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Abstract

The honey possum Tarsipes rostratus, a marsupial endemic to south-western
Australia, feeds exclusively upon nectar and pollen. It is one of the smallest
marsupials, with adult females (8-12g) significantly larger than adult males (6-9g).
Honey possum males have the longest sperm (356µm) recorded for any mammal
and the testes represent 4.2% body weight, amongst the largest recorded for
mammal species. These features suggest that sperm competition is an important
part of the mating system. This study used a combination of field based studies,
DNA analysis and histological examination of the female reproductive tract to
investigate the life history, multiple paternity and reproduction of the honey possum in
natural populations in the Fitzgerald River National Park (FRNP), on the south coast
of Western Australia.

This study drew upon earlier work on the honey possum in the FRNP in order to
describe its life-history. The honey possum is short-lived (1-2 years), and attains
sexual maturity whilst still growing. All four teats are occupied after birth, but the litter
is reduced to 2 or 3 young during pouch life. The young have a relatively slow rate of
growth. Breeding occurs continuously throughout the year, but is affected by the
flowering phenologies of its foodplants. The greatest proportion of females with
pouch-young occurs in winter; there are fewest pouch-young in autumn, a time of
year when there is a dearth of flowers. Honey possums are essentially solitary
animals, with no structured social unit, and male and female home ranges overlap.
In captivity they are largely tolerant of one another, but larger females are
behaviorally dominant to smaller females and to males.

The densities and structure of the honey possum populations in the FRNP were
analyzed from trapping data collected over 19 years. Population densities fluctuated
significantly from season to season throughout the year, with changes in the
flowering food resources available. There were also year-to-year differences in the
intensity of those fluctuations, and these were significantly associated with rainfall in
the previous year, and probably mediated through a lag effect in the flowering of the
honey possum’s foodplants. The greatest densities of animals occurred over winter.
In years following high rainfall, mean winter densities reached 88 individuals per

hectare. The lowest densities occurred in spring, and in years following low rainfall
mean spring densities fell to 8 individuals per hectare. Even at these lowest
densities, there is still the potential for interaction between males and females. A
succession from high to low, then back to high densities was seen during the three
years of the present study (2000-2002) and this shadowed a similar succession of
changes in rainfall.

The proportion of females with pouch-young was significantly affected by the season,
and by rainfall in the previous year. Years following low rainfall had a lower
proportion of females in a condition to breed. The autumn dip in breeding that
occurred in all years was exacerbated following dry years. Of those females that did
breed in 2001, a time of low resources, there was no difference in the size of the litter
compared to 2000 and 2002, times of higher resource availability. The sex-ratio of
pouch young was at parity, but there was a slight bias towards males among both
juveniles (56%) and adults (58%). This was probably due to the greater movements
shown by males. Sex ratios were not affected by changes in rainfall and density.
Male-biased dispersal was detected using genetic data and the movement patterns
of males showed that they moved greater distances than females during their normal
activity.

Analysis of four microsatellite loci revealed extremely high levels of variation, with 28
to 50 alleles per locus and a mean expected heterozygosity of 0.95. These are
amongst the highest seen in any microsatellite study of vertebrates. There was
multiple paternity in 86% litters, using a minimum number of sires per litter method,
and in 95% litters, using an estimated number of sires method based upon the
relatedness of litter males. This indicates that multiple mating is frequent in female
honey possums and is evidence for sperm competition. The estimated number of
sires in a litter was often three or four. In 41% of cases, the number of sires was less
than the number of young in the litter, indicating that some males were more
successful at siring offspring than others. Nevertheless, no more than two offspring
in a litter were known to have been sired by the same male. Despite marked
fluctuations in density from high in 2000, to low in 2001, then high again in 2002, the
level of multiple paternity remained equally high in all years.

Embryonic diapause and female reproduction was investigated in the honey possum.
All adult females examined, both with and without pouch-young, were either close to
oestrus, had ovulated or were carrying conceptuses. The honey possum has a postpartum oestrus and it was evident that this occurs approximately 2-4 days after birth.
Cleavage and formation of the unilaminar blastocyst appears to occur rapidly over
approximately 5 days. Embryonic diapause proceeded in a two phase manner
similar to other small possum species. The unilaminar blastocyst expanded rapidly at
first; and then, from about 18-20 days after birth, the diameter of the blastocyst
remained constant at approximately 1.2-1.8mm. No growth or development beyond
the unilaminar stage was observed during pouch-life. The first signs of reactivation
occurred during lactation, after pouch exit, and expansion of the blastocyst only
occurred in one post-lactational female. The development of the corpus luteum
appeared different to patterns described for other marsupials, but its formation
coincided with the formation of the unilaminar blastocyst. The diameter of the corpus
luteum remained constant throughout diapause. The histology of the reproductive
tract was generally similar to other marsupials. There were no sperm storage crypts
in the female reproductive tract.

