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The secretion of the Red-billed Phoeniculus purpureus, consists of 17 

lactones and other miscellaneous cornn()unlds. The secretion of 

!>ntH111" and fed on an artificial wild birds does not differ SlgJrullcarltly from the secretion of birds held in 

diet. The " .. ".""01 of P. purpureus contains a 

flushed with antibiotic for a 

C01TIO'OUlld.S with in the secretion 

of three 

to seven. 

bacterium. When the of the birds is 

the bacterium eliminated and the number of 

two of the cornpclunljs in sterile secretion 

the same as those in the their concentrations are different. ""IJIJU' '-'''11 Y the 

secretion of the Red-billed 

Syrlth(~s1:i~ed. de novo the birds. 
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of the metabolism of bacterium resident in 

the birds. This is the first clear 
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Table 2.1: The chemical conanosl and relative COI1Ce]atnlticins, of the nrnnuo'", secretion of the 

Red-billed omlhOopc)es, Phoeniculus purpureus, before treatment with the antibiotic 

and the chemical conapOisltlOi of the w0 1odl1lo01JOe secretion after the antibiotic 

treatment POiit-treatm,mt) 

c, tion (IV,,): 

0 ... Pre - Treatment: Post - Trefltment: 

h. !al- 0.5 0 rl' A jv.,", 

- - 0.2 0 

Isovaleraldehydt; 22.6 3.4 

J:teptalQenyul;O 2.5 0 

Hen Z~ lrlehyde 8.4 0 

0.5 0 

T~ _" .:. acid 22.6 0 

0.9 0 

Hexanoic acid 0.2 0 

Benzoic acid I 28.1 0 

>Iactone 7.1 0 

0.9 0 
• 

Hexanal 2.9 0 • 

DJ ncthy"'1: 11fide 0.4 12.0 

Phenol 0.7 0 

Indole 4.5 0 

• 

Trimethylamine 2.1 0 

1 - Butanol 0 5.7 

• l\,f".1, ,1, lzene 0 2.8 'J 

Limonene 0 2.9 

Pyrazine derivative 0 12.5 
I 

Cholesterol 0 62.7 
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treatment. The relative concentrations of the constituent compounds are also indicated. 

Figure 2.2 shows the trends in the number of chemical constituents found within the 

secretion of the two groups of birds prior to the treatment (dayl), two days after the 

final treatment (day 4) and one month after the final treatment (day 36). At the time of 

taking the final sample for chemical analysis the number of chemical constituents in the 

secretion of treatment was still less than that of control. The secretion of treatment 

tended to be paler, more fluid and less sharp in odour than that of the birds of control. 
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Figure 2.2: Changes in the number of chemical compounds found within the secretions of those 

P. purpureus treated with sterile saline (control) and those treated with Baytril (treatment). 

* denotes a significant difference (Lord's Range Test: L> 0.64, P < 0.05) 

During the time of the antibiotic treatment cultured samples of the secretion showed that 

the micro-flora resident in the gland had been destroyed. Secretion samples were 
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taking the final sample for chemical analysis the number of chemical constituents in the 

secretion of treatment was still less than that of control. The secretion of treatment 
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A Gram non-sporing, bacterium was 

isolated from the of wild Red-billed Woodhoopoes, (Phoeniculus and 

strain JLB-l. and biochemical 

member of the genus 

indicated that this IS a 

lactic acid the current 

definition of this group. The 16S rDNA sequence was with other sequences the BLAST 

of GenBank. The closest relatives of the bacterium are E. E. and E. asini (96%). 

