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Abstract

A comprehensive morphological description of emu sperm at the light microscopy level, an

essential prerequisite for the routine evaluation of semen quality in this species, is not

currently available. In this study sperm structure was visualized by making conventional

semen smears from samples collected from the distal ductus deferens and fixed in 2.5%

glutaraldehyde. This was followed by air-drying the smears and staining with a Romanowsky

type stain. Examination of the smears using phase contrast illumination and a 100x oil

immersion lens readily resolved the various components of the cell, namely, the acrosome,

nucleus, midpiece, principal piece and endpiece. This technique was simple to use and

produced consistently reproducible results. Normal emu sperm were typically filiform in

appearance and closely resembled sperm of the ostrich and other non-passerine species,

particularly poultry. A previously undescribed cytoplasmic appendage, associated with the
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base of the head, was a novel morphological feature. Sperm dimensions in the emu were

similar to those of other ratites. This was reflected by a head:tail ratio of 1:4 which is in

accordance with the value reported for the ostrich.

Keywords: emu, Dromaius novaehollandiae, light microscopy, sperm morphology,

morphometry

Introduction

Sperm morphology,  sperm motility  and  sperm concentration  are  considered  to  be  the  three

most important parameters when assessing semen quality [1-5]. Morphological features serve

as a reliable indicator in predicting the fertilizing capacity of sperm and also reflect certain

disorders of spermatogenesis [2]. In humans the accurate assessment of morphological

abnormalities is of prognostic value in predicting the results of assisted reproduction and

fertilization when male fertility is compromised. Likewise, artificial insemination (AI), an

important and widely used technique in ensuring and maintaining genetic traits in domestic

animals such as the bull and stallion, relies on a clear understanding of normal sperm

structure [2]. The value of sperm morphology in determining reproductive success is

reflected  in  the  numerous  studies  carried  out,  for  example,  on  man  [5-7]  and  domesticated

animals such as the bull [2,8,9], stallion [10-12], boar [13] and dog [14-16].

Avian sperm structure, in particular that of non-passerine birds of economic importance, has

likewise received considerable attention. Numerous studies have detailed the morphological

features of both normal and defective sperm in the chicken [4,17-20], turkey [1,21-23], duck

[24], goose [25,26], Japanese quail [27,28], pintailed duck [29] and guinea fowl [30,31]. The

commercial  exploitation of ratite species such as the ostrich,  rhea and emu, has prompted a

renewed interest in ratite sperm structure. Since artificial insemination has been suggested as

a means of improving the economic viability of these niche industries [32], a thorough
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knowledge of normal sperm structure in these birds is of paramount importance. This view

was further emphasized by Bertschinger et al. [33] who considered sperm morphology to be

one of the most important factors in predicting fertility in the ostrich. The morphology of

normal sperm has been well documented for the ostrich by both light and electron

microscopy [33-39], while the ultrastructure of rhea sperm and aspects of their development

were reported by Phillips and Asa [40]. Apart from a brief ultrastructural description of the

development and morphology of emu sperm [34], little definitive information has been

published on the structure of the normal male gamete in this species.

Recent detailed publications on the classification and description of defective sperm in the

emu [41-44] have emphasized the need to re-evaluate the dearth of published information on

normal emu sperm, particularly at the LM level. This information is required to provide

comparative data for the accurate identification of abnormal forms. This paper provides a

detailed account of the normal morphology of emu (Dromaius novaehollandia)  sperm  as

observed by light microscopy. It documents a simple and cost-effective technique for

preparing and evaluating emu semen smears which provides excellent morphological detail

and consistent results. Comparative morphometric data on linear sperm dimensions are also

presented.

Materials & Methods

Semen samples were collected during mid-breeding season (May – July) from 15 healthy

(animals approved for slaughter) and sexually active emus following slaughter at commercial

abattoirs (Protocol V070/11, Faculty of Veterinary Science, University of Pretoria). The birds

ranged in age from 22 months to five years. Two groups of birds were sampled. One group

(n=5) was sourced from the Rustenburg district in the North West Province, South Africa and
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slaughtered at the Emu Ranch Abattoir. The second group (n=10) was from the Grahamstown

district, Eastern Cape Province, South Africa, and were slaughtered at the Grahamstown

Ostrich Abattoir. Samples were collected approximately 60 minutes after the birds had been

slaughtered. Drops of semen were gently squeezed from the distal ductus deferens into plastic

test tubes containing 2.5% glutaraldehyde in 0.13M Millonig’s phosphate-buffer.