The length of pouch-life in the honey possum was 55-65 days, and the interval
between litters of the same size varied between 65 and 100 days. Embryonic
diapause may reduce the time between production of successive litters in the honey
possum, but lifetime reproductive potential is reasonably low. Females had up to
four litters over the period that they were captured. Thus, each litter represents a
substantial proportion (25%) of a female’s lifetime reproductive output. Reproductive
amortization occurred, with 61% loss overall, due to overproduction of ova, loss of
conceptuses and reduction of the litter during lactation.

The behavioural dominance of females suggests that multiple mating is an active
strategy, and this presumably allows the genetic quality of their offspring to be
maximized. Males that succeed in sperm competition may be of better intrinsic
quality. Overproduction of conceptuses by females presents the opportunity for them
to select those fertilized by intrinsically viable males or genetically compatible males.
Sexually active males are present all year round. Females were not synchronous in
their sexual receptivity, and this would lead to a skewed operational sex ratio, with
more reproductive males than oestrous females. Since adult males are significantly

smaller than adult females and possess no ornaments or armaments, it is unlikely
that males overtly fight for access to females. Rather, males appear to monitor the
reproductive status of females through smell, and probably compete in their ability to
locate oestrous females. The risk and intensity of sperm competition is high, sexual
selection for a large investment in spermatogenesis is evident and competition after
copulation is probably an important factor in the mating system. It is likely that males,
as well as females mate multiply, and the mating system is promiscuous.
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Figure 2.2: Location of the two trapping grids at site A, in long unburnt mature vegetation.
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Figure 2.3: Location of the two trapping grids at site B , three trapping grids at site C, and one trapping grid at site D,
collectively referred to as the 'hill area'.
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Figure 6.1: Ventral view of the reproductive tract of an adult female honey possum showing the
pair of uteri, each with connecting oviduct and ovary. In all specimens examined, the long
uterine neck projected well into the median vaginal canal as a single papilla, with the
cervical canals separated for their entire length. The median vaginal canal is well developed
through to the urogenital sinus. The ureters pass between the vaginae to enter the base of the
bladder (shown dashed). Transverse sections in positions A,B,C and D correspond to those
presented in Figures 6.11 - 6.13.
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Figure 6.3: Early conceptuses. [a] Single-cell conceptus in female AH oviduct, with mucoid coat
secretion (mcs) surrounding the zona pellucida (zp). This conceptus had two dense pronuclei
of which one is visible (pn). Numerous sperm (arrows) were lying against the zp. [b] Single-cell
conceptus in female C1 oviduct. This conceptus had two large, expanded pronuclei lying close
together, within which strands of chromatin and droplet-like granules were visible. Two polar
bodies were visible at edge, one more compact than the other. [c] Two-cell conceptuses in the
uterus of female G, with distinct shell membrane (sm), mucoid coat (mc) and zona pellucida.
Nucleus (n) of both cells visible.
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Figure 6.4: Unilaminar blastocysts. [a] Longitudinal section through a uterus that contained
three unilaminar blastocysts. The trophoblast (tb) was closely associated with the interior of the
acellular shell membrane (sm). The uterine epithelium (ut) formed an 'envelope' around all
blastocysts and the endometrial layer was packed with uterine glands. [b] The shell membrane
of a blastocyst was closely associated with the uterine epithelium. The trophoblast was a flat
ribbon of cells with nuclei (n) clearly visible. Uterine glands (gl) can be seen in the endometrial
layer. [c] Portion of a reactivated blastocyst from female M, with shell membrane (sm) lying
next to the uterine epithelium, beneath which glands of the uterine endometrium are
visible. The trophoblast cells around the entire perimeter of the blastocyst had become
rounded and compact, with many cells dividing (arrows).
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Figure 6.6: Post-ovulation follicles and a pre-ovulation oocyte. [a] Collapsed follicle immediately
after ovulation in female C1. [b] The corpus hemorrhagicum partially filled with fluid in female
AH, whilst single-cell conceptuses still traversing the oviduct. [c] The corpus hemorrhagicum
of female G, fluid filled and as large as a graafian follicle. This female had cleaving eggs in utero.
[d] Oocyte within the antrum of a Graafian follicle, the zona pellucida (zp) is surrounded by
granulosa cells. The oocyte was arrested in its second maturation division just prior to ovulation
in female AC. The condensed, chromosomes appeared as short rods arrested in metaphase II
(arrow), with the first polar body (pb) already extruded.
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Figure 6.8: Degenerate follicles and interstitial tissue. [a] A follicle that failed to ovulate,
indistinguishable from a corpus luteum, except for the presence of a degenerating oocyte (Oo).
The zona pellucida of the oocyte stained purple under alcian blue/PAS staining.
[b] An atretic follicle also stained with alcian blue/PAS. The granulosa cells were becoming
pyknotic and degenerating. The zona pellucida and nucleus (n) of the oocyte are clearly visible.
[c] Interstitial tissue, possibly with degenerating egg still at the centre (arrow), indicating its
possible origin as a follicle. [d] One female had long clusters of interstitial tissue.
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Figure 6.9: [a] Section through uterus of female AC, in oestrus, showing the uterine lumen (L),
and the deep endometrial layer had scattered glands (gl) and capillaries (c). Inset shows
close-up of the uterine epithelium (ut) with enlarged cells with large round nuclei. Black
'inkspots' of pyknotic cells present throughout, particularly in the glandular epithelium.
[b] Section through the uterus of female AK, post-partum and pro-oestrous. Debris (d) from
birth present in the lumen. The uterine epithelium was highly folded, and the glandular
endometrial layer relatively shallow. Inset shows close up of layered epithelium. There were
fewer pyknotic cells than in female AC.
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Figure 6.10: [a] Section through the uterus of female C1, post-ovulation. Breakdown of glands
(gl) and stroma of the endometrial layer was evident. Glandular lumina merged, and contained
pyknotic cells and debris. Cells of the luminal epithelium were enlarged (ut), with very puffy
cell nuclei, taking up 60-90% of the cell volume (see inset of enlarged area). Mitotic cells
(arrows) occurred in the epithelium. [b] Section through the uterus of female G, which
contained cleaving conceptuses. The glandular epithelium was columnar. The luminal
epithelium (ut) was in parts cuboidal (see inset of enlarged area), but in some places the
epithelium and sub-epithelial components were being shed (s) into the uterine lumen (L).
171

