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The genu cell types and spermiogenesis in rose-ringed parakeet
Psittacula kramer; (Scopoli )
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Department of Zoology, College of Basic Sciences and Humanities, Punjab Agricultural
University, Ludhiana 141 004,India
MS received 13 September 1982
Abstract. By employing haematoxylin -eosin,iron haematoxylin, PAS and Feulgen reaction
techniques, a morphological study has been made of spermatogenic cells in sexually matured
parakeet Psittacula krameri. Type-A, intermediate and B spermatogonia occur in addition
to type Ao (stem spermatogonia). The Ao spermatogonia is the major constituent of the
testis during the regression period. Types A and B are further subdivided on the basis of
nuclear size and appearance. The leptotene, zygotene, pachytene and diplotene are also
differentiated into early and late stages. The spermatocytes at metaphase have also been
observed but their number is very few indicating their very short life period. The round
spermatids have also been subdivided into two types (i)spermatids with distinct chromatin
(ii) spermatids with homogenously stained nuclei. Spermiogenesis has been subdivided into
seventeen stages. The study will serve as a fundamental tool in establishing the correlation
between gonadotrophins and seasonal reproductive cyclicity of the parakeets.
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1. Introduction
A thorough knowledge of germ cell types and spermiogenesis is necessary for better
understanding the cycle of seminiferous epithelium. In this regard, most of the
mammalian species including man have been repeatedly investigated by many workers
(Roosen-Runge and Giese11950; Leblond and Clermont 1952;Clermont and Leblond
1953; Clermont 1954, 1958, 1960, 1969, 1972; Ortavant 1954, 1956; Guraya and
Bilaspuri 1976;Osman et al1979; Schulze 1979).Some scanty information is available
on spermatogenic cells of avian species (Schoneberg 1913; Riley 1937; Miller 1938;
Mehrotra 1951; Clermont 1958; Yamamoto 1964; Yamamoto et al1967; Lofts and
Murton 1973; Gunawardana 1977; Yasuzumi and Yamaguchi 1977) but no detailed
work seems to have been carried out on the spermatogenic cells of subtropical wild
bird species. The present study was, therefore, initiated on rose-ringed parakeet
Psittacula krameri, a common harmful bird of Punjab to have a detailed account of
spermatogenic cells;

2. 'Materials and methods
Testes from mature parakeets (withcollar) which were shot from the Punjab Agricultural
University Campus, Ludhiana during the breeding period (February·April) (Dang
and Guraya 1978) were used for the study. The material was fixed in alcoholic
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FIgure 1. Different spermatogenic cells and spermiogenesisin rose-ringedparakeet, Psittacula
krameri.1.1.1.2.1.3.1.4= Ao.A .. A 2.A Jspermatogonia; 1.5= Intermediate (Inj spermatogonium; 1.6.1.7.1.8 = B.. B2.B Jspermatogonia; 1.9.1.10= spermatocytes in preleptotene
(PL) and leptotene (L) stage; 1.11. 1.12. 1.13 = spermatocytes in early zygotene (EZ).
zygotene (Z) and late zygotene (LZ) stage; 1.14. 1.15 = spermatocytes in early pachytene
(EP) and pachytene proper (P)stage; 1.16. 1.17 = spermatocytes in early diplotene (ED) and
late diplotene (LD) stage; 1.18 = spermatocyte during metaphase (M); 1.19 = secondary
spermatocyte (55); 1.20, 1.21 = early spermatid (E5) and late spermatid (L5); 1.22·1.24 =
spermatids duringGclgi phase (GP); 1.25·1.27 = spermatids during head capphase (liep);
1.28-1.30 = spermatidsduring acrosomic phase (AP); 1.31-1.37 = spermatidsduring maturation
phase (MP).
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Bouin's fluid and Zenker-formol, dehydrated in ethanol, cleared in benzene/xylene,
embedded in paraffin wax and sectioned at 7 ).1. The sections were stained with
(i) 0.5% Heidenhan's iron haematoxylin (mordanting in 4% iron alum and differentiation
in 2% iron alum), (ii) Delafied's haematoxylin/eosin (iii) Feulgen reaction (iv) PAS·
haematoxylin. Sections stained with Feulgen and haematoxylin/eosin were used for
identifying different spermatogenic cells on the basis of their nuclear morphology
and diameter. The spermiogenesis was studied from PAS· haematoxylin stained sections
and smears. These were observed under light microscope and the diameter of the
nuclei up to spermatids was measured with an ordinary micrometer. The nuclear
volume of the different cells was also calculated.

