce a single
inflorescence that is divided into 5—12 erect vertical racemes
covered in dense orange-scarlet flowers (Palgrave 2002, Van
Wyk & Smith 1996). The racemes are structurally robust
and are able to support birds as large as Grey Go-away-birds
(Corythaixoides concolor) and some columbids (>250 g)
(Oatley & Skead 1972). Each flower produces an average of
180ul of nectar with a concentration of 12.5% w/w (Hoffman
1988).

According to Maclean (1990), nectar production by flow-
ers is an evolutionary adaptation for attracting birds as pol-
linators; which in turn results in a continued food supply for
them as they will guarantee a good seed set. Flowers that are
bird pollinated are termed ornithophilous and usually exhibit
a broad trend of traits including a red or orange colour, no
scent, tubular perianths and abundant dilute nectar (Stiles
1981, Symes & Nicolson 2008). However, recent literature
suggests that morphological, physiological and behavioural
differences between groups of nectar-feeding birds have lead
to small-scale variation among those plant groups making
use of bird pollinators (Symes & Nicolson 2008). Studies
have found a clear divide in bird-pollination systems; the
first involves highly specialised nectarivores and the second,
a variety of occasional nectarivores (Oatley & Skead 1972,
Symes ef al. 2008, Symes & Nicolson 2008). Flowers adapted
for pollination by specialist passerine nectarivores (e.g.
sunbirds) have similar nectar properties to those pollinated
by hummingbirds (Trochilidae) in terms of volume (approx.
10-30pl); concentration (approx. 15-25% w/w) and sucrose
content (approx. 40-60% of total sugar) (Symes & Nicolson
2008). By contrast, flowers adapted for generalist occasional
nectarivore pollination are characterized by large volumes
(approx. 40—-100 pl) of dilute (approx. 8—12%) nectar with
minimal sucrose content (approx. 0—5%).

The inflorescence structure of A. ferox (similar to
A. marlothii) strongly suggests an ornithophilous pollination
syndrome in that they have sturdy axes for perching, bright
orange to red flowers, long floral tubes, absence of odour
and nectar guides, and a long distance between pollen and
nectar (Hoffman 1988, Maclean 1990, Stiles 1981, Symes &
Nicolson 2008). However, Skead (1967) and Baker (1983)
state that pollination may be carried out by more than one
pollinator guild. Hoffman’s (1988) investigation into the pol-
lination ecology of A. ferox found that both insects and birds
may be important pollinators and one should not assume a
strictly bird-pollinated syndrome based on flower morphology
and nectar properties for the species.

The first objective of this study was to investigate the

seasonal variation in the avian community associated with an
A. ferox flowering event. We predicted that bird abundance,
species richness and diversity would increase with an increase
in A. ferox nectar availability. The second objective of the
study was to determine the role of the avian nectarivores in
the pollination of 4. ferox. We also predicted that the occa-
sional nectarivores would have a more significant role to play
in their pollination when compared with the true nectarivores.

METHODS
Study site

The study was conducted on Hounslow Farm (33°11'36.8"S,
26°25'11.9"E) approximately 22 km north-west of Graham-
stown, Eastern Cape Province. The sample site encompassed
an area of approximately 17.5 ha covering a dense aloe stand
(approximately 85 aloes/ha) on a north-facing slope in the
Nama-Karoo biome (Mucina & Rutherford 2006). Within this
biome, the vegetation type is more specifically described as
Albany broken veld which is distributed north of the Zuur-
berg Mountains and into the area around the confluence of
the Great and Little Fish Rivers. It extends eastwards to the
Carlisle Bridge area and south into the upper Bushmans river
valley (Mucina & Rutherford 2006). The landscape is made
up of low mountain ridges and hills covered in open, grassy
karroid vegetation with scattered low trees (e.g. Pappea cap-
ensis, Euclea undulata). The groundcover is comprised of a
matrix of dwarf shrubs (e.g. Becium burchellianum, Chryso-
coma ciliata) and grasses (e.g. Eragrostis obtusa) (Mucina
& Rutherford 2006). The geology of the area is comprised
mainly of shales and some sandstones within the Cape and
Karoo Supergroups (Mucina & Rutherford 2006). The area
experiences bimodal rainfall with the main peak in March
and the secondary peak in November; however, some rain
does fall during the winter months. Mucina & Rutherford
(2006) describe A. ferox as an important plant taxon within
this vegetation type.

