Belg. J. Zool. - Volume 127 (1997) - supplement 1 - pages 59-65 - Brussels 1997

EXTRACTION OF NUTRIENTS
FROM PROTEA POLLEN BY AFRICAN RODENTS

1aN GERARD VAN TETS
University of Cape Town
Department of Zoology, Rondebosch 7700, South Africa
e-mail; ivantets@botzoo.uct.ac.za

Abstract. Many of the species of Protea that are found in the south-western Cape of South Africa
are poltinated by rodents. In Austratia, where flowers of the same family are alse mammal-pollina-
ted, some of the mammal species that feed on Proteaceae flowers not only gain encrgy from nectar
but also extract protein from pollen. This contrasts with the widely held belief that most mammals
are unable to extract nutrients from pollen. To determine whether African rodents are also capable of
using pollen as a source of protein, faecal samples were collected from mammals trapped at two sifes
in the Western Cape where Protea humiflora and P. subufifolia were common. The mammals includ-
ed three rodent species, Rhabdomys pumilio, Aethomys namaguensis and Mus minutoides, and an ele-
phant shrew, Elephaniulus edwardsii. The mean percentage of empty or partially digested pollen
grains was 50.3% for E. edwardsii, 56.8% for R. pumilio, 60.4% for 4. namaquensis and 83.0% for
M. minutoides. These four species are clearly capable of penetrating the pollen grains of Profea dur-
ing digestion. Pollen is therefore a potential protein source for these species.
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INTRODUCTION

Many mammalian species, including rodents, feed on flowers or flower products. For
example, in Britain, the dormouse, Muscardinus avellanarius (L.), feeds on the anthers of
hawthorn, Crataegus monogyna, in early spring (RICHARDS ef al., 1984) and, in the Kalahari
desert, Acacia flowers are eaten in large quantities by larger mammals such as springbok,
Antidorcas marsupialis (Zimmerman, 1780), and giraffe, Giraffa camelopardalis (L.)
(SAUER, 1983 NaGY & KnicHT, 1994). Although in many cases the plants receive no corre-
sponding benefit, a range of mammal species including bats, rodents, marsupials, primates
and insectivores are involved in the pollination of various plant species (REsELO &
BREYTENBACH, 1987; GOLDINGAY ef al., 1991; FERRARI & STRIER, 1992 ; FLEMING, 1993).

What do flowers have to offer rodents? One flower product that rodents are likely to
feed on is nectar. Nectar is a sugar solution produced by many flowers to attract pollina-
tors and it should provide foraging rodents with an casily obtainable source of energy. A
second flower product that rodents may feed on is pollen. Pollen can have a very high pro-
tein content. The pollen of some mammal-pollinated Banksia species contains over 30%
crude protein (TURNER, 1984). The bulk of the protein in a pollen grain is found in the ceil
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contents, known as the protoplast, and this protoplast is encased within a hard cell wall
that is extremely resistant to chemical breakdown (RAVEN et a/., 1992). The strength of this
cell wall has led to a belief that it is difficult for small mammals to extract nuirients from
pollen (HumMg, 1982). Some dietary studies have identified pollen as a major component
of faecal samples but discounted it as a possible source of nutrition because of this per-
ceived difficulty {e.g. SmrTH, 1982).

Evidence that pollen may not be such an inaccessible food source has been found in
Australia in recent years. Laboratory studies on two flower-feeding marsupials, Petaurus
breviceps (Waterhouse, 1838) and Cercarfetus nanus (Desmarest, 1818), showed that
Eucalyptus pollen had a high biological value for both species. Furthermore, the mainte-
nance nitrogen requirements for both species were exceptionally low when they were fed
diets in which pollen was the only source of nitrogen (SmiTH & GREEN, 1987; VAN TETS,
1996). A flower-feeding bat, Syconycteris australis (Peters, 1867), has also been found to
have a low maintenance nitrogen requirement on pollen, although not as low as for the
marsupials (Law, 1992a),