3. Observations
Stained sections and smears of testes collected during February-April (breeding
period) and July-September (regression period) were used. Various types of spermatogenic cells in Psittacula krameri have been distinguished on the basis of their nuclear
morphology and diameter (table 1, figure 1).
3.1

Morphology of spermatogenic cell types

3.1a Spermatogonia: Mainly three types of spermatogonia having relatively little
cytoplasm are observed during the breeding season. These are designated as types A,
B and intermediate. Ao spermatogonia (stem spermatogonia or reserve stem cells)
have also been identified. They generally lie in close association with basement
membrane of seminiferous tubules during the breeding season. They may also lie
away from basement membrane and form one or two layers in regressed testis
(figure 5). They have round nuclei with less diameter as compared to other A-type
spermatogonia (table 1, figures 1-5 and 7).
3.1a(i) A-type spermatogonia: A-type spermatogonia have a clear nucleoplasm
with fine chromatin in the form of granules and filaments. They are of two types,
either round or oblong. Depending upon their nuclear diameter and chromatin
appearance, they have been classified as AI, AJ. and AJ (table 1, figures 1.1-1.4 and 2).
The round A-type spermatogonia may be distributed either near or away from the
basement membrane whereas oblong type are closely associated with basement
membrane (figure 6). The long axis of oblong type spermatogonia mayor may not be
parallel to the basement membrane. The total volume decreases from Al to AJ
(table 1).
3.1a(ii) Intermediate type (In) spermatogonia: The nuclear volume and circumference
of In-spermatogonium is less as compared to the A-type spermatogonia' (table 1). Its
chromatin is more coarser and nuclear envelope stains relatively more intensely as
compared to that of A-type spermatogonia (figures 2 and 4).
3.1a(iii) Brtype or Crust like spermatogonia: B-type spermatogonia are distinguished
from other types by their thick nuclear envelope resulting from the deposition of
chromatin crusts. They have been subdivided into Bl,- B2 and B3 depending upon
their nuclear diameter (table I, figure 3). The nuclear diameter decreases from BI to
B3 •
The nuclear size decreases from A-type to B-type spermatogonia (table 1) but the
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Table 1. Nuclear diameter, total area and circumference (in ).I)of various spermatogenic
cells in rose-ringed parakeet.

Spermatogenic cells

Spermatogonia
Ao
A,
A,
A,
In

B,
B,
B3

Diameter

Total Nuclear Total Nuclear
circumference
area
(2m)
(m')

4.308
5.310
5.126
4.909
4.759
4.826
4.250
3.757

14.581
22.lY70
20.597
18.860
17.788
18.330
14.125
11.084

13.540
16.657
16.092
15.401
14.954
15.181
13.326
11.805

6.128
6.613
7.047
7.247
7.297
7.749
7.849
8.049
8.099
8.684

29.507
34.352
39.009
41.255
41.826
47.169
48.395
50.893
51.528
59.255

19.261
20.781
22.146
22.774
22.931
24.351
24.666
25.295
25.452
27.294

5.177
3.423

21.050
9.201

16.267
10.755

2.789

6.107

8.763

Spermatocytes
Early pre1eptotene
Late preleptotene
Leptotene
Early zygotene
Late zygotene
Early pachytene
Pachytene
Early diplotene
Diplotene
Metaphase

Secondary spermatocyte
Spermatids
Early round spermatid
Late spermatid before start
of spermiogenesis

chromatin concentration correspondingly increases from reserve stem cell (Ao) to
B3 spermatogonia (figures 1.1-1.8, 2, 3 and 4).
3.1b Spermatocytes
3.1b(i) Primary spermatocytes: The B-type spermatogonia enter preleptotene and
then meiotic prophase. On the basis of nuclearmorphology and diameter, the
preleptotene is distinguished into early and late preleptotene. The early preleptotene
spermatocytes with jumbled chromatin are darkly stained as compared to late
preleptotene spermatocytes with distinct chromatin (figures 1.9, 1.10 and 6). The
'nuclear size increases from preleptotene to late preleptotene (table 1). The meiotic
prophase in rose-ringed parakeet consists of usual stages of leptotene, zygotene,
pachytene, diplotene and diakinesis. The nuclear chromatin and volume changes
are shown in figure 1.10-1.18 and table 1.The different stages have been differentiated
into early and late stages.
3.1b(ii) Secondary spermatocytes: The secondary spermatocytes nuclei are small
as compared to the preceding spermatocytes (table 1, figures 1.16,1.19,4 and 7). The
nuclei have distinct chromatin with heavily stained nuclear membrane. They are
occasionally observed, indicating that they immediately divide to form spermatids.
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FIgures 2.7 Testis sections during breeding, regression and regeneration period showing
different spermatogenic cells . for abbreviations see text of figure I.