Strain JLB-l may be differentiated from its closest relatives the fact that it does not 

um.liU'V., melezitose or sorbitol. It also does not or 

acid from 

and cannot 

grow in 6.5% NaCI nor 40% bile. The name Enterococcus sp. nov. is for this 

The strain is JLB-l. The 16S rDNA sequence has been submitted to GenBank \""''' .... ''''H.Hl 

number AY028437). 
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3.3. 

a bp. 

is pn~selnted 3.1. was cOInnare:a 

3.1: The partial 16S rDNA sequence of 'Enterococcus as 

GenBank \U\"A,,''''''VU number 

TTTCTAAACCCCCTATACGGCTGGCTCCAAAAGGTTACCTCACCGGCTTCGGGTGTTTAC 
AACTTTCGTGGTGTGACGGGCGGTGTGTACAAGGCCCGGGAACGTATTCACCGCGGCGTG 
CTGATCCGCGATTACTAGCGATTCCGGCTTCATGTAGGCGAGTTGCAGCCTACAATCCGA 
ACTGAGAGAAGCTTTAAGAGATTAGCTTAGCCTTGCGACTTCGCGACTCGTTGTACTTCC 
CATTGTAGCACGTGTGTAGCCCAGGTCATAAGGGGCATGATGATTTGACGTCATCCCCAC 
CTTCCTCCGGTTTGTCACCGGCAGTCTCGCTAGAGTGCCCAACTAAATGATGGCAACTAA 
CAATAAGGGTTGCGCTCGTTGCGGGACTTAACCCAACATCTCACGACACGAGCTGACGAC 
AACCATGCACCACCTGTCACTTTGTCCCCGAAGGGAAAGTTCTGTCTCCAGAATGGTCAA 
AGGATGTCAAGACCTGGTAAGGTTCTTCGCGTTGCTTCGAATTAAACCACATGCTCCACC 
GCTTGTGCGGGCCCCCGTCAATTCCTTTGAGTTTCAACCTTGCGGTCGTACTCCCCAGGC 
GGAGTGCTTAATGCGTTAGCTGCAGCACTGAAGGGCGGAAACCCTCCAACACTTAGCACT 
CATCGTTTACGGCGTGGACTACCAGGGTATCTAATCCTGTTTGCTCCCCACGCTTTCGAG 
CCTCAGCGTCAGTTACAGACCAGAGAGTCGCCTTCGCCACTGGTGTTCCTCCATATATCT 
ACGCATTTCACCGCTACACATGGAATTCCACTCTCCTCTTCTGCACTCAAGTCTCCCAGT 
TTCCAATGACCCTCCCCGGTTGAGCCGGGGGCTTTCACATCAGACTTAAGAAACCGCCTG 
CGCTCGCTTTACGCCCAATAAATCCGGACAACGCTTGCCACCTACGTATTACCGCGGCTG 
CTGGCACGTAGTTAGCCGTGGCTTTCTGGTTAGATACCGTCAAGGGAYGAACAGTTACTC 
TCATCCTTGTTCTTCTCTAACAACAGAGTTTTACGATCCGAAAACCTTCTTCACTCACGC 
GGCGTTGCTCGGTCAGACTTTCGTCCATTGCCGAAGATTCCCTACTGCTGCCTCCCGTAG 
GAGTCTGGGCCGTGTCTCAGTCCCAGTGTGGCCGATCACCCTCTCAGGTCGGCTATGCAT 
CGTGGCCTTGGTGAGCCGTTACCTCACCAACTAGCTAATGCACCGCGGGTCCATCCATCA 
GTGACACCCGAAAGCGTCTTTCAAATTAGAACCATGCGGTTCCAATTGTTATACGGTATT 
AGCACCTGTTTCCAAGTGTTATCCCCTTCTGATGGGCAGGTTACCCACGTGTTACTCACC 
CGTCCGCCACTCTTTTTCTTTCGGTGGAGCAAGCTCCGGTGAAAGAAAAAGCGTTCGACT 
TGCATGTATTAGGCACGCCGCCAGCGTTCGTCCTGACCA 

as as a 

were to 
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,--_____ 1000 

G.adiacens 

664 
,-__ __ D.incerta 

807 ___ _ 

977 Cinhibens 

L.maltaromicus 

3.2: Unroated 'v/",vw.u .... tree based on 168 rDNA sequences, with S. aureus as an "."",r.,,'''' .... 

the "W.UV'''''''j.) between stn~pt;)CC'CCl and other lactic 

acid bacteria. The tree was gelrler'ate:d the CLUSTAL W and includes the nn,nt~.tNln values 



University of Cape Town

Table 3.1: Phvsiological and biochemical characteristics that differentiate 'E. Dhoeniculicola' from other enterococcal 

'E. E. E. E. 
, E. E. E. E. 