Abundance, diversity and community composition

The data were collected over a five month period (April—
August 2008) which spanned the autumn non-flowering pe-
riod (April), the winter flowering period (May—July) and one
month after the peak flowering period (August). The point-
transect method was employed in this study to sample the
avian community (Buckland 2006, Naidoo 2004, Taylor 2007,
Toms et al. 2006, Willson et al. 1973, Willson & Moriarty
1976). According to Bibby et al. (1992) and Taylor (2007),
this method is capable of detecting more species and is more
time efficient and was thus selected over other methods. Six
survey stations were randomly placed within the aloe stand
with the requirement constraint being they had to be more
than 150m apart to ensure the observations were independent
(Naidoo 2004, Toms ef al. 2006). Sampling was carried out
twice per month as close to the 10th and 24th of each month
depending on the weather conditions. No surveys were under-
taken on days when it was windy or raining as these condi-
tions are known to reduce bird activity and/or their detection
(Brotons et al. 2005, Butler et al. 2005, Parker 2008). Each
point count sample occurred over a 10 minute period involv-
ing an initial two minute wait for any disturbance caused by
the observer to dissipate. This allowed bird activity to return
to normal (Buckland 2006, Toms et al. 2006). This was fol-
lowed by an eight minute period of sampling. Point counts
were carried out three times at each survey station on each
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sample day by the same observer (RF); once during each of
the following time periods: 06h00—09h00, 11h00-14h00,
15h00-18h00. The observer began the point counts at the
same station during each time period each sample day and
alternated the start station once a month.

All bird species (seen and heard) excluding raptors, water
birds (e.g. ducks, geese and storks) and aerial foragers (e.g.
swifts and swallows) within a 30 m radius during the §-minute
period were recorded (Naidoo 2004, Parker 2008, Taylor
2007). Raptors and aerial foragers were excluded as they
are often silent and are usually only observed whilst in flight
(Naidoo 2004, Parker 2008, Taylor 2007). This makes them
difficult to detect and does not allow for an accurate distance
to be recorded during point transects (Naidoo 2004, Taylor
2007). Water birds have specific habitat requirements which
are not necessarily dictated by the surrounding vegetation
(Parker 2008) and were consequently excluded to ensure
abundance estimates were not exaggerated (Bibby et al. 1992,
Taylor 2007). Re-sightings during each point count were not
included (Symes et al. 2008). The Cape Weaver (Ploceus
capensis, L.), Village Weaver (Ploceus cucculatus, Miiller)
and Southern Masked Weaver (Ploceus velatus, Vieillot)
were treated as one morpho-species due to difficulties in
identifying birds in non-breeding plumage (Parker 2008,
Taylor 2007).

Data collected included survey station number, time
period, species, number of individuals, and distance (m) from
point-to-bird. Any feeding behaviour pertaining to the aloes
during the flowering season was also recorded (i.e. probing
flowers; feeding on buds, open flowers or seed pods) (Symes
et al. 2008). Those bird species observed feeding on A. ferox
nectar were classified into two guilds; specialist (e.g. sun-
birds) or occasional nectarivores (e.g. starlings and weavers).
Specialist nectarivores were defined as those species that
fed primarily on nectar and had the necessary morphologi-
cal adaptations (bill shape) for obtaining it (Maclean 1990,
Oatley 1964). Occasional nectarivores were defined as those
species observed feeding on nectar during the point count
surveys which didn’t have any specialist adaptations for
obtaining the food source (i.e. were not specialist nectarivores
but were observed feeding on nectar) (Maclean 1990). All
bird species were categorised as seasonal migrants or not.
The distance from point-to-bird was measured to a point verti-
cally below the bird (using a Nikon Laser 800S rangefinder)
and not the bird itself to ensure more accurate measurements
(Buckland 2006, Parker 2008). Birds detected audibly were
placed in 10m distance intervals from the observer (Parker
2008, Taylor 2007). The family, common and scientific names
of all bird species recorded during the course of this study
during point counts and on the study site are provided in
Appendix I (Taxonomy follows Hockey et al. 2005).

