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PREFACE 

The experimental work described in this thesis was carried out initially in the 
Department of Zoology, University of Natal, Pietermaritzburg and subsequently 
in the Department of Biological Sciences, University of Natal, Durban and the 
Institute of Natural Resources, University of Natal, Pietermaritzburg, from 
February 1977 to December 1983 under the supervision of Professor J Hanks. 

These studies represent original work by the author and have not been submitted 
in any form to another University. Where use was made of the work of others it 
has been duly acknowledged in the text. 

S.G. SOWLER 
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ABSTRACT 

This study was carried out on the Natal South Coast between 30° 12' Sand 
30° 19' S, v1here 1085 ~pomoRhorous \'Jahlbel.::.9..1 I'jere caught by mist~·netting, and a 
captive breeding colony vias kept hetween June 1977 and Febt'uary 1982. 

Age detennination techniques \'1ere developed using three criteria; linea r 
growth measurEments to obtai n the age of animal s pri or to the attai nment of the 
grol'Jth asymptote, tooth eruption to detenn-ine the age of animals prior to the 
attainnent of a full pennanent dentition, and tooth v:ear in combination \'Jith 
birth-pulse timing to obtain the age of animals after the grol'/th asymptote and 
full pennanent dentition had been reached. Stev ens asymptotic growth curve, 
perfonned on foreal11l length, eye-nose distance and zygomatic \ridth, 
observations of tooth eruption in cage born bats and linear regression of tooth 
height , data provided the basis for age pred·ict ·ions. Age structure of the 
population indicated that the greatest percentage of losses occurred between 
the 5-10 and 10-15 month age group in both sexes. A maximur.J ecological 
longevity of nine years is suggested. 

A killed sample of 81 males and one live caged male provided the basis for the 
male reproductive study. Puberty onset occurred at eight months and sexual 
maturHy attainment at 13-17 months. Sperm \'las present throughout the year 
and no seasonal variations in testicular or gonadial parameters occurred. 
However, seasonality was shov-ln in body mass, blood testosterone levels, 
epaulette hair length, calling and testes position. The unusual and constant 
presence of spermatocytes/spemlat ids . in the epididymis cauda Vias observed and 
meiotic abnonnality suggested as an explal1<ltion. Epaulettes have an attractive 
function for fenal~s during the mating period, and calling probably acts as a 
means of year-round territory maintenance. Lek mating is considered possible 
and a seasonal change in behaviour during the mating season from male groups to 
individual call ers may occur. 

Five hundred and fifty three captured and r'el eased f Slla l es and a kill ed sampl e 
of 111 females provided the basis for the fEmale reproductive investigation. 
Puberty commenced at 2,5 months and sexual maturity was attained at six months. 
The first proestrus onset took place at a mean dge of 5,6 months and first 
conception at 6,2 months. The species exhibits a seasonally polyoestrous 
pattern \'1; th an extended seClson. Concept ions occur froln May to Decenber, the 
peak months being ~~ay , Jun e and July. Births occur from October to June \vitll 
the peak birth season in Novanber and DecBnber. The majority of fema les 
undergo one pregnancy per year termi nat i n9 in Novenb er/December \'1ith a small 
percentage tenninating around April. 

Primordial, primary, secondary and early vesicular follicles Here present in 
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the ovary year round. The presence of intel111edi ate and late vesicul ar 
follicles however follo'l/ed a seasonal pattern covering April to Novanber. 
Increased uteri ne epithel i al height and endmietri al 91 and numbers follo\'/ed a 
bimodal pattern. 

Oestrus can occur in the absence of a male and conception peaks coincided with 
shortest daylength, 10\'Iest rainfall, tenperature and humidity. Fruiting and 
rainfall are suggested as ultimate causes of breeding as the peak in lactat"ion 
coincided with rainfall and fruiting maxima. 

A ·series of timetables showing variations in the timing of the annual 
reproductive cycle with one and two pregnancies is presented. A precaution 
against abortion and preparation for a postpar tum pregnancy were used to 
ex~ain the presence of intennediate and late vesicular follicles in the non
luteal ovary at the beginning and end of pregnancy. 

Ovaries and uterine horns shol1ed 11 function al dextral dominance although 
anatanically left and right appear symmetrical. Alternation of ovarian 
function betvleen left and right may occur in those animals undergoing two 
annual pregnancies. A localized endometrial reaction may occur but was not 
conf i rmed. No transovul a r migrat i on takes pl ace. The corpus 1 ut eum reached 
maximum size at the begi nni ng of pregnancy and Has absent at the end. 
E. wahlbergi was found not to fit into the usual pattern of autumn conceptions 
and spri ng bi rths. The speci es shov/ed a high fecundity rate for a monotocous 
species and the gestation period lias long for its body size. 

