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SUMMARY 
 

The uropygial gland is a prominent feature of the 
avian anatomy but there is limited information on 
its structure and function. The gland is of current 
interest because it provides a source for volatile 
chemicals that can be used by birds in communi-
cation. We examined the anatomy of uropygial 
glands in Apteryx for the first time. The gland was 
located immediately caudal to the cloaca and sur-
rounding the coccygeal bone rather than rostral to 
the coccygeal bone and above the posterior free 
caudal vertebrae as in other birds. This may ex-
plain why it has not been recognised until relatively 
recently. Like most uropygial glands Apteryx’s 
were bilobar but possessed eight primary sinuses, 
each opening through its own orifice in the gland’s 
papilla. 

Primary ducts were compact and branches of 
connective tissue extending from the capsule inter-
nally formed interfollicular septae that were thicker 
in some areas, grouping follicles into discrete lob-
ules. Striated muscle was present in the capsule, a 
characteristic so far unique to Apteryx that may be 
used in controlling the expulsion of secretion. 
There were significant differences in the architec-
ture of the follicles between species and sexes that 
suggest differences in the production, storage and 

availability of uropygial gland secretion. This was 
supported by variations in live bird’s gland volume 
between two years of sampling. Atrophy of the uro-
pygial gland was seen in two birds in poor condi-
tion suggesting that health impacts the functioning 
of the gland. This finding suggests an adaptive 
significance for the gland and offers a possible 
way for birds to communicate their health status 
through the production or composition of the se-
cretion. More research is needed to fully under-
stand the relationship between the anatomy of the 
gland in Apteryx and its function, but we propose 
that it plays roles in both feather maintenance and 
sociality. 

 
Key words: Holocrine – Oil gland – Rump gland – 
Preen gland – Integumentary gland – Apterygidae 
 

 
INTRODUCTION 
 

The uropygial gland, also known as the oil gland, 
rump gland or preen gland (Jacob and Ziswiler, 
1982; Sadoon, 2011), is one of only three integu-
mentary glands found in birds. These skin glands 
are very few when compared to the array of integ-
umentary glands of reptiles and mammals (Quay, 
1972). The evolutionary origins of the uropygial 
gland are unknown. Homology between the uro-
pygial gland and reptilian glands is uncertain 
(Elder, 1954), although there seem to be phyloge-
netic relationships between uropygial gland secre-
tions and secretions produced by some reptilian 
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integumentary glands (Quay, 1972). Histologically, 
the avian uropygial gland is most similar to the 
mammalian sebaceous gland because of its holo-
crine structure (Wagner and Brood, 1975; King 
and McLelland, 1985; Sara et al., 2006). 

Externally, the uropygial gland is visible as an 
eminence generally located dorsomedially in the 
synsachrocaudal area, generally rostral to the py-
gostyle and above the posterior free caudal verte-
brae (Jacob and Ziswiler, 1982). The organ is gen-
erally bilobate, with ducts leading from the secreto-
ry tissue to the papilla and reaching the surface of 
the body through two or more orifices (Jacob and 
Ziswiler, 1982). The size, shape, number of circlet 
feathers, and proportions of the gland cells can 
vary greatly (Jacob and Ziswiler, 1982). The pa-
renchyma is composed of small follicles with inter-
twining ducts leading to primary sinuses. Second-
ary sinuses drain secretory product from follicles to 
primary sinuses for storage (Lucas and Stetten-
heim, 1972). In species in which the gland’s histol-
ogy has been studied it has four layers of cells 
within each follicle (germinative, intermediate, se-
cretory and degenerative) (Jacob and Ziswiler, 
1982; Chandrasekar et al., 1990; El-Bargeesy et 
al., 1995; Kale et al., 1999; Sunanda et al., 2001; 
Sawad, 2006; Onal et al., 2013; Shafiian and Mo-
bini, 2014; Chiale et al., 2014; Chiale et al., 2016; 
Harem et al., 2010; Kozlu, 2011). Many features of 
this gland remain a mystery, for example its inner-
vation, mode of secretion, and the expulsion of the 
secretion from the papilla (Jacob and Ziswiler, 
1982). 

Because of the oily nature of the secretion, wa-
terproofing and maintenance of feathers were its 
first postulated roles. However, research has 
shown that the role of the uropygial gland and its 
secretion may vary greatly between species. Ex-
periments by Elder (1954) supported a feather 
maintenance role (Stettenheim, 2000): removing 
the uropygial gland in ducklings of two species, he 
showed that the plumage of experimental birds 
deteriorated with age, and survival decreased 
compared to control birds, because the damage to 
the plumage exposed them to injury and disease. 
Salibian and Montalti (2009) did not find any differ-
ence in the size, degree of development of the 
gland and the bird’s relationship with water, sug-
gesting that it may not have a role in waterproof-
ing. Giraudeau et al. (2010) experimentally 
showed that when access to the uropygial gland 
was prevented for three months in a group of mal-
lards (Anas platyrhynchos), their plumage showed 
lower water-repellence compared to control birds. 
Arguably, this may have resulted from deteriora-
tion of the plumage with disruption to the micro-
structure of the feathers, which is the most com-
monly proposed strategy for waterproofing. 

In some birds the secretion may be involved in 
social cues; Kolattukudy and colleagues in 1987 
showed that the female mallard’s uropygial gland 

secretion contained a chemical which actively at-
tracted males during the mating season, and thus 
the composition of the secretion exhibited season-
ality. Likewise Hirao et al. (2009) found that the 
uropygial gland of female chickens (Gallus gallus 
domesticus) acts as a source of social odour cues. 
The uropygial gland secretion of blue petrels 
(Halobaena caerulea) has an individual signature 
and is used in conspecific recognition (Mardon et 
al., 2011). Starlings (Sturnus vulgaris) can identify 
the sex of conspecifics by using volatiles in their 
uropygial gland secretion (Amo et al., 2012). The 
uropygial gland secretion can be used in cosmetic 
colouration (Phoenicopterus roseus; Amat et al., 
2011) or incorporate toxic, unpalatable, and foul 
smelling chemicals that the bird applies to its plum-
age as a defence mechanism against predators 
(Martín-Vivaldi et al., 2009; Dumbacher et al., 
1992; Rajchard, 2010) or microbial parasites 
(Shawkey et al., 2003; Moyer et al., 2003; Chiale 
et al., 2014, 2015). 