Acid from: 

Arabinose + + + + 

Inulin + + + 

Lactose + + + + + 

Mannitol + + + + 

Melezitose + + 

Melibiose + + + 

Raffinose + + 

Rhamnose + + + + 

Ribose + + + + + 

Sorbitol + + + 

Sorbose + 

Sucrose + + + + + + 

+ + + + + + + 

+ + 

+ + + 

+ + + + + 

+ 

30 37 40 40 40 40 40 40 40 

*: de Vaux et al (1998): #: Carvalho et al (1998): $: Hsueh et al 



University of Cape Town

Table 3.2: and biochemical characteristics that differentiate 'E. from 

S. S. S. 
'" E. nhnenirulirnla / thoraltensis S. S. 

Acid from: 

Arabinose + 

Inulin 

Lactose + 

Maltose + 

Mannitol + 

Melibiose variable 

Raffmose variable variable 

Ribose + + + 

Sorbitol variable 

Sucrose + 

Trehalose + + + 

none + 

V. + + + 

Gelatin: 

39.8% 40.5%39.9% 40.40 

*: Devriese et al &: Kawamura et al 
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Table 3.3: and biochemical characteristics that differentiate 'E. from other 

lactic acid bacterial 

'E. L. e. e. 
's. D. 

Acid from: 

Arabinose + variable 

Fructose + + + + + + 

Galactose + + + + + 

Glucose + + + + + + 

Lactose + + + + 

Maltose + + + + + + 

Mannitol + + + 

Mannose + + + + + + + 

Melezitose 

Melibiose + + 

Raffinose + 

Ribose + + + + + + 

Sorbitol 

Sucrose + + variable + + 

Trehalose + + + + + + 

+ 

+ 

+ + L-lactic + 

+ + 

Fac. Aer: + + + + 

Catalase: 

Oxidase: 

Nit. Red.: + 

Urease: + 

*: Stackebrant et al (1999); ... : Coombs and et at *: Jobom et 

al ~:~: Kloos and Schleifer 11>: Kandler and Weiss 1986. For full names see page 27. 
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Table 3.3: Continued. 

'E. L. G. G. T. 
, 

maltaromicus V. muriaticus 

Acid from: 

Arabinose 

Fructose + 

Galactose + 

Glucose + + 

Lactose 

Maltose + 

Mannitol + 

Mannose + + 

Melezitose 

Melibiose + 

Raffinose + 

Ribose + 

Sorbitol + 

Sucrose + + T 

Trehalose + + 

+ 

+ 

+ + 

+ 

Fac. Aer: + + + + + 

Catalase: 

Oxidase: 

Nit. Red.: 

Urease: 

{!.;: Collins and Lawson *: Satomi et al #: Lawson et at +: et al (2000). 
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Red-billed \AI ",r"ilh"", ... n,'''' Phoeniculus purpureus, lJ'Uuu,"" secretion from their HTr)n"'O'HI that 

consists of at least 17 cornD()Unds. The nr"""",.,,,, secretion lJ'U'UU"vU p, purpureus was 

syrlLfiI~Sl;'c!;U and the individual COlnpiOUllds found within the secretion diluted to the concentration found 

in the natural secretion. These were means of disc-diffusion assays, 

1',1<UU!;"'",,, bacteria and one P~'~Oh'~ bacterium. The secretion was tested in 

eXIJectea that the birds would to their own feathers. Seven of the 

13 of 

similar to what is 

found within the 

~P(,'I'ptlrl11 as well as the svrltlltmc <!P(,'.I'Pt'f'I" showed action these bacterial1:lut;o.;It::1:l. This 

"""'''''''''T'' that the secretion is inhibitor of disease and feather on the birds. 