Parturition, lactation, maternal care and juvenile behaviour were observed in 
the captive colony. A method for inducing birth, using Prostaglandin E2 and 
Oxytocin Has applied. Births took ~ace during daylight hours. The labour 
posture was head dO\im and del ivery occul'red after three hours of labour. Fetal 
presentation was head first and placental delivery \'Ias delayed until 
approximately two hours after birth. Placentophagia was observed. The infant 
is born dorsally furred, \,/i th eyes cOl osed and 1 arge lTluzzl e, wei gh i ng up to 20,3 
% of the mother's postpartum mass. 

Mother/infant behaviour and juvenile behaviour up to flight initiation is 
'" ..3 described. Competent fl ight takes pl ace at a mean age of .81, ,1 days. r~il k is 

higher in carbohydrate content and lOHer in protein content than previously 
studied insectivorous bat Inilk. A correlation is suggested bet\'Ieen head first 
delivery presentation, delay in placental delivery) appearance of the infan t at 
birth and those species \vhOich carry their young ;n fl ight instead of leaving 
than behind in a nursery. 
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CHAPTER ONE 

INTRODUCTION 

1.1 THE ORDER CHIROPT ERA 

1.1.1 Origin s, evolution and palaeontology 

All members of the order Chiroptera possess the unique ability among 
mammals of true powered f light. This has enabled them to utilize a medium 
unexploited by others of the class. Theil" success in this is evidenced by 
the fact that there are 175 genera and 875 sp ecies (Jepsen, 1970) second 
only to rodents in the cl ass Mammal i a. Jepsen (1970) rem arked: Ino other' 
grade of mammal has ever had so many eccentric and extremely specialized 
characteris t ics combined into such a highly successful organism'. 

From where did bats originate and by what stages did they become so 
successfully volant? Despite a lack of eV,i den ce in the form of fossil 
clues, there seems to be little diversity of speculation about these 
answers. Most of the concerned authors believe that some arboreal 
insectivore) perhaps a small population group, passed tachytelicly through 
a gliding phase and quickly perfected the ~tructures for flight. 

Jepsen (1970) suggests a three stage theory of evolution. Stage one was 
the imaginary Ipre-bat'; a smal"! inconspicuous insectivore-l ike nocturn al 
inhabitant of ground-bush-tree regions in tempero.te latit.udes. It wa s 
omnivorous and by means of smal"l leaps caught its prey in large webbed 
front feet. In stage hlo the vJebbing on the front feet had extended and 
was used to catch flying prey. Skin flaps join ed the for e -limbs to the 
sides of the body enabling the 'sub-bat' to be briefly sustained in the 
ai r by fl appi ng. The hi nd .. ,foot took over some of the functi ons formerly 
performed by the fore - l imbs such as grooming, food grasping and ho'iding. 
Foo~ specialization began, some form s possibly tu rn ing to fruit~ initially 
as a source of worms and grubs. \-Jith dietary changes new dental types 
appeared, along \'lith various modific ations and developmen ts in limb and 
tail structures. Fruit bats r equ ire freedom of hind-l imbs in or-der to 
hang by one foot and maneu vre fruit to t he mouth. Reduction of tile tail 
and uro patagium was an obvious mod ification. Stage three Has a 
continuation in refinement to the prese nt condition ilnd a diversification 
of habitats, diets and behavioul\ 

Such theories may suggest answers to th e questions 'Hhcre from ?I and 
'How 1 1

, bu t fossil evidence is avai l ab l e to at l east partially answer 
IWh en l' The s ingl e spec i nlen Ic ar~ n'yctel" is _D.!.dt'i, discovered in the, 
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fossil-fish marlstones of the Green River formation, southwest Wyoming, is 
at present the 01 dest bat (Jeps e n, 1966; 1970). The deposits are lower 
Eocene which dates the speci men at ± 50 million years. Remarkably 
complete, the skeleton has provided valu ab le information for compardtive 
osteal ogy ~Ii th modern chi ropts and c1 ues for specul ati on on the speci men's 
mode of flight, diet, sex and age. 

I. index was a true flyer and is not considered a linking fossil between a 
non-vol ant ancestor and vol a nt descendants. .A. number of its 
characteristics are thought primitive and lacking in specialization, hut a 

. few are especi ally characteri sti c of the present-day Megachi roptera (frui t 
bats); long nasal bones, pal ate projected rean'lards 51 ightly beyond the 
posteri or mol ars, ascendi ng process of the denta ry broad antero·' 
posteriorly with high rounded superior border and digits one and two both 
termi nati n9 ina c1 aw (Jepsen , 1966). l.~~ combi ned features \-fhi ch 
are widely distributed among living bats, but has been p"aced by 
taxonomists in the suborder Micrachiroptera. Without more fossil evidence 
the eval uti onary posi ti on of thi sane speci men is uncertai n and Jepsen 
(1970) remarked: '~dex may have been di rectly ancestral to all or to 
some 1 i vi ng mi crobats and megabats, or to none of our contemporary 
chi ropts ' . 