To fully understand how the uropygial gland 
works and the possible effect of phylogeny on its 
structure and function, it is necessary that we ex-
amine the uropygial gland of different bird groups 
histologically and through cytochemistry. Recent 
studies for example are analysing information re-
garding the gland’s structure and chemical produc-
tion with the function (Chiale et al., 2014; Chiale et 
al., 2015), habitat (Chiale et al., 2016), and phylog-
eny of the study birds (Chiale et al., 2014). Of par-
ticular interest is the gland of Paleognathous birds 
as this group is basal to the entire Aves. Amongst 
the ratites, only adult Apterygidae (five species) 
and Tinamidae (c. 40 species) are known to have 
uropygial glands (Johnston, 1988; Jacob and 
Ziswiler, 1982). Interestingly, early authors did not 
realize that Apteryx had an uropygial gland until 
Beddard (1899) examined the gland in three speci-
mens, one of each Apteryx australis, A. haasti and 
A. Mantelli. Beddard (1899) described the gland as 
enormous but did not consider it to be bilobar. He 
found that the papilla had two inconspicuous nip-
ples and that these had two orifices each. No 
measurements were taken or other descriptions 
made although the author provides an illustration 
of a ventral and lateral view of the uropygial gland 
close to the cloaca. In this paper we provide the 
first detailed description of the anatomy, morpholo-
gy, and histology of the uropygial gland of Apteryx, 
and provide descriptions of some pathological 
changes that were observed in the uropygial gland 
of individuals of three Apteryx species. We discuss 
our findings in terms of the possible function of the 
gland. 

 
MATERIALS AND METHODS  
 
External morphometry 

We measured and photographed twice (in Febru-
ary/March 2008 and March 2009) the uropygial 
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gland of a set of 29 (15 male and 14 female) wild 
brown kiwi ( Apteryx mantelli; all species follow 
Burbidge et al. 2002) from Ponui Island, in the 
Hauraki Gulf, New Zealand (1770 ha; 36 55’, 175 
11’E). Nine additional birds (six females and three 
males) were sampled once in 2008. We recorded 
the following measurements: uropygial gland base 
length (rostral to caudal part of kiwi body) and 
width (side to side of Apteryx body); uropygial 
gland height from the point where the uropygial 
gland met the body to the tip of the papilla (Fig. 
1A). To determine an index of volume, the cone 
volume formula was used: v= 1/3*π*r

2*h; where r = 
{[(maximum length + maximum width)/2]/2)} and h 
= uropygial gland height. We also collected a sam-
ple of uropygial gland secretion (~35-70 µL) for 
another study by gently massaging the gland and 
collecting the secretion in a capillary tube. We rec-
orded the colour of the secretion as it appeared to 
the naked eye and whether it had a noticeable 
odour. 

 
Histology and pathology 

Uropygial glands of eight brown kiwi (two adult 
males, four adult females and two juvenile males; 
two captive and six wild), five wild great spotted 
kiwi (Apteryx haastii; one adult male, two sub-adult 
females and two juvenile females) and three wild 
Haast tokoeka (Apteryx australis var. Haast) (two 
juvenile males and one juvenile female) that died 
from a variety of causes unrelated to this study 
were sourced from birds submitted in fresh condi-
tion to Massey University’s Wildbase (New Zea-
land’s central wildlife hospital and wildlife patholo-
gy centre) between March 2011 and June 2012. 
Uropygial glands were dissected from carcasses 
with a tissue margin sufficient to include the sur-
rounding fat and connective tissue. This some-
times involved the inclusion of part of the coccyge-
al bone. The glands were fixed in 10% neutral 

buffered formalin. Each gland was cut in half sagit-
tally between the two papillae (Fig. 1B). One half 
was used to produce three pieces: a midline trim-
ming and two lateral trimmings (Fig. 1B) with the 
midline and outermost trimming used for data col-
lection. The other half we used for measuring 
length and depth of the gland’s lobes. We meas-
ured the maximum length and the maximum depth 
of the lobes (usually about 2/3rds craniodorsally 
from the papilla) including the capsule. 

Each trimmed section was embedded in paraffin, 
processed routinely and cut at 4µm on a rotary 
microtome. Blocks containing bone were decalci-
fied before being cut to avoid tearing the glandular 
region of tissue. Decalcification was undertaken in 
Osteomoll (Merck) overnight prior to processing. 
Slides were routinely stained with Haematoxylin 
and Eosin (HandE) and examined under a light 
microscope. Measurements of the glandular tissue 
were made with an Olympus ColourView - 5 Mega-
Pixel colour digital camera and an AnalySIS 5 soft-
ware-image analysis system. Masson’s trichrome 
and Van Gieson stains were used to identify con-
nective tissue and muscle, Sudan Black to identify 
lipid and Gram stain to identify bacteria. Tech-
niques for each stain followed procedures in Ban-
croft and Gamble (2008). 

The uropygial gland of seven brown kiwi and 
three great spotted kiwi were used to describe the 
normal uropygial gland histology. The uropygial 
gland of four birds (one brown kiwi, two great spot-
ted kiwi and one Haast tokoeka) showed patholog-
ical changes and were described separately. The 
remaining two tokoeka were not used for histologi-
cal measurements, but the length and depth of 
their gland’s lobes were taken. 
 
Histomorphometrics 

A longitudinal transect representing the maxi-
mum glandular diameter was made at 1.25x mag-

Fig 1. A) Brown kiwi uropygial gland (UG) from above showing how width and length were measured externally. In-
set: view of UG from the side, height was measured from the top of the papillae to the point where the UG meets the 
body of the bird. Cloaca = �.  B) Model illustrating histological sections produced from each UG - the two small cir-
cles in the middle represent papillae. C) H&E photomicrograph of the UG of a brown kiwi showing the longitudinal 
transect of maximum glandular diameter as a black line approximately in the middle of the picture.  
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nification (Fig. 1C). Measurements at 20x magnifi-
cation were taken of follicles in the secretory tissue 
which this transect intersected. The mean follicular 
diameter and mean luminal diameter of each folli-
cle were calculated. The number of cells contrib-
uting to the follicle cell layer along the line and 
their degree of vacuolation were recorded. Degree 
of vacuolation was determined by the amount of 
secretory products present in a cell: germinative 
cell = no secretory products present, intermediate 
cell = small vacuoles of secretion present, and se-
cretory cell = secretory products filled entire cyto-
plasm displacing nucleus to the side of the cell. 
 
Statistical analysis 

Live birds: A Mixed Model Repeated Measures 
Analysis (MMRMA) was carried out to investigate 
the effect of age (juvenile, adult) and sex (male, 
female) on uropygial gland volume for the sample 
of 29 Ponui Island brown kiwi that were measured 
twice. A model was built where bird identity was 
the repeated measure, and volume (year 1 vs. 
year 2) the dependent variable; age and sex were 
between subjects factors and tarsus measurement 
was used as a covariate to control for differences 
in size between the sexes (male brown kiwi are 
generally smaller than the females; Cunningham 
and Castro 2011). Uropygial gland volume data 
were not normally distributed (Shapiro-Wilkinson 
test [S-WT] = 0.87; P = 4.8E-6) so the data were 
log10 transformed to conform to normality (post-
transformation S-WT = 0.99; P = 0.90). 

We looked at the effect of age (chick, juvenile, 
adult), species (great spotted kiwi, brown kiwi, 
tokoeka), and sex (male, female) on the length and 
depth of the lobes using a multivariate general lin-
ear model with bird identification as WLS weight 
variable to account for variance in diameters at-
tributable to the different individual birds sampled. 
We used the same type of test to look at the effect 
of sex, age and species on the length and depth of 
the uropygial gland and on the proportions of each 
cell type in follicles. 