The <lVt'lttl,>t,(,. secretion was also tested feather mites on a of six birds. The mites did not 

show any '''auw,,,,,,,,,, reaction to the secretion. 

t u on: 

or 

ImmlJllI)C()mpeterlce is ''''''Pl·''{1 

1 

means: 1) eXl)OSUre to CorlSPC~Cll]CS 

or are 
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Table 4.1: The 14 bacterial which the 

of the Rebilled were tested for 

the to",",,,,,,,.,,h 

37°C aerobic 

infection 37'"'C 10% CO2 

37"C aerobic 

infection 37"C aerobic 

infection 37"C aerobic n 

37° aerobic 

37"C 10% C02 

37°C 10% CO2 

37"C 10% C02 

aureus 37"C aerobic 

infection 37"C aerobic 

37°C aerobic 

gas gangrene 

aerobic 

were 

to a uuuv.uu 1. 
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_ Full: 

o Isovaleraldehyde: 

f). Benzaldehyde: 

o Isobutyric acid: 

::t:: Valerie acid: 

_ Hexanoic acid: 

+ Benzoic acid: 

_ Indole: 

Figure 4.1: The diameters of the inhibition zones, in millimetres, produced by the full synthetic secretion 

and its constituent compounds, when tested against the pathogenic bacterial species. The inhibition zones 

include the diameter of the filter paper discs. The chemical constituents were arranged according to 

chemical groups and the bacterial species, according to cell wall type. Propionaldehyde, heptaldehyde, 

propionic acid, y-butyrolactone, cr-valerolactam, hexanal, dimethyl disulfide, phenol and trimethylamine 

did not show any inhibitory effect against the bacterial species. 

In the case of C. perJringens, the compounds within the full secretion had a synergistic 

effect against the bacteria. As a group the acids appear to have the greatest inhibitory 

effect upon the bacterial species, followed by the aldehydes, with indole being the only 

chemical from the 'miscellaneous' group having any effect upon the bacteria. Benzoic 
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The Red-billed VV'UlnJVIJ'V'"', Phoeniculus purpureus, prCiouces a modified secretion from its 

and an artificial of this The 

secretion consists of chemical groups rej:lre!lented 17 connooUi This 

secretion causes an averse reaction in cats when are pf(~sente:d with food tainted with this secretion. 

The of five of the constituent 

representmg five of the six the groups, were tested on naive 

domestic cats in an "U".Hllll. to determine which of the groups of caused this reaction. 

and prcipi(maldehYlie signiilclmtly alter the of food to cats. The effect of the full 

syrummc secretion 17 constituent COlnDIOUllds was also tested on Rock Monitor Lizards to determine 

whether or not show a similar reaction to the secretion as mammalian pre:dat:ors The secretion was 

UUIf"U",W.Ul\;; to the Monitors and Slg:mtlCllllltly reduced the number of mice eaten the I 

conclude that the secretion has an ",,,I,_,,,.,,,r,,,tr,,..., defence function that deters both mammalian and 
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Figure 5.2: The quantity of food consumed by the cats when presented with food laced with the above 

compounds or their corresponding solvents. 

* p < 0.05 (Wilcoxon matched pairs test (Zar 1996» . 

DDS = dimethyldisulfide 

longer to eat the food laced with DDS than food laced with any of the other chemicals 

(Figure 5.3). 

The difference in time taken to consume the food treated with the synthetic secretion as 

opposed to the time taken to consume the food treated with sterile saline was significant 

in all the tests (Wilcoxon Matched Pairs Test: DDS: Z = 2.803, P = 0.005; Propanoic 

acid: Z = 2.479, P = 0.013; Propionaldehyde: Z = 2.803, P = 0.005 ; Phenol: Z = 2.803, P 

= 0.005; Indole: Z = 2.803, P = 0.005). Although the cats consumed significantly less 
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Table 5.1: The first ",nnrn"',,,1'l and first cnolce;::; of the food made the cats when were 

presented with the and control foods. £ULU"""!>", in many instances the 

treatment food was <> ..... ,,.,,<.('h,>rl cats "">"'>WU"'" the control food befure the treatment food. 

3 T C T C T C T C T C 

4 C C C C T C T C T C 

5 T C T T C C C C 

C C T T C C 

C T C C C C 

C T C C C T C 

9 T C T C T C T C 

10 C C C C T C T C 

* p<O.05 
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Figure 5.3: Time taken (in minutes) for the cats to begin eating the offered food, treatment and control, 

until all of the food had been consumed or they no longer displayed interest in the remaining food 

(Wilcoxon Matched Pairs Test: * = p < 0.05). 