Role in pollination

The marking and subsequent monitoring of individual birds
is importantto understand survivorship, movement and other
aspects of ecology such as their role in plant-pollination
(Pollock & Paxton 2006, White & Burnham 1999). Mist nets
have long been a successful tool for capturing certain pas-
serines and are the only effective method for many species
(Bibby et al. 1992, Bub 1978, Pollock & Paxton 2006). To
better evaluate the pollinating roles of various bird species,
the presence of A. ferox pollen on those birds feeding on the
aloe flowers was used as an indicator of the role that species
may play in the pollination of the plant (Hargreaves et al.
2004). To determine the presence of 4. ferox pollen on birds

feeding on the aloe flowers (Borgella ef al. 2001, Hargreaves
et al. 2004, Johnson & Brown 2004, Noske 1993, Symes et
al. 2008), they were trapped using mist nets (Bibby et al.
1992, Pollock & Paxton 2006, Symes et al. 2008, Willson
& Moriarty 1976). Two sets of four individual mist nets
(12 x 2.4 m, 4 shelf, 16 mm mesh) were erected (0.4-2.8 m)
on aluminium poles (3 m) at two separate localities within
the study site forming two continuous nets of 48 m. Nets
were erected between 07h30 and 08h00 for a consistent 8
hour period on each sample day resulting in a total of 80
net-hours over the five-month sampling period. Each bird
caught was ringed and inspected for pollen deposited on the
bill and feathers of the facial region with the naked eye. The
number of individuals with pollen present was converted to
a percentage of all individuals of that species caught during
the flowering period. Data for this analysis included the total
frequency of all species caught over the flowering period.
(The weaver morpho-species used during point counts did
not apply here as all weavers were identified to species level.)

Flowering period

In order to quantify when peak flowering occurred all aloes
within a 10 m radius of each survey station were counted
(n=124). Each aloe was placed into one of three categories;
budding, flowering or inactive. The same aloes were clas-
sified into their respective categories (depending on what
flowering state they were in) each sample day. The ‘budding’
state described an aloe with greenish-yellow flowers present
on the raceme(s) which were still closed. The ‘flowering’
state described an aloe with orange-red flowers present on
the raceme(s) which had opened and exposed the pollen-
covered stamens. The ‘inactive’ state described an aloe that
had either not produced any racemes this season or one that
had passed through the flowering period and now had seeds
on the raceme(s).

Data analysis

The differences between monthly means of abundance of all
individuals, true nectarivores, occasional nectarivores; and
species richness were statistically analysed using a one-way
ANOVA after ensuring the data were normally distributed
using the Kolmogorov—Smirnov, Lilliefors and Shapiro—
Wilks tests (Statistica vers.8). A post-hoc Tukey’s test was
performed to determine which months were significantly
differently from others (Statistica vers.8). Regression analy-
ses were performed to determine the relationship between
the abundance of all birds and true nectarivores, and the
percentage of aloes that were flowering (flowering period)
(Statistica vers.8). The Shannon—Wiener diversity index (H")
was determined per month using the programme Estimate
S™ to illustrate the evenness of species occurring within the
community (Borgella et al. 2001, Hurlbert 1971, Karr & Roth
1971, Tramer 1969, Willson & Moriarty 1976). Data for this
analysis included all observations of each species per month.

RESULTS
Flowering period

All aloes that flowered during the sampling period produced a
single set of racemes with the first inflorescences (buds) vis-
ible at the beginning of May (Fig. 1). Peak budding occurred
at the beginning of June with 60% of all aloes in the sampled
area containing buds. The first flowers opened at the end
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Fig. 1. The percentage of aloes (n = 124) in the described states
(inactive, budding or flowering) on each sample day during the five-
month sampling period (April-August 2008).

of May and by early August flowering was complete. Peak
flowering occurred at the end of June and continued through
to the beginning of July with 49% of all aloes in the sampled
area (n = 124) in a flowering state (Fig. 1).

Abundance, diversity and community composition

A total of 40 bird species was observed during the entire
sampling period (Appendix I). No seasonal migrants were
observed during any of the months. The abundance of indi-
viduals observed increased steadily from the first sample in
April to a peak at the beginning of July (Fig. 2). A low at the
beginning of June was also recorded. This was followed by
a steady decline towards the end of August. The increase in
abundance tracked the increasing number of aloes in flower
(% flowering). There was a clear delayed response to the peak
availability of nectar seen at the beginning of July (Fig. 2).
The monthly mean abundance of all birds in July was signifi-
cantly higher than all other months (p < 0.05, F, ;= 10. 12);
all other months showed no significant differences. The
number of species observed throughout the sampling period
remained relatively sw3imilar with the maximum number of
species observed during the first May sample. No significant
differences were found between monthly means of species
richness (p = 0.49, F, 5= 0.98).

