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Abstract. Sperm morphology of the jerboas Allactaga and Jaculus species common in Egypt 
was described by light and transmission e lectron microscopy. Two morphs of spermatozoa were 
observed among these dipodids. One type observed in the sma ller jêrboa, A. tetradactyla, has a pad
dle-shaped long head, long ta il , and the connecting piece of ta il inserts off-centre at the base of the 
sperm head. The other fonn fou nd in both lesser j erboas, Jacufusjacufus subspecies and large jerboa, 
.Jacufus orientafis orientafis, has a pear-shaped short head, relatively short ta i! , and the connecting 
piece o f the ta il attaches midbasa lly to the lower concave surface of the sperm head. ln both types, 
the sperm has nearly the same interna i organization and the head is symmetr ical, bilatera lly tlattened, 
lacks any traces of hooks or processes, and is capped by a massive symmetTical apical acrosomal seg
ment. Accord ing ly, it was concluded that they are part of one evolutionary radiation and the « sym
men·ical head-short ta il » sperm type represents the ancestral type for dipodid rodents. Moreover, it 
was shown that the dipoclids share many of their sperm features with muroids. Hence, it was sug
gested that the dipodids cluring their evolution have formed a clade th at has been brancbed off either 
from Muroidea or Myomorpha. Of course this association needs more further studies which are un der 
consideration. 

Key Words: Sperm, morpho logy, ultrastructure, Dipodidae, rodents, Jerboas, Affactaga 
tetradacty fa, Jaculus spec. 

INTRODUCTION 

Observations on sperm morphology from most species of mammals have ind icated 
that although nearly ali eutherian spermatozoa have the same basic design, the morpho
logy of the head of the mature spermatozoon varies markedly between, and occas.ionally 
within, the various mammalian orders. [t is generally spatulate, paddle-shaped or pear
shaped, but in most murid rodents it is hook-shaped with the an teri or region of the nucleus 
surrounded by an elaborate acrosome and an extension of the ubacro omal cytoskeleton 
as a perforatorium (RETZIUS, 1909 ; FRI END, 1936 · BISHOP & AUSTIN, 1957 ; FAWCETT, 
1970; FAWCETT et al., 197 1 ; BREED & YONG, 1986 ; BEDFORD & HO KINS, 1990; BREED 
& MUSSER, 199 1; BREED & ArLIN, 1994 ; EDDY & O'BRIEN, 1994 ; BASKEVI H & 
LAVRENCHENKO, 1995 ; LAVRENCHENKO & BASKEVICH, 1996 ; BREED 1991 , 1995a, b, 
1997). The degree of variation in sperm head shape related to functional requirements is 
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still unknown. However, as appeared from studies on different mammalian groups, the 
patterns of similarity and difference in sperm head morphology can be indicative of inter
specifie or intergeneric relationships (LINZEY & LAYNE, 1974 ; HARDfNG et al. , 1979, 
1982 ; TEMPLE-SMITH, 1987 ; 1-lARDfNG & APLfNG, 1990; BREED & APLIN, 1994). 

Since recent studies on the spennatozoal morphology of murid rodents from certain 
continents have indicated a considerable range of morphological types in comparison with 
those occurring elsewhere (BREED & SARAFIS, 1979; BREED, 1980, 1983, 1984a, b; 
BASKEV ICJ-1 & LAVRENCI-I EN KO, 1995 ; LAVRENCHENKO & BASKEVICH, ] 996), it became pos
sible to use the sperm morphology data to evaluate the taxonomie and phylogenetic re1a
tionships and to support the conclusions arrived at from karyotypic_ and electrophoretic 
studies (BAVERSTOCK et al. , 1981 ; BR EED & YONG, 1986; BREED & MUSSER, 1991 ; BREED 
& APUN, 1994 ; BREED, 1991 , 1995a, b, 1997). 

The dipodids, jerboas, in Egypt were classified into two genera: A llactaga Cuvier, 
1836 and Jaculus Erx1eben, 1777 (OSBORN & HELMY, 1980) . The Allactaga has one 
species, A. tetradactyla (small jerboa), whi1 e the Jacufus incl udes two species, J orien
talis (grea ter jerboa) and J. jaculus (lesser jerboa). The latter species, according to OsBORN 
& HELMY ( 1980), has four subspecies, J. j. jaculus, J j. flavillus, J j. schlueteri, and J. j. 
butleri. 