Data for lumen and follicle diameter were log 
transformed to make them conform to normality. 
We then fitted multivariate General Linear Models 
with log follicle and log lumen diameters as the 
dependent variables; section, age, and sex as fac-
tors and bird identification as WLS weight variable. 

To examine the predictive value of section, spe-
cies, age and sex on follicle architecture we car-
ried out individual negative binomial models with 
log link with total number of cells, number of germi-

native, number of intermediate and number of se-
cretory cells as dependent variables. 

Fig 2. Brown kiwi uropygial gland (UG) anatomical 
location and organisation. A) Position of the bird for 
measurements and photographs. B) UG showing dark 
melanin pigmentation spots on its surface. C) Ventral 
view of UG showing two lobes, a papilla, and uropygial 
circlet feathers. D) Inside of a lobe of a brown kiwi UG. 
Mid transverse section left and lateral sagittal section 
right. Four primary sinuses and some secondary sinus-
es are clearly visible. Scale = millimetres.  

Species Female       Male       

  Total Chick Juvenile Adult Total Chick Juvenile Adult 

BK 4 0 2 2 4 0 2 2 

GSK 2 1 1 0 1 0 0 1 

Table 1- Sex and age of specimens used for measuring follicle and lumen diameters and number/type of cells in follicles. BK = 
Brown kiwi; GSK = Great Spotted kiwi.  
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In all tests we examined main effects only be-
cause relatively few individuals of each species 
were used and therefore interactions were in most 
cases not present or a single individual was availa-
ble (Table 1). We used a P value of 0.006 to cor-
rect for multiple comparisons (nine) (Dunn 1961). 

All tests were carried out in IBM SPSS statistics 
23. 

 
RESULTS 
 
Morphology of the Apteryx uropygial gland 

Fig. 3.- Apteryx uropygial gland (UG) histology. A) H&E staining of a Tokoeka (left) and a great spotted kiwi (right) 
showing the histology of entire UG. SM = striated muscle; P = papilla; CB = coccygeal bone. B) H&E staining of 
brown kiwi UG Midline section. Follicle cell types: a) germinative cells; b) intermediate cells; c) secretory cells. C) 
Masson’s trichrome staining of brown kiwi UG: a) capsule; b) branching of interfollicular septae into glandular area c) 
neural tissue; d) follicle. D) Van Gieson staining of great spotted kiwi UG: a) striated muscle within the capsule of UG; 
b) secretory area. E) H&E staining of brown kiwi UG: a) glandular area; b) capsule c) smooth muscle; d) dermal colla-
gen. F) Sudan Black staining of brown kiwi UG lateral section showing lipids in the secretion staining black. G) Mas-
son’s trichrome staining of a brown kiwi UG showing extensive striated muscle bundles (SM) within the capsule (C). 
GT = glandular tissue. 
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The gland was located immediately caudal to the 
cloaca (Figs. 2A and B) and surrounding the coc-
cygeal bone (Fig. 2D). The uropygial gland was 
bilobar (Figs. 2C and D) with individual variation in 
shape and size of the gland. The external meas-
urements were (Average ± SD): height: 16.27 ± 
4.18mm; length: 18.77 ± 5.69 mm; width: 15.93 ± 
2.94 mm. Uropygial gland volume ranged from 
0.35 to 4.77 cm3 in 2008 (Median = 1.57); and 
from 0.27 to 2.97 cm3 in 2009 (M = 0.94). Mean 
uropygial gland volume was significantly higher in 
2008 than 2009 (paired t-test t = 5.8; df = 28; P 
<0.0001). Age (MMRMA, t = 0.102; df =25.16; P = 
0.92) and sex (MMRMA, t = 1.15; df =27.54; P = 
0.26) were not good predictors of uropygial gland 
volume. 

Each lobe of the gland had a papilla protruding 
from it and the transition from lobe to papilla was 
gradual with no clear division being visible (Figs. 
2C and D). Up to two small uropygial circlet feath-
ers were present at the top of the gland (Fig. 2C). 
Pigmentation of the uropygial gland consisted of 
freckling of the skin and was very prominent in 
some birds (e.g. Fig. 2B) but absent in others (Fig. 
2C). The exact freckle pattern was consistent year 
to year in individuals that possessed it. Pigmenta-
tion was significantly more common in females (10 
of 18) than males (5 out of 17; Chi square = 10.0; 
df = 2; P < 0.05). In addition, some birds had pig-
mented papillae but lacked pigmentation on the 
lobes of the uropygial gland; this was also more 
common in females (5/9) than males (1/12). Some 
glands presented a prominent forward extension 
we called cartilaginous protuberance (18/19 males 
and 14/18 females). 

The uropygial gland secretion had four different 
colorations easily discerned by eye: colourless, 
pale gold, gold, and ivory. Secretion colouration 
was not always consistent between years within 
the same individual; half of the birds sampled 
showed differences in secretion colour between 
2008 and 2009. The most common colour in both 
years was pale gold (14/30 and 18/34, in 2008 and 
2009 respectively), followed by gold (12/30 and 
7/34). The secretion was usually translucent but in 
two females (one adult, one juvenile) in 2008 it 
was turbid at one of the sampling periods (that 
looked ivory in colouration). 

There were no differences in the length and 
depth of the gland once dissected between spe-
cies, sexes or ages (Appendix 1) and the overall 
mean measurement was 21.73±2.67 for length 
and 13.32±2.35 for depth (mean ± SE). 
 
Histology of the Apteryx uropygial gland 

The glandular elements of the Apteryx uropygial 
gland were bound together by a connective tissue 
capsule. This capsule consisted of thick, branched, 
and linked collagen fibres visible with a Masson’s 
trichrome stain (Fig. 3). Bands of collagen and 
elastic fibres formed the interfollicular septae, pen-

etrating into the glandular area (Fig. 3C). Within 
the uropygial gland papilla was a connective tissue 
isthmus through which the primary ducts for secre-
tion of the glands contents ran (Fig. 3A). These 
ducts were of a compact type where connective 
tissue surrounding the ducts was dense causing 
them to be narrow (Jacob and Ziswiler, 1982). 
Small nerves penetrated both the capsule and in-
terfollicular septae (Fig. 3C) and could be related 
to expulsion of the secretion from the gland. There 
was smooth muscle both around (Fig. 3E) and 
within the capsule but not always extending into 
the interlobular septae as only thin strips of colla-
gen separated the follicles. Large bundles of striat-
ed muscle were present within the capsule on the 
dorsal aspect of the gland (where it meets the 
body) surrounding both lobes (Figs. 3A, D and G). 

Each of the two uropygial gland lobes possessed 
four distinct primary sinuses. Each of these sinus-
es was associated with its own primary duct (Fig. 
3A). There were no cross-channel connections 
between primary ducts therefore the secretion has 
to be expelled through individual orifices. In total 
therefore, there were eight orifices (duct openings) 
in the papillae; four for each lobe of the gland. 
Each lobe was elongated and sat ventral and lat-
eral to the coccygeal bones which curve cranio-
ventrally beneath the body (Fig. 2D). The paren-
chyma predominated at the base of its associated 
sinus (Fig. 2D). Sudan Black staining revealed the 
presence of dense sudanophilic lipids within the 
lumen of many follicles (Fig. 3F). 