Smears for light microscopy (LM) were routinely prepared from the fixed cell suspensions,

air-dried for a minimum period of 24 hours and stained with Wrights’ stain (Rapidiff®,

Clinical Sciences Diagnostics, Johannesburg, South Africa) in Coplin jars. The dried smears

were fixed in methanol for 20 seconds, stained with eosin for 30 seconds, blotted and stained

with methylene blue solution for 60 seconds. The smears were then gently rinsed with

distilled water and allowed to air dry before mounting with Entellan® and a coverslip. One

smear from each bird was examined with an Olympus BX63 light microscope (Olympus

Corporation, Tokyo, Japan) using a 100x oil immersion objective (bright field as well as

phase contrast microscopy) to evaluate normal sperm morphology. The incidence of normal

sperm was determined for each bird by counting the number of normal/abnormal sperm

present in a total of 300 cells. Images of sperm cells were digitally recorded using the

Olympus cellSens Imaging Software (Olympus Corporation, Tokyo, Japan).

The linear dimensions of the various segments of the sperm (acrosome, nucleus, midpiece,

principal piece and end piece), as well as the total length of the cells, were determined by

measuring a minimum of twenty cells from each bird. The measurements were processed

using the Soft Imaging System iTEM software (Olympus, Műnster, Germany) and expressed

as the average ± SD. Statistical analysis of the different parameters assessed was performed

using a computer package (Sigma Plot 12.0) and descriptive statistics for each of the sperm
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segments as well as the total sperm length were generated. Respective data sub-sets were

tested for normality (Shapiro-Wilk) and equal variance, and subsequently, averaged linear

sperm dimensions for individuals of the two groups of birds (Grahamstown and Rustenburg)

were compared using non-parametric Mann-Whitney Rank Sum Test. All tests were two

tailed, with the α-level of significance set at 0.05.

Results

Morphology

When viewed by LM, spermatozoa were typically filiform-shaped, consisting of a head and

tail connected by an indistinct neck (Fig.1). The relatively straight or gently convoluted head

tapered anteriorly and consisted of a clearly defined nucleus capped by a small conical

acrosome which occasionally appeared pointed, particularly when using bright field

illumination. The nuclear material was homogeneous in appearance with no obvious evidence

of vacuolation. When using phase contrast microscopy the nucleus was starkly illuminated in

white, unequivocally demonstrating the full extent of the nuclear contents (Fig.1b,c). In most

sperm a thin, thread-like appendage could be discerned at the base of the head (Fig.1c). This

appendage varied in length and generally extended vertically from the cell surface. The tail

was  composed  of  three  distinct  segments,  namely,  the  midpiece,  principal  piece  and

endpiece. The base of the head was continuous with the midpiece, the first segment of the

tail. The nuclear base and the proximal end of the midpiece were of similar diameter although

the midpiece as a unit was thinner than the head. The midpiece revealed no specific features

on LM and was often difficult to distinguish from the rest of the tail on the Rapidiff® smears

using bright field microscopy (Fig.1a). However, the various components of the sperm could

clearly be distinguished from each other using phase contrast microscopy (Fig.1b,c).  After

termination of the midpiece, the tail continued as the long undulating principal piece. The
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principal piece was thinner than the midpiece and terminated in a short, visibly thinner and

non-conspicuous endpiece of variable length (Fig.1). In the 15 birds studied, 86.4% of the

sperm displayed the normal morphological features outlined above.

Figure 1. Light microscopy, Wright’s stain. The various components of the sperm, namely, the acrosome (A),

nuclear region of the head (N), midpiece (Mp), principal piece (Pp) and endpiece (Ep) are more clearly resolved

using phase contrast microscopy (b,c) than normal bright field illumination (a). In (c) the thread-like appendage

situated near the nuclear base can be seen (arrows). Bar = 10µm.