The community composition shows a clear shift tracking
the number of flowering aloes (Fig. 3). The abundance of
occasional and true nectarivores increased steadily towards
July tracking the increase in the number of flowering aloes
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Fig. 3. All bird abundance partitioned into occasional and true
nectarivores, and other birds over the five-month sampling period
(April-August 2008) in relation to the percentage of flowering A. ferox.

160 B0

[ Species 50
120 4 I Individuals

]

oy, N i
wod | % Flowering

80 4

60+

Abundance
&
% Flowering

8

404

Apri | May June July
Month and sample

August

Fig. 2. The abundance of all birds and species per sample, and
the percentage of aloes in a flowering state during the five-month
sampling period (April-August 2008).

(Fig. 3). This was followed by a steady decline in the abun-
dance of both guilds. The number of other birds (those not clas-
sified as occasional or true nectarivores) observed remained
relatively unchanged throughout the sampling period. Sig-
nificant differences were found between the monthly mean
abundance of true nectarivores (p < 0.05, F 45— 31.65) and
occasional nectarivores (p < 0.05, F, ;= 5.31) with the highest
abundance of each guild recorded during July.

There was a significant relationship between the percent-
age of aloes in flower and the abundance of all birds on the
study site with 61% of the variability in their abundance being
explained by the percentage of aloes in flower (p < 0.05,
R?=0.61). A significant relationship between the percentage
of aloes in flower and the abundance of occasional nectariv-
ores was found with 44% of the variability in their abundance
being explained by the percentage of aloes in flower (p < 0.05,
RZ? = 0.68). There was a significant relationship between
the percentage of aloes in flower and the abundance of true
nectarivores on the study site with 68% of the variability in
their abundance being explained by the percentage of aloes
in flower (p < 0.05, R? = 0.68) (Fig. 4).

The cumulative species richness per month ranged from
16 species (April and August) to 26 species (May) (Table 1).
The monthly Shannon—Wiener diversity indices illustrate the
highest evenness during May (2.97) and the lowest observed
during the peak flowering period (June — 1.97 and July — 1.66)
(Table 1).

Abundance

% Flowering

Fig. 4. Scatter plot showing the significant (p < 0.05, R? = 0.68)
relationship between the abundance of true nectarivores and the
percentage of flowering aloes. (Solid line indicates the linear relation-
ship; dotted lines indicate 95% confidence interval).
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Role in pollination

Out of the 11 species of occasional nectarivore (Appendix IT)
observed in this study, seven were caught in the mist nets;
two of which (Cape Weaver and Streakyheaded Seedeater)
regularly had pollen on the bill and/or plumage in the facial
region (Table 2). Eighty-one percent of all Cape Weavers
(n = 53) and 50% of all Streaky-headed Seedeaters caught
(n = 8) had pollen in this region. Two of the three species of
true nectarivore observed in this study (Appendix II) were
captured (Malachite Sunbird and Southern Double-collared
Sunbird Cinnyris chalybeus. Ten percent (n = 10) of all
Malachite Sunbirds caught showed pollen deposited on their
plumage, while the only (n = 1) Southern Double-collared
Sunbird caught did not have any pollen on it (Table 2).