Within follicles, three separate cell types were 
identified; ‘germinative’, ‘intermediate’, and 
‘secretory/degenerative’ (Fig. 3B). The germinative 
layer was between 1-3 cells thick, and consisted of 
cells with dense basophilic nuclei and a uniform, 
eosinophilic cytoplasm indicating that very little 
secretion had accumulated. These cells were pre-
dominantly flattened, cuboidal, or a transition be-
tween the two (Fig. 3B-a). The intermediate layer 
was more variable and thickness ranged from 3-8 
cells. Similar to descriptions by Jenik et al. (1987) 
for other species, intermediate cells were most 
commonly polyhedral and had small vacuoles of 
secretion within their cytoplasm. They could be 
distinguished from the secretory cells by their cen-
trally located nuclei (Fig. 3B-b). The secretory lay-
er ranged from 1-3 cells thick. The secretory cells 
were clearly vacuolated and all the cytoplasm was 
filled with secretory products (Figs. 3B-c and 3F). 
In these cells nuclei were displaced peripherally. 
These cells corresponded to those of the secretory 
and degenerative areas described by Jacob and 
Ziswiler (1982), although the degenerative cells 
were much flatter, smaller and more disrupted than 
the underlying secretory cells as described by 
Jenik et al. (1987) for other species. In this study 
we did not separate between secretory and degen-
erative layers because cells in the degenerative 
layer were rarely seen as once apoptosis had oc-
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curred cellular debris was lost to the lumen (Fig. 
3F). 

 
Histomorphometrics of healthy uropygial 
glands 

There was no effect of section in the diameter of 
follicles and lumen (Table 2). The single sampled 
chick had significantly smaller average lumen and 
follicular diameters than the juveniles and juveniles 
had significantly smaller diameters than adults 
(Table 2). Great spotted kiwi had significantly larg-
er lumen average diameter than brown kiwi (Table 
2). Males had larger follicular diameter than fe-
males and females had larger lumen diameter 
than males (Table 2). 

Age was a good predictor of the number of cells 
in each follicle with the chick having significantly 
less cells in follicles than juveniles and juveniles 
less than adults (Tables 3 and 4). When each lay-
er was looked at individually, the chick had 50% 
less germinative and intermediate cells than adults 
and juveniles. Interestingly, there was no signifi-
cant age difference in the secretory layer, but spe-
cies (great spotted kiwi had more) and sex (males 
had more) were both significant predictors of cell 
numbers in this layer (Tables 3 and 4). When we 
examined the proportion of each cell type within 
the follicles we found no effect of section therefore 
we rerun the model excluding this factor. There 
were significant effects of species, sex, and age 
on proportions of cell types (Table 5). Males had a 
greater proportion of cells in the germinative and 
intermediate layers and lesser in the secretory lay-
er than females. Brown kiwi had proportionally 
more germinative and intermediate cells than great 
spotted kiwi and GSK had proportionally more se-
cretory cells. The single chick sampled had pro-
portionally more intermediate cells than adults and 
juveniles. Juveniles had proportionally more germi-
native and less intermediate and secretory cells 
than adults (Table 6). 
 
Pathological findings in Apteryx uropygial 
glands 

Cases one and two: Atrophy of the uropygial gland 
Two cases of uropygial gland atrophy were ob-

served, both occurring in sub-adult female great 
spotted kiwi. The first female was brought to the 
Wildbase hospital from the wild in an emaciated 
state. During her short time in captivity she pro-
gressively lost weight and at necropsy weighed 
780 g (healthy weight for a sub-adult female great 
spotted kiwi ranges between approximately 800 g 
and 1200 g; Robertson et al., 2003). Starvation 
was diagnosed as the cause of death in this bird. 
She exhibited minimal epicardial fat reserves and 
had very little slightly reddened subcutaneous fat. 
The gastrointestinal tract was empty but helminths 
or coccidia were not found, nor were any patho-
genic bacteria cultured from intestinal contents. 
The uropygial gland showed severe generalised 

atrophy of epithelial elements (Fig. 4A-a). 
The second sub-adult female had been translo-

cated from Riccarton Bush to North Canterbury, 
but died nine days after release. She had no epi-
cardial or subcutaneous fat reserves and had se-
vere generalised muscle atrophy. The lungs were 
very dark red in colour and contained several 3-5 
mm yellow areas of necrosis. On histopathology, 
the lungs showed a severe mycotic bronchopneu-
monia. Macrophages, lymphoid cells and multinu-
cleate giant cells filled airways and air capillaries 

Fig 4. Pathology in the Uropygial Gland (UG) of Apter-
yx. Cases 1 and 2: H&E staining showing atrophy of 
the UG in great spotted kiwi; a) Follicle numbers and 
epithelial thickness reduction; b) Follicles presenting 
severely reduced epithelial thickness and expanded 
lumina. Case 3: H&E staining of the uropygial papilla 
in a female brown kiwi showing hyperkeratosis (h) and 
pustule (p) formation (w) heterophil infiltration of the 
dermis. Case 4: H&E staining showing localized adeni-
tis of a Haast Tokoeka UG 1) ventral UG sinus filled 
with necrotic keratinaceous debris (arrow); 2) Gram 
stain of ventral UG sinus filled with necrotic keratina-
ceous debris and clumps/pairs/singles of Gram-
positive cocci (arrows); 3) H&E staining showing se-
vere diffuse hyperkeratosis, squamous metaplasia, 
and hyperplasia of affected glandular epithelium 
(arrow); 4) H&E staining showing numerous epithelial 
pegs extending from the base of the epithelium into the 
surrounding connective tissue (arrow). 
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and often surrounded necrotic foci containing large 
numbers of branching septate fungal hyphae typi-
cal of Aspergillus sp. The uropygial gland showed 
moderate generalised atrophy; the follicles 
throughout the gland were reduced in number and 
their lumina were diffusely expanded (Fig. 4A-b). 
The follicular epithelium was markedly attenuated 
with no secretory cells present. Chronic mycotic 
bronchopneumonia due to Aspergillus sp. was di-
agnosed as the most likely cause of death. 

Case three: Pustular dermatitis involving the uro-
pygial gland 

An adult female brown kiwi was found injured 
close to a road. She was taken into care and un-
derwent surgery to fix broken toes. Following this 
she was placed in a small outside run where she 
appeared to be doing well until she was found 
dead a week later. 

Gross examination revealed that the bird was in 
good body condition with adequate internal fat re-
serves. There was a small amount of free blood in 

the abdomen and left thoracic cavity and a large 
clot of blood covered the ventral surface of the 
proventriculus and gizzard. The left lung was firm 
in texture and both lungs presented with hyperae-
mia. In addition the adrenal glands were enlarged 
bilaterally. 