Morphometry

The acrosome was short, measuring on average 1.84 ± 0.31μm (range 0.94 - 3.01μm), while

the nucleus measured 11.77 ± 0.93μm in length (range 9.09 - 14.49μm). The average lengths

of the segments of the flagellum were 2.91 ± 0.4μm (range 1.27 - 4.16μm) for the midpiece,

47.45 ± 2.8μm (range 41.04 - 59.25μm) for the principal piece and 3.69 ± 0.82μm (range 1.38

A

a Epb cEp



7

- 6.33μm) for the endpiece. The average total sperm length was 67.64 ± 3.13μm (range 60.14

- 79.49μm). The dimensions of the various segments of the sperm are presented in Table 1

which  reflects  the  measurements  for  each  individual  bird.  Based  on  extrapolation  from  the

above measurements, the total head length was determined to be 13.61µm and the total tail

length 54.05µm, giving a head:tail ratio of 1:4. There were no statistically significant

differences (T=33-56, P>0.05) observed between any of the measurements for the same

sperm segment when comparing the Rustenburg and Grahamstown birds.

Table 1: Average ± sd measurements (µm) of the various sperm segments as determined for individual birds as

well as for the two different groups of birds (G= Grahamstown birds; R= Rustenburg birds) and all birds

combined.

Bird Acrosome Nucleus Midpiece P/piece Endpiece Total
length

G1 1.76 ± 0.26 12.09 ± 0.48 3.08 ± 0.44 47.47 ± 1.47 4.02 ± 0.61 68.43 ± 1.62

G2 1.94 ± 0.25 12.24 ± 0.35 2.66 ± 0.52 50.27 ± 1.52 3.91 ± 0.45 71.04 ± 1.68

G3 1.73 ± 0.22 12.4 ± 0.41 3.05 ± 0.27 45.04 ± 1.77 3.34 ± 0.44 64.55 ± 1.84

G4 1.98 ± 0.31 12.4 ± 0.65 3.14 ± 0.34 48.73 ± 1.79 2.66 ± 0.52 68.9 ± 2.89

G5 1.83 ± 0.24 12.93 ± 0.84 2.75 ± 0.22 48.76 ± 2.82 2.87 ± 0.56 69.13 ± 3.14

G6 1.86 ± 0.26 12.69 ± 0.66 2.9 ± 0.31 45.66 ± 1.4 3.68 ± 0.68 66.79 ± 1.69

G7 1.8 ± 0.2 11.05 ± 0.34 2.72 ± 0.3 49.96 ± 1.72 3.22 ± 0.6 68.75 ± 1.64

G8 1.68 ± 0.31 11.93 ± 0.59 2.83 ± 0.39 44.65 ± 1.85 4.45 ± 1.0 65.54 ± 1.96

G9 1.67 ± 0.22 11.21 ± 0.59 3.22 ± 0.43 46.68 ± 1.13 3.23 ± 0.51 65.41 ± 1.4

G10 1.65 ± 0.3 10.83 ± 0.63 2.78 ± 0.28 47.24 ± 1.96 4.04 ± 0.85 66.54 ± 2.06

Total G 1.79 ± 0.11 11.98 ± 0.72 2.91 ± 0.19 47.44 ± 1.98 3.54 ± 0.57 67.5 ± 2.05

R1 2.3 ± 0.34 11.97 ± 0.57 2.93 ± 0.39 50.41 ± 2.2 3.94 ± 0.68 71.54 ± 2.52

R2 1.87 ± 0.23 11.86 ± 0.54 2.94 ± 0.45 50.04 ± 2.03 4.24 ± 0.52 70.96 ± 2.33

R3 1.83 ± 0.27 12.05 ± 0.81 3.17 ± 0.41 46.09 ± 1.76 3.86 ± 0.63 67.01 ± 2.06

R4 1.78 ± 0.22 10.62 ± 0.62 2.81 ± 0.36 43.48 ± 1.33 4.21 ± 0.7 62.75 ± 1.49

R5 1.86 ± 0.3 10.8 ± 0.54 2.74 ± 0.46 48.46 ± 2.26 3.57 ± 0.67 67.43 ± 2.7

Total R 1.93 ± 0.21 11.46 ± 0.69 2.91 ± 0.16 47.69 ± 2.9 3.96 ± 0.28 67.93 ± 3.54

All birds 1.84 ± 0.31 11.77 ± 0.93 2.91 ± 0.4 47.54 ± 2.8 3.69 ± 0.82 67.64 ± 3.13
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Discussion

Technique

Whereas sophisticated and presumably more objective methods such as computer-aided

sperm analysis (CASA) and flow cytometry are used by larger laboratories for sperm

analysis, these techniques are costly and not always economically feasible for application in

smaller laboratories or in the field. Conventional light microscopy is a relatively cheap,

accessible option and will remain the most practical and cost effective manner of evaluating

sperm morphology, particularly when used in conjunction with appropriate staining and

illumination techniques.