According to AND ERSON ( 1967), the Dipodoidea likewise Muroidea and Gliroidea 
were cons idered as a fairly di stinctive group of Myomorpha. However earlier, the 
Muroidea were considered the nucleus of the Dipodoidea and Gliroidea (S IMPSON, 1945). 

Although some ecologica l, behavioral, anatom ica l, and phys iologica l information is 
ava ilab le on the jerboas, fami ly Dipodidae, (ELL · RM A , 1942; WASS IF, 1960; EL HILALI 
& YEILLAT, 1975 ; OSBORN & HELMY, 1980; LAKHDAR-G I-I AZA L et af. , 1992; l995a, b), 
there appears to be no further information on the sperrnatozoa ofNorth-Afri can Dipod idae 
or those occurring elsewhere. Thus the present study was undertaken to describe the 
appearance and organ ization of spermatozoa of the dipodids common in Egypt, and their 
signi fi eance for discrimination between these morphologica ll y simi lar jerboas . 

MATERIALAND METf-lODS 

Li ve adult males of three spec ies and four subspecies of jerboas belonging to two 
genera common in Egypt were co ll ected du ring the period of sexual acti vity (May-June) 
from the fo llowing loca li ties : 

- Allactaga tetradacty la Lichtenstein , 1 823 (Four-toed or small j erboa), n = 4 : Mer a 
Matruh. 

- Jaculusjaculus j acufus Linnaeus, 1758 (lesser jerboa with orangisb back and black tai ! 
band incomplete on the underside), n = 5 : EI-Faiyum, 

Jacufus jacu fus flavillus Setzer, 1955 (lesser jerboa with brownish back, hind fo t 

length less than 63 mm and ear length more than 23 mm), n = 5 : Sidi Ban·ani, 

- .Jaculusjacufus schfueteri Nehring, I 901 (lesser j erboa with brownish back, hind f< ot 
length more than 63 mm and ear length more than 23 mm), n = 5 : 1 mailia, 
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- Jaculus jaculus butleri Thomas, 1922 (lesser jerboa with brownish back and ear length 
less than 23 mm), n = 5 : Red Sea area, 

Jaculus orientalis orientalis Erxleben, 1777 (Greater jerboa), n = 5: Mersa Matruh. 

The animais were killed in the laboratory and the teste and epididymides were dis-
sected out. Small pieces of cauda epididymides were immediately fixed for about 11/2 hr 
in 3% glutaraldehyde made up in 0.1 M phosphate buffer (pH 7.4) for transmission elec
tron microscopy (TEM). After fi xation the samples were washed severa! times in 0.1 M 
cacodylate buffer (pH 7.4) and fi xed in 1% osmium tetroxide for l-l 1/ 2 hr, then rinsed 
aga in in buffer, dehydrated by passing through a series of ethanols and embedded in epoxy 
res in. Thick plastic sections ( 1 ~Lm) were eut, stained with toluidine blue and wh en appro
priate regions were found , ultrathin sections were obtained and stained with lead citrate 
and uranyl nitrate. The sections were subsequently observed with JEOL JEM- lOOCX li 
and photomicrographs were taken. 

In addition, sperm samples from ali individuals of each species were a Iso prepared for light 
microscopy (LM) by extruding the contents from caudae epididymides on a watch glass that 
contained 3% buffered glutaraldehyde. After fixation, drops of the solution with cellular mate
rial were placed on microscope si ides. After placing a coverslip on each slide, the spermatozoa 
were observed un der phase contrast optics and photographed with x 1 00 objective. 

Measurements of spermatozoa from each species were ta ken with an ocular mi erome
ter slide at x 100 magnification. The approximate lengths of the head, midpiece and tai! as 
weil as bread th of the head and midpiece were measured as described by BRE ED & APLIN 
( 1994). The combined length of the principal and end pieces of the ta il was taken because 
they are indistinguishable from each other under the light microscope. 