Histopathology showed a severe diffuse bacterial 
ventriculitis which was thought to be the primary 
cause of death. The gizzard had largely lost the 
koilin layer and the underlying glands were dis-
tended with eosinophilic pyknotic debris, degener-
ate heterophils, and large numbers of bacteria 
streaming into the lumen. The lamina propria, sub-
mucosa, muscle layers, and serosa all contained 
moderate numbers of infiltrating heterophils. Bac-
teria present in the deep glands were Gram-
negative, short rods, while bacteria within the su-
perficial layers of remaining koilin were a mixture 
of Gram-negative, short rods and Gram-positive, 
medium sized rods. The lung showed an acute 
bronchopneumonia associated with aspirated koil-

 Source 
Dependent 

Variable (log) 
Type III Sum of 

Squares  df  Mean Square  F  P-value 
Average 

(µm) 
Standard 

error 

Corrected FD 160145.32b 5 32029.06 34.31 0.000     

Model LD 309649.55c 5 61929.91 12.21 0.000     

 Intercept  
FD 149762806.85 1 149762806.85  160444.33  0.000 

LD 77707991.17 1 77707991.17 15323.56 0.000 

 Section   

FD 5.18 1 5.18 0.01 0.941  
201.37 
201.37 

1.02 
1.02 

LD 6750.62 1 6750.62 1.33 0.249  46.99 
44.36 

1.04 
1.04 

 Species 
(BK/GSK) 

FD 1532.17 1 1532.17 1.64 0.200  
239.90 
203.71 

3.28 
5.15 

LD 113089.36 1 113089.36 22.30 0.000  62.15 
71.25 

2.09 
3.41 

 Sex (F/M)   

FD 10695.95 1 10695.95 11.46 0.001  208.98 
251.24 

3.43 
4.27 

LD 91106.76 1 91106.76 17.97 0.000  68.17 
61.08 

2.48 
2.56 

 FD 60365.49  2  30182.75  32.34 0.000  
165.01 
220.06 
246.98 

5.56 
5.00 
3.64 

 LD  234078.46   2  117039.23   23.08  0.000  
52.98 
63.51 
67.44  

3.70 
3.39 
2.39 

Error FD 880220.13  943 933.43      

 LD 4782088.07  943 5071.14      

Total FD 242915039.66  949      

  Age 

 LD 130406004.41  949      

Corrected FD 1040365.45  948      

Total LD 5091737.62  948      

Table 2. Results of a multivariate general linear model examining the effects of section (midline, lateral), age (Ch = chick, J = juveni-
le, A = adult) species (BK = Brown kiwi; GSK = Great Spotted kiwi), and sex (male, female) on mean follicle (FD) and lumen (LD) 
diameter. In bold = significant effect after Bonferroni correction (p £ 0.006).  
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in and bacteria. Occasional small parabronchial 
and pleural granulomas were also present. 

An acute superficial dermatitis was present in the 
skin of the papilla of the uropygial gland. Superfi-
cial epithelial cells showed multifocal ballooning 
degeneration and heterophil infiltration of the stra-
tum spinosum and the upper dermis was promi-
nent. Between the stratum corneum pustule for-
mation occurred in several areas extending into 
the stratum spinosum of the papilla (Fig. 4B-c and 
d). In addition to the pustule formation, there was 
extensive hyperkeratosis of the papilla (Fig. 4B-c 
and d). 

Case four: Uropygial gland adenitis 
A sub-adult male Haast tokoeka was found dead 

under thick vegetation in a reserve in the West 
Coast region of New Zealand’s South Island. The 
carcass was in moderate to poor body condition 
with gelatinous reddening of the remaining subcu-
taneous fat reserves. On gross examination the 
coelomic cavity contained a large amount of dark 
yellow, turbid and flocculent fluid. Numerous thick 
plaques of yellow fibrinous material was adherent 
to most of the ventral body wall, the heart, left tho-
racic air sac, left liver lobe, the ventral aspect of 
the gizzard and proventriculus, and the serosal 
surfaces of the small and large intestines. The 
lungs were diffusely deep red, glistening and 
slightly swollen. The cause of death was diag-

nosed as a severe fibrinous coelomitis due to bac-
terial infection, possibly from an ingested foreign 
body which penetrated the wall of the gizzard 
where the infection was localised. 

Histopathology revealed a localised adenitis 
(inflammation) in the uropygial gland ventral lobes. 
The ventral uropygial gland sinus was filled with 
necrotic keratinaceous debris (Fig. 4C) which con-
tained numerous and widely distributed Gram-
positive cocci. These bacteria were predominantly 
arranged in clumps although a few were scattered 
individually or in pairs (Fig. 4C-f). The surrounding 
glandular epithelium showed severe diffuse hyper-
keratosis, squamous metaplasia, and hyperplasia 
(Figs. 4C-g and h). Some areas of the gland 
showed numerous epithelial pegs extending from 
the base of the uropygial gland epithelium into the 
surrounding connective tissue (Fig. 4C-h). At the 
base of the epithelium moderate numbers of infil-
trating lymphocytes were present. Intraepithelial 
migrating granulocytes were also seen as well as a 
hyperplastic nodule of lymphocytes surrounding a 
capillary in the adjacent connective tissue. 

 
DISCUSSION 
 

This investigation has revealed that the uropygial 
gland of the Apteryx species studied differs mark-
edly from that of all other birds examined to date, 
but it is similar between Apteryx species. Unlike 