A large proportion of the Banksia pollen grains found in faecal samples taken from
small Australian mammal species have been empty, indicating that these species are capa-
ble of extracting the protoplast from the Banksia pollen grains they ingest, In the faeces of
the obligate flower-feeding marsupial Tarsipes rostratus, 95-100% of the Banksia pollen
grains were empty (RICHARDSON ef al., 1986). Other marsupials that frequently fed on
flowers, such as £ breviceps and C. nanus, removed the protoplast from approximately
65% of the pollen grains (vAN TeTs & WHELAN, 1997). The flower feeding bat, S. aus-
tralis, was able to extract the protoplast from 53% of the Banksia pollen grains it ingest-
ed (LAw, 1992b). Even mammalis for whom flower products were unlikely to form an
important part of their diet were able to digest Banksia pollen. For example, the rodent
Rattus fuscipes (Waterhouse, 1839) and the insectivorous marsupial Antechinus stuartii
(Macleay, 1841) removed the protoplast from 55% and 37% respectively of the pollen
they ingested (VAN TETS & WHELAN, 1997).

In the Cape Floral Kingdom of south-western South Africa, rodents regularly visit the
inflorescences of Protea in search of food, and rodents are the primary pollinators of a
number of Protea species (WIENS ef al,, 1983; ReBELO & BREYTENBACH, 1987). These
species produce large and often cryptic inflorescences close to ground level (REBELO &
BREYTENBACH, 1987). The inflorescences have a strong musky odour and they release nec-
tar at night with maximum flower opening corresponding to maximum small mammal
activity (WIENS ef 4l, 1983), When small mammals were excluded from the inflores-
cences of two species, P, humiflora and P. amplexicaulis, seed set was reduced by 50 and
95% respectively (WIENS ef a/., 1983).

Protea and Banksia both belong to the same family, Proteaceae. Many relevant species
of Protea flower between mid-winter and mid-spring (REBELO, 1995). As this is a period
when other food resources are in short supply, it is possible that the flower products of
Proteq, including pollen, are an impostant element in the diet of the rodents during those
periods. Although, there is no evidence that the rodents actively select pollen while forag-
ing, they do ingest large quantitics of pollen while grooming (WIENS ef al, 1983). As
Australian mammals, including the rodent Ratius fiscipes, could extract the protoplasts
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from the pollen grains of plants from the same family, it was likely that at least some of
the South African rodents could do the same with Protea. My aim, therefore, was to deter-
mine whether the rodents involved in the pollination of Profea were removing the proto-
plasts from the pollen they ingested.

MATERIAL AND METHODS

Between 31 July and 2 August 1996 and between 17 and 20 September 1996, small
mammals were captured at two sites in which the inflorescences of rodent-poliinated
species of Protea were abundant. The first site was on the foothills of Jonaskop on the
western edge of the Riviersonderendberge (33° 56’S 19° 31°E) in which Protea humiflora
was the only species of Protea in flower at the time of sampling. The other site was near
Kaaimansgat iz the Stettynsberge (33° 56°S 19° 17°E). At Kaaimansgat, P, subulifolia was
the most common species of Proteq within the site but there were a few F. laurifolia plants
in flower near its edge. The mammals were captured in live traps baited with peanut but-
ter, oats and golden syrup and were toe-clipped so that samples were taken from each indi-
vidual only once. Faeces were taken from the fraps in which the small mammals were
caught and were stored in 70% ethanol.

Faecal samples were taken from two species of mammal at Jonaskop: the Namaqua
rock mouse, dethomys namagquensis (A. Smith, 1834), and Edward’s elephant-shrew,
Elephantulus edwardsii (A. Smith, 1839}, At Kaaimansgat, samples were taken from two
different species: the striped field mouse, Rhabdomys pumilio (Sparrmann, 1784), and the
pygmy mouse, Mus minytoides (A, Smith, 1834). A number of other species, including

Fig. 1. - Protea humifiora pollen grains in the faeces of Aethomys namaquensis, A is an intact
pollen prain. The darkly stained protoplast fills the entire cell. B is an empty pollen grain. Only
the cell wall is visible. C s a partially digested pollen grain, the stained trianglular shaped struc-
ture in the centre of the cell is the remnant of the protoplast. The scale bars represent 10 mm.
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Acomys subspinosus (Waterhouse, 1838), Otomys irroratus (Brants, 1827) and Myosorex
varius (Smuts, 1832), were also captured at the two sites, These were not included in this
study as fewer than five individuals were captured from each of these species.