RESULTS 

The terminology used for describing orientation of the sperm head and morphology of 
the head and tai! follows BR EED ( 1983, 1984a, b) and FLAHERTY & BREED ( 1983). 
However, the terminology of the planes of sections through the sperm fo llows BREED 
(1995a, b). 

Two major sperm types were observed among the jerboas examined depending on the 
shape of the head and site of the ta il insertion into the head. One type (Fig. 1 b) has a pad
dle-shaped head, a broad face (6.0 ~Lm wide) and a connecting piece oftail that inserts off
centre at the basa l concave surface of the sperm head. The other type (Figs 2a ; 3a) has a 
pear-shaped head, a re latively narrow face (4.0 11111 wide) and a connecting piece of tai! 
that attaches to the mid basal concave surface of the sperm head. ln both forms, the sperm 
head appears symmetrical, bilaterally flattened, Jacks any traces ofhooks or proces es and 
narrows a little toward the connecting piece of the tai !. The aero ome is large and mas
sive ; it is symmetri cal with an apical segment form ing a cap above the bi latera l] y flattened 
nucleus and a thin equatorial segment extending along part of the lateral nuclear urfaces, 
caudal to which is the postacrosomal dense lamina. There is an invagination of the inner 
acrosomal membrane, into which the subacrosomal cytoskeleton or perforatorium pro
jects, as a midline apical ridge over the convex nuclear ur face. The midpiecc is readily 
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distinguishable from the principal piece of the ta il. The ultrastructural organization of the 
sperm tai! resembles that of other rodents .... 

Furthennore, differences in the dimensions of sperm head and tai! among the species 
studied are considerable (Table 1) and are as follows. 

TABLE 1 

Sperm dimensions o_fthe dipodoid rodenls in Egypl. 
The value given is the larges/ measuremenl f or each dimension ; 

al/ values are in micromelers (pm) 

Species Head Tai/ 
Lemh Bread th MP PP+EP 

Allactaga lelradactyla 9 6 15(2) 95 
Jaculus j. jaculus 7 4 8( 1) 50 
Jaculusj. butleri 6 4 7( 1) 50 
Jaculusj. schlueteri 7 4 8( 1) 50 
Jacu/usj. .flavi//us 7 4 8(1) 49 
.Jacu/us o. orientalis 8 4 7( 1) 46 

Total 

110 
58 
57 
58 
57 
53 

MP= Midpiece length ; the value in brackets is the midpiece breadth. PP+EP= Combined length of 
principal and end pieces. 

Al/actaga tetradactyla. ln A. tetradactyla, the sperm is considerably different from 
those of Jaculus species. The head has a paddle-shape (Fig. 1 b) ; it is 9.0 ~lin long and 
6.0 11111 wide. The ta il is relative! y long; it is Il 0 ~tm long, of which 15 11111 is distin
guishable as midpiece. The midpiece is inserted off-centre in a concave surface at the base 
of the head (Fig. 1 b, c, e, f). The acrosome forms a prominent gird le around the posterior 
nuclear region (Fig. 1 b, c). 

T EM sections through spenn head indicate that the nucleus is bil aterally fl attened and 
has a homogeneous electron-dense material ; it is thicker basally and thinner apically. Jts 
an teri or two-thirds is capped by the thi nner equatorial segment of the acrosome (Fig. 1 a, 
d, e, f). ln the anterior region of the sperm head the acrosome fo nns a th ick apical segment 
with a homogeneous electron-dense matrix over the dor al convex surface of the nucleu ; 
it presumbly corresponds to the principal segment with the thinner equatorial egment 
being present posteriorly (Fig. la, d, e, f). At the anterior tip oftbe nucleus tbere i a very 

Legenc/ to !he figures (see page / 93) 