    Factors   
  Mean 
Number 

  Stand
ard 

Error 

95% Wald CI     Mean 
Number 

  Stand-
ard 

Error 

95% Wald CI   

Lower Upper Lower Upper 

Section Middle 6.37 .345 5.73 7.09 Section Middle 2.14 .135 1.90 2.43 

  Lateral 6.42 .379 5.72 7.21   Lateral 2.14 .144 1.88 2.45 

Species BK 6.17 .378 5.47 6.95  Species BK 2.40 .168 2.09 2.75 

  GSK 6.64 .456 5.80 7.60   GSK 1.91 .151 1.64 2.23 

 Sex 
Female 
Male 

5.82 
7.03 

.306 

.456 
5.25 
6.19 

6.45 
7.99  Sex 

Female 
Male 

2.08 
2.21 

.126 

.162 
1.85 
1.91 

2.35 
2.55 

  Chick 5.86 .705 4.63 7.42   Chick 1.41 .205 1.06 1.87 

Age Juvenile 6.59 .398 5.85 7.41 Age Juvenile 2.47 .165 2.16 2.81 

  Adult 6.79 .430 6.00 7.69   Adult 2.84 .195 2.48 3.24 

Germinative  Secretory           

 Section 
Middle 
Lateral 

.86 

.72 
.068 
.062 

.74 

.61 
1.01 
.85 Section 

Middle 
Lateral 

2.64 
3.96 

.174 

.287 
2.32 
3.43 

3.01 
4.56 

Species BK GSK 
0.77 
0.8 

0.067 
0.078 

0.65 
0.67 

0.92 
0.97 Species BK GSK 

2.54 
4.12 

.147 

.288 
2.27 
3.59 

2.85 
4.72 

 Sex 
Female 
Male 

.82 

.76 
.062 
.070 

.71 

.63 
.95 
.91  Sex 

Female 
Male 

2.54 
4.12 

.147 

.288 
2.27 
3.59 

2.85 
4.72 

  Chick .46 .084 .32 .66   Chick 4.01 .506 3.13 5.14 

Age Juvenile .87 .069 .75 1.02 Age Juvenile 3.32 .219 2.92 3.78 

 Adult 1.23 .102 1.04 1.44   Adult 2.54 .177 2.21 2.91 

  Factors     

Table 3. Parameter estimates for each of the factors tested in a Negative Binomial Model (Table 4). The mean is the average num-
ber of total cells, germinative cells, intermediate cells and secretory cells in a transect line across the follicles of Uropygial glands in 
this study. In bold are factors found significant. 
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most birds, the Apteryx uropygial gland was locat-
ed at the end of the coccygeal bone and surround-
ing it, with the papillae pointing ventrally towards 
the cloaca. The gland was bilobar with eight prima-
ry sinuses, four per lobe of the gland. Each prima-
ry sinus was clearly associated with its own orifice, 
making eight openings in the papillae. In all Apter-
yx studied, the uropygial gland had little smooth 
muscle within the interlobular septae or interfollicu-
lar septae. Unlike in other birds (Jacob and 
Ziswiler, 1982) we found striated muscle within the 
capsule around the caudoventral part of the gland. 
The Apteryx uropygial gland’s absolute size is sim-
ilar to that of their relative, the Red-winged tina-
mou (Rhyncotus rufescens), and species in the 
orders Anseriformes, Phoenicopteriformes, Fal-
coniformes and Galliformes (when comparing 
measurements of entire lobes, as measured by 
Jacob and Ziswiler, 1982). 

The uropygial glands of approximately 16% of 
avian species representing all orders have been 
examined so far and in most of them the uropygial 

gland has two lobes, each with its own primary 
sinus and associated primary duct. Exceptions 
include the hoopoe (Upupa epops) which has 
three lobes which empty into a papilla that has one 
broad orifice (Jacob and Ziswiler, 1982; Martín-
Vivaldi et al., 2009) and the European nightjar 
(Caprimulgus europaeus) with only one lobe 
(Jacob and Ziswiler, 1982). Jacob and Ziswiler 
(1982) described bird species that have more than 
two orifices within the papillae of the uropygial 
gland. In these species they found that the sec-
ondary sinuses led to the base of the papilla (no 
primary sinuses existed) where associated ducts 
continued through the papilla, opening at individual 
orifices. In the Apteryx, however, primary sinuses 
were apparent and these areas were large and 
had many secondary sinuses running into the pa-
renchyma. Having many openings may allow the 
birds to obtain a larger amount of secretion from 
the gland while preening. A higher flow rate, how-
ever, would indicate a need for an increased 
amount of secretion synthesis and raises the pos-
sibility that birds with more than two orifices in the 
uropygial gland may have differences in the cellu-
lar composition of the glands. The size and num-
ber of the storage sinuses in Apteryx uropygial 
gland suggests that large amounts of secretion 
may sometimes be available at one time and this 
is supported by changes in the volume we found 
between years in the same individual birds. These 
differences in volume may be associated with 
costs of producing the secretion being higher 
some years and/or higher use of secretion in some 
years or seasons or under particular environmental 
or hormonal conditions. It is also interesting to note 
that most bird species with more than two orifices 
in the uropygial gland are associated with aquatic 
habitats (members of the Procellariidae, Pha-
lacrocoracidae, Sulidae, Laridae, Sternidae, Pele-
canidae, Phoenicopteridae, Ciconiidae, Gruidae, 
Alcidae), with exception of Geronticus eremita a 
member of the family Threskiornithidae that inhab-
its alpine, semi-desert or rocky habitats 
(Kumerloeve, 1984). 

However, Apteryx species are not aquatic but, 
like Geronticus ermita, live in a wide range of ter-
restrial habitats including temperate rain forests, 
alpine and coastal areas, as well as (but not pre-
dominantly) swampy habitats. Based on our find-
ings and these comparisons, we suggest that the 
large uropygial gland in Apteryx species. as well 
as the differences in volume may be related to 
maintenance of feathers associated with Apteryx’s 
niche and the very wet conditions found in New 
Zealand’s rain forests where these birds evolved. 
Apteryx feathers are hair-like; lacking the barbules 
that maintain stiff structure of feathers in other avi-
an taxa. Maintaining insulating feathers in a damp 
environment, both directly above and below the 
ground in roosting and nesting burrows, may re-
quire much oiling. This proposition is supported by 

Cell type Source 
Wald Chi-

Square df Significance 

All cells (Intercept) 1767.66 1 0.000 

  Section 0.01 1 0.911 

  Species 0.60 1 0.440 

  Sex 5.83 1 0.016 

  Age 0.98 2 0.613 

Germinative (Intercept) 12.752 1 0.000 

  Section 3.538 1 0.060 

  Species .100 1 0.751 

  Sex .564 1 0.453 

  Age 24.483 2 0.000 

Intermediate (Intercept) 212.775 1 0.000 

  Section .000 1 0.995 

  Species 4.549 1 0.033 

  Sex .469 1 0.494 

  Age 16.266 2 0.000 

  (Intercept) 212.775 1 0.000 

Secretory (Intercept) 639.854 1 0.000 

  Section 2.191 1 0.139 

  Species 15.326 1 0.000 

  Sex 29.604 1 0.000 

  Age 13.047 2 0.001 

Table 4. Results of Negative binomial with log link models. 
Dependent variables are numbers of cells in each cell type 
category. Factors examined: section (midline, lateral), age 
(chick, juvenile, adult) species (GSK, BK), and sex (male, 
female). In bold = significant effect after Bonferroni correction 
(p ≤ 0.006). 
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our finding that the great spotted kiwi, a species 
that lives in the wet cold mountains of the South 
Island, has a significantly larger follicle lumen di-
ameter and more secretory cells than brown kiwi, 
a species living in comparatively drier conditions in 
the North Island. Another non-mutually exclusive 
possibility is that Apteryx use the secretion of this 
gland for social purposes as suggested by Castro 
et al. (2010). Great spotted kiwi, a cooperative 
breeder, may require larger amounts of secretion 
for their social interactions than brown kiwi a pre-
dominately socially monogamous species. It was 
interesting that the only kiwi chick, a female great 
spotted kiwi, despite having less cells overall when 
compared with older birds, had similar numbers of 
secretory cells and proportionally a large number 
of cells in the intermediate layer. Maintenance of 
feathers for warmth is crucial for the chicks of pre-
cocial species, and we suggest that the Apteryx 

uropygial gland may have adaptations to ensure 
enough oil is produced at all life stages. 