Reptilian predators: 

Similar cafeteria experiments were carried out on Rock Monitors, Varanus albigularis. 

Ten individual Monitors were offered mice that had been variously scented with 

synthetic Woodhoopoe secretion or sterile saline. Of the ten Monitors that were offered 

the treated mice, only one Monitor consumed a mouse that had the Woodhoopoe 

secretion on its fur (Fisher's Exact Test: p = 0.0011). Careful note was taken of the 

actions of the Monitors during these feeding trials. In most cases the Monitors would 

'sniff at the mice with their tongues and promptly turn away from the mice onto which 

the secretion had been dropped. However, when they encountered mice treated with 

saline, these were consumed instantly. In the case of the single treated mouse that was 
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.. .. 

Tockus are endemic to northern Namibia and southern and make 

also endemic to this in their nest material and nest 

odiferous secretion that is to contain or 

both of which have been identified from the defensive secretions of other 

and inhibit microbial I found both bacterial and numbers to be slgJnltlcarmy 

in lln'"\i'r'l1nlPt1 nest-boxes than in OC(:UPlea neS~I·DOXf:S. even conditions within Oc(:uPled nest boxes 

would be more conducive to microbial I think that this due to the presence of the 

secretion within nest material of U\';\~UU'ICU boxes. I T. monteiri in groups of four 

within nest-boxes and allowed them to acclimate for three to the microbial VUIJUl,t .. ",U within those 

boxes. After a of time I treated them with a dilute form of the secretion and then cotnpa:red 

"allllJ"~" taken after this treatment with sanlpu~s taken from birds treated with sterile saline. I that 

birds treated with the dilute "Ull"P'''''''''' secretion had slgnlIllcaIlUY lower bacterial numbers than control 

birds. From both of these results I deduce that the birds make use of the 

nest sites. 
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Although some Hornbill species bring millipedes into their nests and incorporate them 

into the plugs used to seal the female into the nest cavity, it is not known why this is 

done. With the knowledge that some millipedes secrete antimicrobial substances, I aim 

to determine whether the behaviour of crushing millipedes into the nest plug cement, 

and their nest material, serves to reduce the number of bacteria and fungi found within 

the nests, and upon the Hornbills themselves. 

Methods: 

I took samples of nest material from nest boxes erected in the Daan Viljoen Nature 

Reserve outside Windhoek, Namibia (22°30'S; l6°58'E). I collected nest material 

samples from ten individual boxes in which there were no resident birds (unoccupied) 

as well as from 13 individual boxes in which Monteiro's Hornbills, Tockus monteiri, 

were breeding (occupied). The occupied nest boxes were sealed with a plug consisting 

of faeces, mud and crushed millipedes. The nest material samples from both occupied 

and unoccupied nest boxes were examined and fragments of millipede exoskeleton were 

found in both. 

I placed one gram of nest material in 10mi of water and then serially diluted this 

solution down to 10-8
; spread-plating 100j..t1 of each of the series of dilutions in duplicate 

onto nutrient agar (NA) plates and incubating them overnight at 37°C. I also spread­

plated, in duplicate, dilutions of 10° to 10-3 of the solution onto potato dextrose agar 

(PDA) plates and also incubated these overnight at 37°C. After the incubation period, I 

carefully counted the number of colonies growing upon both the NA plates and the 

PDA. I used two different types of media due to the fact that NA promotes bacterial 

growth, while PDA promotes fungal growth. I analysed the results obtained from the 
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culturing of the microbes found in the nest material using the T -test assuming unequal 

varIances. 

I collected Harpagophora diplocrada (Attems 1909), a species of millipede that is near­

endemic to Namibia, in the Daan Viljoen Nature Reserve during their most active 

period, immediately after rain. This species of millipede is used by T monteiri in their 

nest material and nest plugs. After I had collected the millipedes, I gently agitated the 

individuals until I noted the secretion forming in tiny droplets along the lateral sides of 

the millipede. The latter secretion has a very characteristic scent. I collected the 

secretion using small pieces of sterile filter paper, which I rubbed along the line of 

glands on the sides of the millipedes using sterile forceps. I placed these pieces of filter 

paper in just enough sterile water to remove the secretion from the paper. 