Fig. 1. - Sperm morphology of A/lactaga telradactyla. b. Pha e-cootra t micrograph. a, c-f. T M 
micrographs showing sperm ultrastructure. (a) Scale bar = 0.23 ~tm, x 10 000 ; (b) cale bar = 1.33 
~tm , x 1 350 ; (c) Scale bar = 0.08 ~un, x 17 300 ; (d) Scale bar = 0.23 J..L.Il1 , x 10 000 ; (e) Scale bar = 
0.1 3 ~tm , x 17 000 ; (f) Scale bar = 0.98 ~tm , x 14 000. Abbreviation in this and the following plate 
are: Ac= acrosome; CP= connecting piece of the tai! ; ES= equatorial segment of the acrosome; MP= 
midpiece of the tai! ; N= nucleus; P= perforatorium ; Pl= pla mal emma; P DL= posta rosomal 
dense lamina ; T= tail of t.he sperm. 
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small accumulation of the subacrosomal material which passes a little down between the 
outer nuclear envelope and inn er acrosomal membrane (Plate 1 d). In the posterior region 
of the sperm head there is a relative! y short postacrosomal dense lamina which is tightly 
bound to overlying plasmalemma (Fig. la, d, e, f). 

Jaculus species. LM observations of spermatozoa from the two species of Jaculus, 
J. jaculus and J. orientalis, indicate marked similarity in form. The head is pear-shaped, 
i.e., it narrows slightly posteriorly, and the tai! atta-.:;hes to the lower midbasal concave sur
face of the nucleus (Figs 2a; 3a). The acrosome, in common with that of A. tetradactyla, 
is symmerical ; it has a large apical acrosomal segment th at forms a cap over much of the 
head surface. The tai! is relatively short. However, variations in the head and tail dimen
sions occur between the two species (Table 1 ). 

In J. jaculus subspecies, the sperm head ranges from 6.0 to 7.0 J.lm in length and is 
about 4.0 J.lm wide. The midpiece is readily distinguishable from the principal piece; it is 
from 8.0 to 9.0 J.lm long and 1.0 J.lffi wide. The principal and end pieces combined are from 
49.0 to 50.0 J.lm long. 

In J. orienta lis, however, the head is usually longer ; being 8.0 J.lffi in length, but in 
corn mon with J. jaculus, it is 4.0 J.lffi in width and has no hooks or processes. The ta il mea
sures 53 J.lm, ofwhich the midpiece is 7.0 J.lffi. 

TEM sections through the spermatozoa of J. jaculus subspecies as weil as J. orienta lis 
indicate that the bilaterally tlattened head has a homogenous electron-dense nucleus that 
tapers apically; on! y one-third of its covex margin is capped by the equatorial segment of 
the acrosome (Figs 2b, c, d ; 3b, c, d). There is a large apical acrosomal segment with a 
narrower principal segment over the anterior part of the nucleus, posterior to which the 
equatorial segment passes down over the convex nuclear margin with the postacrosomal 
dense lamina passing around the posterior caudal margin (Figs 2b, d, e; 3b, c, d). The 
postacrosomal dense lamina is relatively long in comparison with that present in 
A. tetradactyla, and cornes also in direct contact with the plasmalemma. The plasmalemma 
as in A. tetradactyla is wavy over the acrosomal region, but tightly bound to the underly
ing structures in the postacrosomal region (Figs 2b, c, d ; 3b ). The acrosomal ma tri x has a 
homogeneous electron-dense structure. A moderate subacrosomal space with a less elec
tron-dense material occurs between the inner acrosomal membrane and outer nuclear 
envelope (Figs 2b, c, d, e ; 3b, c, d, e). 

Legend to the figures (see pages 195-196) 

Fig. 2. - Sperm morphology of Jaculus jaculus jaculus (as "example of Jaculus jaculus sub
species). a. Phase-contrast micrograph. b-e. TEM sections through the sperm showing sperm 
ultrastructure. (a) Scale bar = 1.33 ~Lm, x 1 350 ; (b) Scale bar = 0. 15 J.!lll , x 20 000 ; (c) Scale 
bar = 0.15 ~m, x 20 000; (d) Scale bar = 0.15 ~111 , x 20 000 ; (e) Scale bar = 0.33 ~Lm , x 10 
000. 