LV

Bl

mvc

ur
c

c
LV

a

ur

100µm

b

300µm

LV
LV

ur

ur

s

ur

c

ur
c

LV

mvc
mvc

c

d

250µm

250µm

LV

LV

s
mvc

s
mvc

c

Bl

e

100µm

Bl

f

100µm

Figure 6.11: Vaginal morphology. [a] Transverse section through 'A' in Figure 6.1. The cervices (c)
protrude well into the median vaginal canal (mvc), such that they are still present when the
laternal vaginal canals (LV) are separate. Bl = bladder, ur = ureter. [b] Longitudinal section through
the cervices and vaginal culs-de-sac. The cervical canals are separated for their entire length.
[c] Transverse section showing supporting septum (s) between cervical papilla (c) and the wall of
the mvc. [d] The supporting septa disappears before the end of the cervical papilla. [e] In the
juvenile female AI, there was a septum dividing the median vaginal canal. [f] This septum in the
juvenile female became only partial further down the mvc - see transverse section 'B' in Figure 6.1.
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Figure 6.11: Vaginal morphology. [a] Transverse section through 'A' in Figure 6.1. The cervices (c)
protrude well into the median vaginal canal (mvc), such that they are still present when the
laternal vaginal canals (LV) are separate. Bl = bladder, ur = ureter. [b] Longitudinal section through
the cervices and vaginal culs-de-sac. The cervical canals are separated for their entire length.
[c] Transverse section showing supporting septum (s) between cervical papilla (c) and the wall of
the mvc. [d] The supporting septa disappears before the end of the cervical papilla. [e] In the
juvenile female AI, there was a septum dividing the median vaginal canal. [f] This septum in the
juvenile female became only partial further down the mvc - see transverse section 'B' in Figure 6.1.
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Figure 6.12: Vaginal canals. Transverse sections through 'C' in Figure 6.1. [a] The lateral vaginal
canals (LV) run adjacent to each other on the dorsal side of the median vaginal canal (mvc) and
the urethra (Ua). This female was recently parous. [b] In females that have larger pouch-young
or have weaned young, the lateral vaginal canals were occluded (LV occl.) and the median vaginal
canal was narrow, but remained open. [c] The lateral vaginal canals merge to form a posterior
vaginal sinus (pvs). [d] In the pre-parous juvenile female AI, the median vaginal canal is occluded
(mvc occl.) and separated by a sheet of cells from the urogenital sinus.
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Figure 6.13: Urogenital sinus (Sections through 'D' in Figure 6.1) and an oviduct with sperm.
[a] The posterior vaginal sinus (pvs) merges with the median vagina (mvc). [b] The common
vaginal sinus becomes merged to the urethra (Ua), to form [c] the urogenital sinus (ugs).
[d] Longitudinal section through the oviduct of female AC, showing sperm with their heads
closely associated with the oviducal epithelium. The epithelium is simple, but highly folded.
This section does not go through the centre of the oviducal lumen, so the luminal space seen
is limited.
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