The presence of smooth and striated muscle in 
the capsule of the Apteryx uropygial gland may be 
of some benefit in expelling secretion from the 
gland, especially the striated muscle which could 
be contracted voluntarily. Studies of the internal 
and external musculature surrounding the uropygi-
al gland of birds are scarce. Lucas and Stetten-
heim (1972) and Jacob and Ziswiler (1982) provide 
brief descriptions, but these are very general. Lu-
cas and Stettenheim (1972) discovered the pres-
ence of smooth muscle within the papilla region of 
the uropygial gland in the chicken and stated that 
an important function of these transverse muscles 
is expansion of duct lumen. Thus, muscular con-
traction in the chicken causes the opening of the 
primary ducts, aiding in expulsion of secretion from 
the gland. 

Tests of Between-Subjects Effectsa 

  Dependent Variable 
Proportion of cells  Type III Sum of Squares  df Mean 

Square  F  Sig. 

  Germinative 9.390b 4 2.348 18.185 0.0000 

Corrected Model Intermediate 46.941c 4 11.735 54.479 0.0000 

  Secretory 77.923d 4 19.481 76.557 0.0000 

  Germinative 104.369 1 104.369 808.481 0.0000 

Intercept Intermediate 928.244 1 928.244 4309.205 0.0000 

  Secretory 867.996 1 867.996 3411.153 0.0000 

  Germinative 1.119 1 1.119 8.671 0.0030 

Species Intermediate 9.29 1 9.29 43.127 0.0000 

  Secretory 16.974 1 16.974 66.706 0.0000 

  Germinative 6.35 1 6.35 49.188 0.0000 

Sex Intermediate 11.194 1 11.194 51.964 0.0000 

  Secretory 34.26 1 34.26 134.64 0.0000 

  Germinative 3.328 2 1.664 12.89 0.0000 

Age Intermediate 40.07 2 20.035 93.008 0.0000 

  Secretory 53.602 2 26.801 105.326 0.0000 

  Germinative 121.864 944 0.129     

Error Intermediate 203.347 944 0.215     

  Secretory 240.209 944 0.254     

  Germinative 246.183 949       

Total Intermediate 1175.67 949       

  Secretory 1570.635 949       

  Germinative 131.254 948       

Corrected Total Intermediate 250.288 948       

  Secretory 318.131 948       

Table 5. Results of a multivariate general linear model examining the effects of age (Ch = chick, J = juvenile, A = adult) species (BK 
= Brown kiwi; GSK = Great Spotted kiwi), and sex (female, male) on the proportion of each cell (Germinative, Intermediate and 
Secretory) category. In bold = significant effect after Bonferroni correction (p ≤ 0.006). 

a Weighted Least Squares Regression - Weighted by bird ID; b R Squared = .072 (Adjusted R Squared = .068); c R Squared = .188 
(Adjusted R Squared = .184); d R Squared = .245 (Adjusted R Squared = .242)  
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Jacob and Ziswiler (1982) suggested that the 
striated muscle of the tail region can have both 
direct and indirect effects on expulsion of secretion 
from the uropygial gland. In some species, for ex-
ample the common loon (Gavia immer), 80% of 
the levator caudae muscle fibres attach to the cap-
sule of the uropygial gland and just 20% to the 
bones of the vertebral column. Contractions of this 
muscle cause lateral and lift movements of the tail, 
and longitudinal extension of the uropygial gland 
(Jacob and Ziswiler, 1982). In the Apteryx the 
presence of striated muscle, both around the coc-
cygeal region and in the caudoventral capsule sur-
rounding the gland, may relate to these observa-

tions. Video recordings of brown kiwi on our study 
site (Cunningham and Castro, 2011) show that 
they are able to control the spread of their rump 
feathers when defecating and preening, and we 
suggest that they may be able to use these move-
ments to expel uropygial gland secretion. 

Histological characteristics of the follicle cell lay-
ers in Apteryx were similar to other species in 
which follicles have been described, including the 
osprey (Pandion haliaetus) (Harem et al., 2010), 
moorhen (Gallinula chloropus) (Sawad, 2006), Eu-
ropean starling (Sadoon, 2011), and chicken 
(Lucas and Stettenheim, 1972). Male and female 
Apteryx had similar number of cells contributing to 