Fig. 3. - Sperm morphology of Jaculus orientalis orientalis. a. Pbase-contrast micrograph . b-e. 
TEM micrographs showing sperm ultrastructure. (a) Scale bar= l.33 ~111 , x 1 350 ; (b) Scale 
bar = 0.20 ~m, x 20 300 ; (c) Scale bar = 0.13 ~m, x 27 000 ; (d) Scale bar = 0. 15 ~tm, x 20 
000 ; (e) Scale bar = 0.06 ~m, x 40 000. 
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DISCUSSION 

... 
Two spennatozoal types were observed among the dipodids examined. The first is 

found in A. tetradactyla and typified by a paddle-shaped long head, long tail, and the con
necting piece oftail inserts eccentric or off-centre at the lower concave surface of the head. 
The second type is fou nd in both J. jaculus subspecies and J. orienta lis and characterized 
by a pear-shaped short head , and short tail that attaches at the lower miclbasal region of the 
head . These two morphs may be alternations of a single morpholog ical type ; the ple
s iomorphic type (BREED & MusSER, 1991 ). In bath cases the sperm head is bilaterally tlat
tened and symmetrical with a basall y attachee! , and relatively short, sperm tai!. 

ROLDAN et al. ( 1992) concluded from the wide distribution among myomorph and per
haps caviomorph rodents of the ples iomorphic sperm head that lacks an apical book and 
is associated with a shorter ta il , that it represents the ancestral condition for Rodentia as a 
whole and is basal to each of the major radiations within Myomorpha. Moreover, they fur
ther postulated that the elongate falciform head form was apomorphic and bad evo lved on 
a number of different occasions within the Muroidea . 

Generally, the considerable heterogeneity in sperm head morphology does not show 
any obvious adaptive s ignificance, i. e., not to be relatee! to eco logy or !ife hi story and may 
have evo lved by ranclom genetic drift (AUSTIN, 1976 ; BREED & YONG, 1986). Accorcling ly, 
sperm morphology may be a useful inclepenclent character for g leaning information about 
the genea log ical relationships when considered in relation to other morphological, bio
chemical , and karyotypic data (BR EED & YONG, 1986). The s ite ofattachment of the sperm 
ta it to the head and the occurrence of the subacrosoma l cytoske leton or perforatorium 
beneath the acrosome vary markeclly between rodents (BR EED & YONG, 1986; B REED & 
MU SSER, 1991 ; BREED, 199 1, 1995a, b ). As clescribed by BREED ( 1995b ), the falciform 
sperm nucleus is al ways associatecl with a highly deve loped cytoske leton, presence of a 
perforatorium, asymmetrical acrosome, and a relatively long tait tbat usua lly attaches to 
the lower concave surface of the sperm head. Converse ly, a more symmetri ca l nucleus is 
accompanied by a s impler structural organi zation of the cytoske leton, sometimes a rela
ti vely short tait that attaches basally, and a more symmetrica l acrosome. A n interpretation 
of this assoc iation of morphological tra its is still obscure, a lthough BREED ( 1995b) sug
gested that the occurrence of highl y developed and elaborate cytoske leta l structures and 
long sperm tails of the falciform-shapecl sperms may be adaptations for chromatin protec
tion needecl during the phys ica l thrust of the sperm through the zona pellucicla . On the 
other hanc!, spermatozoa with a poorly deve loped cytoske leton, pat1ly condensed chm

matin , and large acrosome, as describecl by BR EED ( 1995b) and observed in the present 
study, may occur w here a large ho le is d igestecl in the zona as a resu lt of the release of 

acrosoma l contents wi thout need for any phys ica l thrust. 

ln concl us ion , the present data on sperm morphology demon trate that the two species 
J. jaculus and J. orienta lis are more simj lar to each other than either of them to 
A. tetradacty la . However, the s imil ar ity of the internai structural organizat ion of sperm in 
these three dipod ids suggest very strongly that they are part of one evolutionary radiation 
and thi s « symmetri ca l head-short ta i! » sperm type represents the anceslra l condition for 
dipoclid redents. Moreover, the clipodicls in Egypt have many of mur id sperm feature . 
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Therefore, they are not so apart from muroid rodents and may form a clade that is either 
an offshoot of Muroidea (SIMPSON, 1945) or may have branched off from the Myomorpha 
(ANDERSON, 1967). Furthermore, sperm morphology provides good taxonomie evidence 
for discrimination between these extemally similar jerboas. 
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