Various methods have been used to prepare and examine avian sperm at the light microscope

level [1,19,25,33,35,48]. Despite the use of these techniques, however, published light

micrographs on avian sperm morphology are not always convincing particularly in respect of

revealing structural detail. For example, in a light microscopy study of chicken sperm, Lake

et al. [19] reported that it was difficult to discern the different segments of the cell with the

limited magnification and resolution of the light microscope while Soley [45] reported that

the endpiece in ostrich sperm was difficult to resolve by light microscopy irrespective of

which imaging technique was used. Similarly, the use of wet mount protocols, although

necessary for motility studies, is limited in scope for the morphological examination of sperm

[46] and fewer normal sperm are identified using this method than with stained smears [47].

Likewise there are some studies on avian sperm that have used air-dried fresh semen smears

[4,20,48,49]. However, the use of fixed avian semen samples for light microscopic evaluation

has been found to be advantageous [1,25,33,35]. Although various fixatives have been

employed, for example, formaldehyde [25] and Hancock’s solution [1], the current study

used 2.5% glutaraldehyde in 0.13M Millonig’s phosphate-buffer. Fixing semen immediately
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after collection with buffered glutaraldehyde, preserves overall sperm morphology and the

specimens can then be stained and examined at the investigator’s convenience. It also has the

added benefit of reducing cell shrinkage (possibly due to the osmolarity of the fixative) that

results from air-drying fresh semen smears. In respect of ostrich sperm, Gee et al. [35]

compared non-fixed eosin/nigrosin-stained semen smears and unstained glutaraldehyde fixed

semen smears and found that fixing with glutaraldehyde gave the best structural detail. This

was also the method of choice of Bertschinger et al. [33] in an earlier study of ostrich sperm

morphology.

Use of stains, particularly the Romanowsky type stains, for revealing structural detail of

mammalian sperm has been practiced for a number of years. For example, Mota and

Ramalho-Santos [50] found the Diff-Quick® stain useful in revealing head abnormalities in

cat sperm. This stain is similar to the Wright’s stain used in the present study and is

employed routinely in human reproduction laboratories, usually in conjunction with bright

field microscopy. Similarly, the SpermBlue® stain,  developed  by  Van der  Horst  and  Maree

[51] and tested on a number of mammalian and non-mammalian species, also differentially

stains the various sperm components with the added benefit that the stained smears are

suitable for automated analysis. Contrary to the practice of using stains for evaluating sperm

structural details, Specher and Coe [9], in their study on bull sperm, found that phase contrast

microscopy of unstained smears was a more accurate method of studying sperm morphology

as it revealed a greater number of cytoplasmic droplets and head abnormalities than standard

bright field microscopy of eosin/nigrosin-stained semen smears. This study however

demonstrated that the characteristic filiform shape of emu sperm was particularly amenable

to the use of phase contrast microscopy with glutaraldehyde-fixed and Wright’s-stained

smears. Examining stained smears with phase contrast microscopy proved to be a rapid and
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convenient method for clearly distinguishing the various components of emu sperm and also

clearly discriminated between normal and abnormal gametes in this species [41-44].

Sperm structure

Avian sperm can be divided into two basic types according to their structure, namely, the

more ‘primitive’ filiform sperm typical of non-passerine birds and the ‘complex’ helical

sperm of passerine species [66]. The primitive filiform sperm is ‘worm-like’ in appearance

and is also referred to as ‘sauropsid’ since it resembles reptilian sperm [37]. A degree of

overlap between the two basic morphological sperm types has been observed, based mainly

on the tendency towards spiralization seen in some non-passerine birds [67]. Sub-oscine

species are also reported to display morphological features of both passerine and non-

passerine bird sperm [52]. Emu sperm are typically filiform and on LM closely resemble

those of other ratites such as the ostrich [45] as well as galliform birds, notably the chicken

[18], goose [25] and turkey [23]. As demonstrated in these studies [18,23,25,45] and

confirmed in the emu, non-passerine bird sperm reflect five clearly defined segments,

namely, the acrosome and nucleus forming the head and the midpiece, principal piece and

endpiece constituting the tail. The head of emu sperm is generally straight and only

occasionally displays the comma-shaped and convoluted forms identified in the ostrich [45].