I collected Hombill nestlings from various nest sites and placed them in nest boxes in 

groups of four in order to control for age and group size. After the groups were 

established, the nestlings were left untouched for three days to allow the nestlings to 

acclimate to their new living conditions - the change in competitive stresses and 

microbial flora of their new living environment. The Kruskal-Wallis single-factor 

analysis of variance test was used to determine that these were independent samples 

(HO.05 ,4,4,4 = 9.846, P = 0.007) and were therefore treated as such. 

I swabbed an area of approximately 3cm2 between the scapulae of each individual 

nestling with a sterile cotton swab dipped into sterile water. I then re-swabbed the same 

area with the extraction of the millipede secretion. I re-swabbed the same area of skin 

between the scapulae of the individual nestlings with sterile water the following day and 

finally two days following that. I serially diluted the swab samples down to 10-3 and 
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spread-plated 100111 of these dilutions, in duplicate, onto NA plates and PDA plates, 

which I then incubated at 37°C overnight. Another 12 nestlings, placed in a further 

three nest boxes were swabbed only with sterile water. The number of bacterial and 

fungal colonies that had grown on the plates overnight were noted and the results for the 

treated birds were compared with those of the control birds using ANOV A and the 

Tukey test as a post hoc test. 

Results: 

Microbial loads: occupied versus unoccupied nest-boxes: 

There were significantly higher bacterial numbers in unoccupied than occupied nest-

boxes (T-test Assuming Unequal Variances: tcril = 2.120, P = 0.048). Fungal numbers 

120 
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Ul 
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Figure A I : A comparison of bacterial and fungal numbers found in occupied Tockus monteiri nest boxes 

(n = 13) and presently unoccupied (n = 10) nest-boxes. A significant difference (*) was noted for both 

bacterial (p = 0.048) and fungal (p = 0.028) concentrations (T-test Assuming Unequal Variances). 
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were also significantly higher in unoccupied nest-boxes than occupied nest-boxes (T­

test Assuming Unequal Variances: tcrit = 2.160, P = 0.028) (see Figure Al and A2). 

Microbial loads: nestlings treated with millipede secretion versus untreated 

nestlings: 

The ANOV A analysis showed a significant difference in bacterial numbers between 

nestlings treated with the millipede secretion and those treated with sterile saline (F2• 30 

= 23.02, P < 0.000 1). The Tukey test was used as a post hoc test to verify this result. I 

a 

b 

Figure A2: The difference in fungal concentrations found in occupied (a) versus unoccupied nests (b). 

found significantly higher bacterial numbers on untreated nestlings as opposed to 

treated nestlings on all days that samples were taken: day 0 vs. day I, p = 0.031; day 0 

vs. day 3, p < 0.0001; day 1 vs. day 3, p = 0.0097 (Figure A3.). I never found any 
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fungal spores on the nestlings, before or after the treatment, on the treated or control 

birds. Figure A3 clearly shows the continued decrease in bacterial numbers found 

between the scapulae of Monteiro's Hombill nestlings, even three days after the 

application of the millipede secretion 

350 -
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250 ... .., 
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E 200 ::I o Secretion t: 

~ DSaline ·c 150 ~ 
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'" co 
100 

50 
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Day 0 Day I Day 3 

Figure A3: Trends in bacterial numbers found on the 3cm2 area of naked skin between the scapulae of T. 

monteiri nestlings (n = 12; ANOV A: F2,3o = 23.02, P = 0.00097). 

* denotes a significant difference in bacterial numbers (p < 0.05) on treated versus untreated nestlings. 

Discuss ion: 

Microbial loads: occupied versus unoccupied nest-boxes: 

An enclosed nest cavity is the ideal environment for microbial population explosion: it 

is warm, humid, has plenty of decaying matter, such as faeces, feathers and food-stuffs, 

and contains young nestlings with undeveloped immune systems. Hombills also do not 
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