3.1b(iii) Spermatids: The secondary spermatocytes by second meiotic division
form the spermatids. The immediately-formed spermatids have round nuclei with a
diameter of 3.723 ].l with distinct chromatin (table 1, figures 1.20 and 7):l.ater on
these spermatids become smaller and with less basophilic nuclei (figures 1.21 and 7).
The different stages of this division could not be identified probably due to their
short duration.
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3.2 Spermiogenesis
Spermiogenesis in the parakeet has been studied from sections and smears stained
with PAS-haematoxylin and haematoxylin/eosin. The detailed transformation taking
place during spermiogenesis is shown in figures 1.21-1.37. It is divided into four main
phases. Golgi phase. head cap phase. acrosome phase and maturation phase. The
four phases are classified as follows: In the Golgi phase. the Golgi zone of the newly
formed spermatids forms the proacrosomic granules which fuse to form acrosomic
granule. In the head-cap phase. the acrosomic granule becomes elongated to form
acrosomic system with the head cap and attaches to nucleus. In the acrosome phase.
the acrosome becomes conical and nucleus is also elongated. In maturation phase,
the spermatids are transformed into spermatozoa after a number of changes in the
shape of the nucleus and acrosome.
The aforementioned phases of the spermiogenesis are further divided into seventeen
subdivisions. mainly based on the development of acrosomic system and the change
of spermatid nucleus. The Golgi phase includes steps 21-24.the head cap phase steps
25-27. the acrosome phase steps 28-30 and the maturation phase steps 31-37.

4. DIscussion
Two types of spermatogonia have been described previously in birds (Schoneberg
1913; Riley 1937; Miller 1938; Lake 1956; Clermont 1958; Lofts and Murton
1973).But this study has revealed three types of spermatogonia besides stem spermatogonia in parakeets, These spermatogonia are classified as A. B and intermediate.
The intermediate spermatogonia have also been identified in quail (Yamamoto et al
1967) and in a number of mammalian species (Clermont 1954. 1960; Oakberg 1956;
Monesi 1962; De-Reviers 1971; Guraya and Bilaspuri 1976). The A-type spermatogonia are larger than intermediate and B-type spermatogonia. The early and late
preleptotene stages distinguished in the parakeet have not been previously reported
in birds and most of the mammalian species (Yamamoto et a11967; Leblond and
Clermont 1952; Clermont 1960; Ortavant 1956;Oakberg 1956; Hochereau-DeReviers
1970). However. such a distinction is made in goat (Ouraya and Bilaspuri 1976). In
quail. Yamamoto et al (1967) distinguished only leptotene. zygotene and pachytene
stages of spermatocytes. Depending upon the chromatin appearance and nuclear
diameter•.early and late stages of preleptotene, leptotene. zygotene. pachytene.
diplotene and metaphase have also been distinguished. These results cannot be
compared with other bird species as no such detailed studies are made previously.
The secondary spermatocytes reported in rose-ringed parakeet have smaller nuclei
than the preceding spermatocytes and are very few in number. Similar results have
been reported in quail (Yamamoto et a11967).
Spermiogenesis has been grouped into four phases. Golgi phase. head cap phase.
acrosomic phase and maturation phase as reported previously in birds and mammals
(Leblond and Clermont 1952; Cletmont 1954; Ortavant 1954;Clermont 1960; Kramer
1960; Hochereau 1963; Swierstra and Foote 1963). Spermiogenesis has been
divided into different subdivisions in different species. Twelve subdivisions have
been reported in quail (Yamamoto et all967). ten in domestic fowl (Gunawardana
1977). fifteen in rooster (Cavazos and Melampy 1954). However. De-Reviers (1971)
opined that PAS staining is not a satisfactory technique in the fowl for the recognition
of spermatid stages. Clermont (1958) also observed that PAS staining becomes
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weaker at stage seven in duck sperrnatids, The present authors also believe that only
technique is not sufficient to trace all the subdivisions of spermiogenesis. The
seventeen subdivisions of spermiogenesis in rose-ringed parakeet have been observed
from the sections and smears stained with PAS· haematoxylin, iron haematoxylin
and haematoxylin/eosin.

PAS

5. Conclusions
In most mammalian species, definite cellular associations can be recognised at any
given point in the seminiferous epithelium and these clearly indicate a seminiferous
epithelial cycle. Such definite associations have not been reported in birds. Perhaps
this is due to lack of efforts for a detailed study of kinetics of spermatogenesis. The
present investigation will form the basis for future quantitative analysis of the effects
of climatic factors and antifertility compounds on spermatogenesis in birds. It will
also help in the study of seminiferous epithelium cycle and of the relationship
between gonadotropins and spermatogenic activity.
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