The densities described in the ostrich sperm at each end of the midpiece, and which are

considered to represent the proximal centriole and annulus, respectively [45], are not obvious

in emu sperm and have not been reported in other non-passerine birds studied by LM.

The presence of a thread-like appendage near the base of the nucleus has not previously been

described in any other bird sperm. The appearance of this particular structure using phase

contrast illumination clearly indicates that it is not nuclear material therefore suggesting that
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it represents a remnant of residual cytoplasm resulting from the release of the mature sperm

from the surrounding Sertoli cells during spermiation. This appendage should be viewed as a

normal feature of emu sperm.

Morphometry

Although based on a limited number of species, the length of non-passerine bird sperm

appears to be highly variable [49,53-55]. However, a comparison of the dimensions of sperm

from three ratite species (Table 2) demonstrates a remarkable uniformity. The average length

Table 2: Comparison of ratite sperm length (µm).

Acrosome Nucleus Head Midpiece Principal
piece

Endpiece Total
length

Technique Reference

Ostrich

2.0 (14) 16.0 3.0 40.0 1.0 60.0 SEM 34

1.91 10.95 12.86 3.16 51.18 2.39 69.58 SEM 39,45

Rhea 3.0 SEM 40

Emu

1.5 (10.5) 12.0 3.0 47.0 3.0 65.0 SEM 34

1.8 ± 0.3 11.8 ±
0.9

(13.6) 2.9 ± 0.4 47.5 ±
2.8

3.7 ± 0.8 67.64
± 3.1

LM Present
study

Values in brackets are extrapolated.

of emu sperm (67µm) in the present study was similar (65µm) to that previously reported by

Baccetti et al. [34]. It is noteworthy that Baccetti and co-workers [34] based their

measurements on scanning electron microscope (SEM) images whereas the present study

used light micrographs. It is generally acknowledged that a high degree of shrinkage id

associated with the preparation of biological material for SEM [56], including sperm [57].

As the semen samples in both studies were fixed with glutaraldehyde, it would therefore

appear that there was little additional shrinkage as a result of the samples being dehydrated

and critical point dried for SEM. No obvious difference in total sperm length or head length
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was observed between the birds from the Eastern Cape and North-West Province. In contrast,

Soley and Roberts [39] distinguished two subgroups of domesticated South African ostriches

based on total sperm length, suggesting that “the two different ranges of sperm size observed

may reflect persistent genetic (subspecies) variations in the domestic ostrich population”.

Farmed South African ostriches are known to be hybrids resulting from the crossing of local

S.camelus australis stock with North African (S.camelus camelus)  and  Syrian (S.camelus

syriacus) birds for the improvement of feather quality [45]. Emus on the other hand have

only recently been introduced into South Africa and the provenance of these birds is

unknown. If sperm head length and total length are indicators of genetic origin, as appears to

be the case with domesticated South African ostriches, the emus investigated in the present

study could conceivably be of the same genetic stock. It is interesting to note that three

subspecies of emu have been recognised in Australia, namely, Dromaius navaehollandiae

novaehollandiae, D. novaehollandiae woodwardi and D. novaehollandaie rothschildi [58].

Whether differences in head length would reflect the identity of these subspecies as reported

in sandhill cranes [59] remains speculative. From a practical or applied perspective, known

head length dimensions would assist in accurately identifying micro- and macrocephalic

sperm in the emu.

With a total length of approximately 68µm, ratite sperm are appreciably shorter than sperm

from a number of other non-passerine birds. Chicken sperm, for example, range in total

length from 90µm [31] to 109µm [19] while turkey sperm measure from 75 - 80µm [22,31].

Sperm of another galliform bird, the guinea fowl, also display similar dimensions, varying in

length between 75 - 87µm [30,31]. On the other hand, pigeon [60] and quail [28] sperm are

appreciably longer with lengths of approximately 165µm and greater than 227µm,

respectively. There are also non-passerine birds with sperm that fall within the range of ratite
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sperm. For instance, Ferdinand [25] reported an average sperm length of 67µm in geese.

Budgerigar sperm, which have features of both passerine and non-passerine birds, are slightly

shorter with a total average length in the region of 62µm [61].