DISCUSSION
Nectar-feeding at a mass flowering event

The flowering period of 4. ferox observed in this study is
in agreement with the literature describing the duration and
onset of the flowering period occurring from May to August
with peak flowering occurring during mid-winter (Hoffman
1988, Palgrave 2002, Van Wyk & Smith 1996). The sig-
nificant increase in the number of birds during the flower-
ing stage indicates that 4. ferox nectar is an important food
source during this dry winter period. The data thus support
the hypothesis that bird abundance would increase with an
increase in the availability of 4. ferox nectar. On a broader
scale, the increase in abundance associated with an increase
in resource availability documented here mirrors those studies
reporting similar trends in the cases of avian frugivores and
insectivores (Fleming 1992, Herrera 1998, Johnson & Sherry
2001, Loiselle & Blake 1991, Garcia & Ortiz-Pulido 2004).
The significant increase in occasional and true nectarivores
tracking the increase in nectar availability also supports the
general trend in studies investigating avian nectarivores
(Brown & Hopkins 1996, Cotton 2006, De Swardt 1991,
Franklin & Noske 1999, Gryj et al. 1990, Skead 1967, Symes
et al. 2001). This was highlighted by certain species only
being present during the flowering period e.g. Streaky-headed
Seedeater, Malachite Sunbird and Red-winged Starling
Onychognathus morio which are known to move extensively
while tracking food resources (Fraser 1997, Skead 1967,
Symes et al. 2001). The significant increase in abundance
of true nectarivores recorded did not match the findings of
Symes et al. (2008) who documented no significant response
by the true nectarivores (sunbirds) to the seasonal availability
of A. marlothii nectar at Suikerbosrand Nature Reserve in the
Gauteng Province, South Africa. The relationship between
the percentage of aloes in flower and the abundance of all
birds, and true nectarivores was stronger when compared
with the abundance of occasional nectarivores. The weaker
relationship between the occasional nectarivores and percent-
age flowering means there are other factors influencing their
abundance in addition to the presence of the A. ferox nectar
resource. These factors may include the availability of other
food resources such as insects or fruit and the availability
of nesting sites. However, by definition, species within this
guild are not dependent on the nectar resources for food as
they are occasional nectarivores which make use of ephemeral
food sources when they are available. Thus the relationship
between them and the percentage of flowering aloes is not
expected to be a strong one.

The monthly cumulative species richness did not track the
availability of nectar which does not support the hypothesis
of increased species richness associated with increased nec-
tar availability. A possible explanation for the peak species
richness in May (26 species) may be the appearance of the
first buds at the beginning of that month, and the first flow-
ers at the end of the month providing a new food source. The
Streaky-headed Seedeater and the Malachite Sunbird both
arrived shortly after the aloes began to bud. In addition, the
weather on both sampling days during May was exceptionally
good with minimal wind allowing for greatest bird activity,
and conditions may have increased the probability of detec-
tion by the observer (Brotons et al. 2005, Butler et al. 2005,
Parker 2008). The relative lows of 16 species recorded during
April and August may be attributed to the aloes having not
begun (April) or finished (August) the flowering season.
These findings contrast with other studies reporting increases
in nectarivorous species richness associated with: rainforest
flower resources in New Guinea (Brown & Hopkins 1996);
flowering plants in monsoonal woodland near Darwin, Aus-
tralia (Franklin & Noske 1999); flowering resources in the
Amazon, Columbia (Cotton 2006) and flowering 4. marlothii
in grassland-savannah, South Africa (Symes et al. 2008).
The habitat type may have influenced the lack of change in
species richness in that there may be fewer species which
make use of ephemeral nectar resources in the Nama-Karoo
biome when compared with other habitat types such as those
previously mentioned. The second hypothesis is that these
patterns are part of a broader scale phenomenon reflecting
global variation in avian nectarivore species richness where
the Neotropical (324 hummingbird species) and Australasian
(159 honeyeaters) regions have more speciose nectarivore
radiations when compared with the Afrotropical (78 sun-
birds and 2 sugarbirds) and Indomalayan (39 sunbirds and
10 honeyeaters) regions (Maclean 1990, Symes et al. 2008).

When comparing the Shannon-Wiener diversity indices
between months, the data did not support the hypothesis that

Table 1. Cumulative species richness and Shannon—Wiener diversity
index (H*) per month over the five-month sampling period.

Month

Cumulative species Shannon-Wiener

richness diversity index (H’)
April 16 2.46
May 26 2.97
June 21 1.97
July 22 1.66
August 16 2.17

Table 2. The percentage of individuals of each species caught in
the mist nets, classified as either true nectarivores or occasional
nectarivores, with pollen present on their bill or plumage in the facial
region during the flowering period (May—August 2008).

Guild Species n Percentage
with pollen
present (%)
True nectarivore Malachite Sunbird 10 10
Southern Double-collared 1 0
Sunbird

Occasional nectarivore Cape Weaver 53 81
Streaky-headed Seedeater 8 50
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diversity would increase with an increase in nectar avail-
ability. However, the lack of evenness observed during the
peak flowering period (June-July) may be attributed to the
arrival of one species en masse, the Malachite Sunbird. The
abundance of this species accounted for between 50 and 58%
of the total bird abundance recorded during this time period,
which resulted in the evenness being considerably skewed.