Approximately 10 mg of facces from each animal was spread on a microscope slide
and stained with a drop of cotton-blue lactophenol. This stained the protoplast dark blue
but left the cell wall unstained. On each slide, 100 Protea pollen grains were counted and
the percentage of grains from which the protoplast had been removed, even if only par-
tially, was recorded (Fig. 1). Grains with partially digested protoplasts were included with
the completely empty grains, as in both cases the pollen grain had been penetrated during
its passage through the digestive tract. Samples of pollen were also taken directly from the
pollen presenters of B Aumiflora and P. subulifolia and assessed in a similar manner. The
percentage of empty and partially digested pollen grains in the faeces of the four species
was compared using a one way analysis of variance. The values were transformed using
an arcsine fransformation prior to the analysis.

RESULTS

Over 99% of the pollen grains taken directly from the flowers were intact. However,

on average, over half the Profea pollen in the faeces of all four species were either empty =
or partially digested (Fig. 2). The mean percentages were 49.0% for E. edwardsii, 58.4% -

for R. pumilio, 60.4% for A. namaquensis and 83.0% for Mus minutoides. There was no
significant difference between the values for E. edwardsii, R. pumilio and 4. namaquen-
sis. However, the mean percentage of empty or partially digested grains for Mus minu-
toides was significantly higher than for the other three species (P < 0.05).
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Fig, 2. — Mean percentage of penetrated Protea pollen grains in the faeces of four small
Aftican mammal species, Error bars represent standard errors. N = 10 for Elephanfulus
edwardsii, 8 for Rhabdomys pumilio, 8 for Aethomys namaguensis and 5 for Mus minutoides.
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DISCUSSION

As all four species are capable of extracting the protoplast from at least half the Profea
pollen grains that they ingest, the pollen cell wall does not prevent them from gaining
access to the protein of most of the Protea pollen that has been ingested, None of these
species is a specialist flower feeder. Their ranges all include areas where the genus Profea
does not occur (SKINNER & SMITHERS, 1990). Therefore, it is likely that most small African
rodent species will also be able to digest Profea pollen.

The percentages of empty Profea grains were very similar to the percentages of empty
grains found in the facces of eutherian mammals feeding on Banksia pollen in Australia:
55% for R. fuscipes and 53% for S. eustralis (Law, 1992b; Van TETS & WHELAN, 1997).
This similarity between the digestibility of Protea and Banksia suggests that similar va-
iues could be expected for other Proteaceae pollens ingested by small mammals,

The mechanism used to extract the protoplast is unclear at this stage and a number of
mechanisms have been proposed by various researchers. These include the induction of ger-
mination, osmofically or chemically induced bursting and direct enzymatic digestion
(TurNER, 1984; RICHARDSON ef al., 1986). Of these, the direct enzymatic digestion of the

protoplast through the pores of the pollen grain seems to be the most likely mechanism in
 this case, as partially digested grains were present in the samples and pollen tubes and pollen
grains that had obviously burst were not observed. If this is the case, then the percentage of
empty pollen grains is likely to be an underestimate, as mauy grains that appeared intact
under a light microscope may have been partiatly digested. This is supported by an earlier
study which found that the apparent digestibility of Fucalyptus pollen nitrogen for C. nanus
was higher than the proportion of empty polien grains in its facces (Van TETs, 1996).

The importance of Protea pollen relative to other protein sources in the diet of these
small mammals is even less clear. It is dependent on a number of variables including the
quantity of pollen available, the foraging behaviour of the mammalian species and the
ability of that species to absorb and retain the protein comtzined in the poilen.
Unfortunately, very little data is available on any of these variables, However, as the
pollen of Eucalyptus (the only pollen that has been looked at in detail in this respect)
proved to be a very good source of nitrogen for three mammal species (SMITH & GREEN,
1987; Law, 1992a; VaN TETs, 1996), it is likely that this is also true for Profea pollen.

The success of these four species in extracting the protoplasts from the pollen of
Protea, taken in conjunction with the Australian data for mammals feeding on Banksia and
Eucalyptus, suggests that small mammals may be able to-extract nutrients from many
pollen species. Pollen is often rich in protein, and in areas where flowers are seasonally
abundant rodenis may ingest it in large quantities. It should not be overlooked in dietary
studies of rodents in such areas.
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