The avian acrosome differs markedly from that of mammals in respect of its size relative to

the rest of the head. In the emu it is a relatively short structure (1.8µm present study; 1.5µm

reported by Baccetti et al. [34]) being similar in length to that of the ostrich (maximum length

of 2 µm) [34,38]. The acrosome of other non-passerine birds such as the chicken [19,31] and

duck [24] are marginally longer. Nuclear length in the emu (11.8 ± 0.9µm) corresponds

closely to that reported for other non-passerine birds, such as the ostrich [39], chicken [19],

duck [24] and guinea fowl [30]. It should be noted, however, that nuclear length as measured

in ratites and tinamous is not an accurate representation of this segment of the head due to the

nuclear rostrum in these species extending deep within the acrosome [34,38,52,62].

The midpiece of emu sperm and other ratites [34,38,40] measures approximately 3µm in

length. Similar values have been presented for the chicken [18,19], pigeon [60] and turkey

[22]. However, the midpiece of non-passerine sperm can vary from very short (in the trogon)

to very long (in doves) as illustrated by McFarlane [53] and Jamieson [37]. Some extremely

long midpiece lengths have also been reported, for example, that of the domestic pigeon

(98µm) [63] and Japanese quail (161µm) [28]. To what extent midpiece length in non-

passerine birds reflects the number of mitochondria required to provide the necessary energy

for forward motility remains unknown, although studies in passerine birds and mammals

have shown that essential biological functions, such as the provision of energy, determine

gross sperm morphology [64,65].
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The only comparative data available on the length of the principal piece and endpiece in

ratites is that for the ostrich and emu [34,39,45]. The present study revealed that the

dimensions of these two regions are comparable to those reported by Baccetti et al. [34].

Moreover, the values are similar to those found in the ostrich [39,45].

The head:tail ratio of 1:4 for emu sperm calculated in the present study is similar to the

deduced value of 1:4.4 for the emu [34]  and the reported value of 1:4.4 for the ostrich

[39,45]. This ratio further indicates the uniformity of both head and tail lengths in ratite

sperm. It remains unclear why a discrepancy exists regarding the head:tail ratio of 1:2.7

(extrapolated from data reported by Baccetti et al. [34]) for the ostrich as opposed to the

value of 1:4.4 reported by Soley [45] and Soley and Roberts  [39]. Of the non-passerine birds,

the head:tail ratio of the guinea fowl (1:4.3, extrapolated from data given by Thurston et al.

[30]) is similar to that of the ratites [30,31]. However, the head:tail ratio in most other non-

passerines is much higher [39], due to the greater length of the principal piece in these birds.

Sperm tail lengths in the chicken exceed 70µm [19,30,60] while pigeon sperm tails are

reportedly longer than140µm [60], resulting in head:tail ratios of 1:6 (or higher) for the

chicken and 1:9.4 for the pigeon. Studies on sperm dimensions have mainly focused on the

benefits of increased length as a way of adapting to variations in the female reproductive

tract. For instance, longer heads have been proven to positively influence fertility [61] while

the general assumption is that longer sperm tails will increase the swimming potential of

sperm [66,67]. Humphries et al. [67], working on various animal species, came to the

conclusion that, although there are a number of factors which may influence the swimming

speed of sperm, the head:tail ratio provides a simple measurement to assess potential speed.

Kleven and co-workers [68] came to a similar conclusion, in their study on passerine birds,

that swimming speed and sperm length develop independently as a result of sperm
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competition in birds. Reportedly polygamous species (primates and rodents) have longer and

therefore faster swimming sperm than monogamous species [69]. A similar situation, due to

the influence of sperm competition, is reported in promiscuous birds [54]. Ratites, including

the  emu,  are  considered  to  be  monogamous  species  [70,71].  It  is  therefore  tempting  to

suggest that ratites (with relatively short sperm and a low head:tail ratio) do not require fast-

swimming sperm to compete with those of other males, unlike in the  shorebirds [72] that are

considered to be promiscuous. This question can probably be resolved by the application of

CASA to determine the comparative swimming speed of sperm.

This study demonstrated that the characteristic filiform shape of emu sperm was particularly

amenable to the use of phase contrast microscopy with glutaraldehyde-fixed and Wright’s-

stained smears. Examining stained smears with phase contrast microscopy proved to be a

rapid and convenient method for clearly distinguishing the various components of emu sperm

which showed morphological features consistent with non-passerine bird sperm in general.
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