Role in pollination

Hoffman’s (1988) investigation into the pollination ecology
of A. ferox found that although its inflorescence structure sug-
gests an ornithophilous pollination syndrome, it was instead
a combination of insects and birds which were responsible
for its pollination. We tried to determine which guild of birds,
either occasional or true nectarivore, played a more significant
role in its pollination. Our findings clearly show that the occa-
sional nectarivores, specifically the Cape Weaver and Streaky-
headed Seedeater, play a considerably larger role in the
pollination of 4. ferox compared with the true nectarivores.
According to Symes & Nicolson (2008) flowers adapted for
pollination by specialist nectarivores produce small amounts
(approx. 10-30ul) of relatively high concentrated (approx.
15-25% w/w) nectar with a high sucrose content (approx.
40-60% of total sugar), whilst flowers adapted for generalist
occasional nectarivore pollination are characterized by large
volumes (approx. 40—100 ml) of dilute (approx. 8—12%) nec-
tar with minimal sucrose content (approx. 0—5%). The data
here, suggesting occasional nectarivores have a larger role
to play in the pollination of A. ferox, support these ideas in
that the high volume (180pl) and low sucrose concentration
(12.5%) of A. ferox nectar (Hoffman 1988) fit the description
of a generalist pollination syndrome. This is supported by
Symes et al. (2008) who found a significant response by oc-
casional nectarivores to the flowering of 4. marlothii which
has very similar nectar properties (250ul, 12% concentration)
and inflorescence structure (yellowy-red colour, no scent,
sturdy perching axes) to 4. ferox indicating the larger role of
occasional nectarivores in the pollination of these two species.

Future scope

Future field research should investigate the relationship
between aloe plant density and bird abundance; we would
expect that sites with higher aloe densities will attract higher
bird abundances. There is also broad scope for exploring
the pollination ecology of these plants and determining the
relative significance of insects and birds in their pollination
(Hoffman 1988, Human & Nicolson 2008, Symes & Nicolson
2008). In addition, it is crucial to ensure the scales on which
studies are carried out are appropriate for the research ques-
tion. According to Fleming (1992) no bird moves around
aimlessly in the hope of encountering a food source but rather
tracks resources to maximise their fitness. When relating this
to nectarivore abundance associated with nectar availability,
the research question should be “At what spatio-temporal
scale(s) are they correlated?” (Franklin & Noske 1999). For
avian nectarivores, processes such as these tend to operate at
larger scales than are generally practical to study and thus this
survey may need to be repeated at a larger spatial (more sites)
and temporal (more flowering seasons) scale in order to gain
a more accurate understanding of the changes in abundance
and species richness of avian nectarivores associated with
A. ferox flowering events.

Conclusion

The avian community changes observed related to the increase
in A. ferox nectar availability highlight the importance of this
resource for a large number of individuals and one particular
true nectarivore. This supports the general trend in the litera-
ture in both local regions and on other continents. However,
the lack of any significant changes in species richness associ-
ated with the increase in 4. ferox nectar availability is in con-
trast to other studies. Potential explanations for this include
the possible effects of habitat type and the associated different
suites and numbers of species; and/or the presence of rela-
tively few specialist nectarivores in this region (Afrotropical)
compared with other regions (Neotropical and Australasian)
(Maclean 1990). The dry winter season in the Eastern Cape
is thus a period of predictable and abundant 4. ferox nectar
resources. In addition, it is also a period when many other
resources such as fruit and insects may be in short supply. The
combination of these circumstances has major ramifications
for the survival and behaviour of avian nectarivores in the
Eastern Cape Province which need to be explored further. The
evidence that occasional nectarivores play a more significant
role in the pollination of 4. ferox on the study site compared
with the true nectarivores demonstrates that this aloe has a
generalist pollination syndrome, as found in a previous study
on its pollination ecology (Hoffman 1988). Although floral
syndromes can lead to accurate predictions about the effective
pollinators of certain plant species (Hargreaves et al. 2004),
it should not be advocated that syndromes be accepted as
evidence that a plant is pollinated by a particular species or
guild of species. Thus although A. ferox is ornithophilous,
the guild of birds pollinating it were not specialists but rather
generalists, which is not specified by its “ornithophilous”
pollination syndrome description.
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