Estimates a                 

 Dependent 
Variable  Species  Mean 

Std. 
Error 

 95% 
CI    Species 

Mean 
Differ-
ence 

Std. 
Er-
ror 

 Signific
ance 

95% CI for Differ-
ence 

  
Proportion of 
cells 

      
Lower 
Bound 

Upper 
Bound         

Lower 
Boun

d 

Upper 
Boun

d 

Germinative BK 0.16 0.01 0.15 0.18 vs GSK .034* 0.01 0.003 0.01 0.06 

Intermediate BK 0.48 0.01 0.46 0.51   .099* 0.02 0.000 0.07 0.13 

Secretory BK 0.35 0.01 0.33 0.38   -.134* 0.02 0.000 -0.17 -0.10 

Germinative GSK 0.13 0.01 0.11 0.14 vs BK -.034* 0.01 0.003 -0.06 -0.01 

Intermediate GSK 0.39 0.01 0.37 0.40   -.099* 0.02 0.000 -0.13 -0.07 

Secretory GSK 0.49 0.01 0.47 0.51   .134* 0.02 0.000 0.10 0.17 

Germinative Female 0.10 0.01 0.09 0.12 vs Male -.083* 0.01 0.000 -0.11 -0.06 

Intermediate Female 0.38 0.01 0.36 0.40   -.110* 0.02 0.000 -0.14 -0.08 

Secretory Female 0.52 0.01 0.50 0.54   .193* 0.02 0.000 0.16 0.23 

Germinative Male 0.19 0.01 0.17 0.20 vs Female .083* 0.01 0.000 0.06 0.11 

Intermediate Male 0.49 0.01 0.47 0.51   .110* 0.02 0.000 0.08 0.14 

Secretory Male 0.32 0.01 0.30 0.35   -.193* 0.02 0.000 -0.23 -0.16 

Germinative Chick 0.19 0.01 0.16 0.21 vs Juvenile .036* 0.02 0.056 0.01 0.07 

            vs Adult .083* 0.02 0.000 0.05 0.12 

Intermediate Chick 0.60 0.02 0.56 0.63 vs Juvenile .271* 0.02 0.000 0.23 0.31 

            vs Adult .215* 0.02 0.000 0.17 0.26 

Secretory Chick 0.22 0.02 0.18 0.25 vs Juvenile -.307* 0.02 0.000 -0.35 -0.27 

            vs Adult -.299* 0.02 0.000 -0.35 -0.25 

Germinative Juvenile 0.15 0.01 0.14 0.16 vs Chick -.036* 0.02 0.056 -0.07 -0.01 

            vs Adult .047* 0.01 0.000 0.02 0.07 

Intermediate Juvenile 0.33 0.01 0.31 0.35 vs Chick -.271* 0.02 0.000 -0.31 -0.23 

            vs Adult -.055* 0.02 0.001 -0.09 -0.03 

Secretory Juvenile 0.53 0.01 0.51 0.55 vs Chick .307* 0.02 0.000 0.27 0.35 

            vs Adult 0.008 0.02 1.000 -0.03 0.04 

Germinative Adult 0.10 0.01 0.08 0.12 vs Chick -.083* 0.02 0.000 -0.12 -0.05 

            vs Juvenile -.047* 0.01 0.000 -0.07 -0.02 

Intermediate Adult 0.38 0.01 0.36 0.41 vs Chick -.215* 0.02 0.000 -0.26 -0.17 

Pairwise comparisons a   

      vs Juvenile  .055*  0.02 0.000 0.03 0.09 

Secretory Adult 0.52 0.01 0.49 0.54 vs Chick  .299*  0,02 0.000 0.25 0.35 

      vs Juvenile  -0.008  0.02 1.000 -0.04 0.03 

Table 6. Basic statistics and pairwise comparisons for the proportion of the types of cells composing the follicle tissue according to 
age (Ch = chick, J = juvenile, A = adult) species (BK = Brown kiwi; GSK = Great Spotted kiwi), and sex (female, male). In bold signif-
icant comparisons after Bonferroni correction (p ≤ 0.006). 

* The mean difference is significant at the .05 level. a Weighted Least Squares Regression - Weighted by bird ID 
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their follicular epithelium. However, there were 
significant differences in the diameter of follicles 
and lumen as well as the proportions of cells within 
the follicles. This could have implications for the 
amount and/or composition of the secretion pro-
duced as more cells are likely to result in in-
creased secretion, and larger lumen may repre-
sent more storage or production of secretion.  Sex-
specific differences in follicular epithelia may also 
suggest a social role for the uropygial gland secre-
tion that is more strongly selected in one of the 
sexes and requires further research. 

Pathological changes were found in the uropygial 
glands of a high proportion of birds examined his-
tologically in this study. This can probably be ex-
plained by the fact that samples were obtained 
from a veterinary centre to which Apteryx carcass-
es were sent by conservation authorities for nec-
ropsy. Many of these individuals will have died 
from disease-related causes, and therefore the 
high proportion of uropygial glands showing patho-
logical changes is unlikely to represent the situa-
tion in the Apteryx population as a whole. In all 
cases, cause of death was not specifically related 
to pathology of the uropygial gland. Rather, sys-
temic illnesses seem to affect the uropygial gland 
in Apteryx and this in turn has implications on the 
overall condition of the bird – both physically and 
ecologically. For example, birds with atrophied 
glands may lose feather condition and be more 

prone to skin infections, cold, or ectoparasites. A 
decrease in gland function may affect social inter-
actions through reduced secretion production or 
secretion composition and Apteryx may use this to 
assess the health status of conspecifics. Avian pox 
has recently been reported in brown kiwi (Ha et al., 
2011); and our discovery of pustular dermatitis of 
the uropygial gland in an adult female brown kiwi 
may be an early indication of this disease. 

Pustular formation has been associated with avi-
an pox virus in a variety of birds (Yoshikkawa and 
Alam, 2002). 

Both the innervation and mechanism for the ex-
pulsion of secretion and the control of secretion 
synthesis require further investigation in Apteryx. 
Few studies have examined the role of hormones 
in the control of secretion production in any bird 
species. In the pigeon, treatment with the hormone 
estriol resulted in inhibition of uropygial gland ac-
tivity (Manna et al., 1983) while in mallards, estra-
diol increased the number of peroxisomes 
(associated with fat biosynthesis; Sara et al., 2006) 
within uropygial gland secretory cells and conse-
quently enhanced fatty acid diester biosynthesis 
(Bohnet et al., 1991). Furthermore, hormones con-
trol the synthesis of secretion in sebaceous glands 
of mammals (Schneider and Paus, 2010) and 
knowledge of the hormonal status of birds could 
reveal key information regarding the gland’s func-
tion. 

Appendix 1. Results of a multivariate general linear model (including basic statistics) examining the effects of age (Ch = chick, J = 
juvenile, A = adult) species (BK = Brown kiwi; GSK = Great Spotted kiwi), and sex (female, male) on the length and depth of the 
uropygial gland. 

Source 
Depend-
ent Vari-
able 

Type III 
Sum  of 
Squares 

df Square       
Depend-
ent Varia-
ble 

Factors Mean 
Std. 
Error 

95% Cl 

Lower 
Bound 

Upp 
Bound 

Corrected 
Model   

Length 500.235b 5 100.05 1.65 0.221   

  Length   

GSK 23.99 2.81 17.86 30.12 

Depth 253.529c 5 50.71 1.08 0.419   BK 20.97 2.75 14.99 26.95 

Intercept   
Length 4001.59 1 4001.59 66.04 0.000   Tokoeka 20.22 3.25 13.14 27.31 

Depth 1502.57 1 1502.57 32.01 0.000   

  Depth   

GSK 14.39 2.48 9.00 19.78 

Species   
Length 195.08 2 97.54 1.61 0.240   BK 12.63 2.42 7.37 17.90 

Depth 61.20 2 30.60 0.65 0.539   Tokoeka 12.92 2.86 6.69 19.16 

Sex   
Length 2.82 1 2.82 0.05 0.833   

  Length 
Female 21.59 2.59 15.74 27.44 

Depth 3.13 1 3.13 0.07 0.801   Male 21.87 2.82 15.72 28.02 

Age   
Length 209.56 2 104.78 1.73 0.219   

  Depth 
Female 13.16 2.36 8.02 18.31 

Depth 141.22 2 70.61 1.50 0.261   Male 13.47 2.49 8.05 18.88 

Error   
Length 727.12 12 60.59       

Length 

Chick 14.48 7.95 -2.84 31.80 

Depth 563.33 12 46.94   Juvenile 24.53 1.01 22.32 26.74 

Total   
Length 107797.57 18     Adult 26.18 1.07 23.85 28.50 

Depth 36304.22 18     

  Depth   

Chick 10.58 7.00 -4.67 25.82 

Length 1227.35 17     Juvenile 13.70 0.89 11.76 15.65 

Depth 816.85 17     Adult 15.66 0.94 13.62 17.71 

Corrected 
Total   
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Uropygial glands appear to be absent in paleog-
naths other than Apteryx and tinamous. Future 
studies should therefore aim to investigate the his-
tological organisation and structure of the uropygi-
al gland of Tinamiformes, as this would complete 
knowledge of uropygial glands of the Palaeog-
nathae lineage. The apparent lack of the uropygial 
gland in adults of the other ratite species, which 
are much larger and all but one group (the casso-
waries Causarius spp.) live in open areas, sug-
gests that the uropygial gland in Apteryx and tina-
mous may provide benefits related to their forest 
ground dwelling existence. Histological compari-
son of the uropygial gland in these two groups as 
well as studies of the embryogenesis of Apteryx, 
tinamous and ratites lacking uropygial glands will 
aid in answering questions regarding development 
of the uropygial gland and reasons for its absence 
and will also assist in closing the knowledge gap 
on this still enigmatic gland. 
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