The ori gi ns of modern r·1egachi ropterans may have been much 1 ater. The 
oldest known fossil megabat, Archae op tetopus transiens, is 35 mill'ion 
years old from the Oligocene (Anderson, 1912; Dal Piaz, 1937; 
Meschinel11,1903). It is thought to have had a w-ingspread of about one 
metre, a long tail, well developed calcars, a long clawed index finger and 
teeth with pointed cusps. 

1.1.2 Classification 

The c1assHication of Chiroptera is as follows (Young, 1962): 

Class 
Subclass 
Infraclass 
Cohort 
Order 

I~ammali a 
Theria 
Eutheria 
Unguiculata 
Chiroptera 

The oldest Eutherian fossils are insectivores from the upper Cretaceous 
and probably gave ri se to all other orders of Euther; a (t~attl1e\,ls, 1969). 
Those orders which showed the closest affinities to the primitive 
insectivore stock v!ere group ed by Simpson (1945) under the cohort 
Unguiculata. 



3 

The Chiroptera are characterized by a patagium involving all the digits of 
the hand except the f"j rst, and extend; n9 along the si des of the body to 
i ncl ude the 1 egs and usually the tail but not the feet. The radi us, ul na 
and particularly the phal anges are elongated and a keeled sternum is 
present for pectoral musc"l e attachme nt. There is fusion of the sternum, 
cl avi cl e and scapul a in many speci es and the pel vi sis rotated so that the 
acetabulum li es dorsally, positioning the hind- limbs outward and up\'Ia rd. 
Th e hi nd-l egs are vJeak and the f ee t have fi ve curved, cl a\"t'ed di 91 ts. A 
wing claw is present on the first digit of the fore-limbs and respiration 
is diaphragmatic. 

The order is further divided as follows (Walker, 1975): 

Order 
Subo rder 
Fami ly 
Suborder 
Family 

1.1.3 

Chiroptera 
r~egacl1i roptera 
Pteropod"j dae 
Nicrochiroptera 
Rhi nopomati dae 
Emballonuridae 
Noct il i on i dae 
Nycteri dae 
Rhi nol ophi dae 
Hegadennati dae 
Hipposideridae 
Mormoopi dae 
Phyllostomatidae 
Desmodontidae 
Natai i dae 
Furipteridae 
Thyropteri dae 
Myzopodi dae 
Vespertilionidae 
Nystacinidae 
Holossidae 

Megachiroptera with reference to South African species 

The sub 0 r d e r 1'1 ega chi r 0 pte r a has 0 n e fa m"i '\ y Pte r 0 pod ida e , k n 0 ~I n a sOl d 
World fruit bats or flying foxes. The family has 39 genera and 
approximately 130 species found in the tropical and subtropical regions of 
the Old Hotld east to Australia, Samoa and the Cal'oline Islands (Walker, 
1975; (FIGURE 1). 

Megachiropteran character ist "jc5 .11'e a simple funnel shaped ear with no 
tI~agus, ·1 arge \'Jell dew'loped eyes, long papi11 ated tongue, s i mpl e teeth 
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FIGURE 1 Geographic range of the suborder 
Megachiroptera (after Kingdon, 1974) 
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with longitudinally grooved molars, a deeply ridged palate for fruit 
crushi ng, wi ng cl aw on the second di gi t (except in Dobsoni a, Eonycteri s., 
Neopteryx, Nesonycteris and Notopteris), a tail which -js either short, 
rudimentary or absent (except Notopter-i s) and the uropatagi um present only 
as a narrow band not joining the legs and tail as in the Microchiroptera. 

On the Afl"ican continent there are 12 genera of megabats, comprising 28 
species (Meester & Setzer, 1971; Bergmans, 1980) and a further genus of 
nine species inhabits the tropical Indian Ocean Islands beh/een the East 
African coast and longitude 65 0 E (TABLE 1). 

Of these 12 genera, nine consisting of 17 species are found in the 
southern Afri can subconti nent (Angol a, Bots\'/ana, Mal awi, Mozambi que, 
Namibia, Republic of South Africa, Zambia and Zimbabwe), Angola having the 
greatest diversity of fruit bat fauna with 14 of these species (llieester & 
Setzer,1971). In the Republ-jc of South Africa \'/here this research was 
carri ed out, two resi dent genera o~cur, Epomophorus and Rousettus. 

Epomophorus is represented by t\'/o speci es. Epomophorus wahl bergi 
(Sundevall, 1846) Viahl berg's epaul etted bat occurs from the Northern and 
Eastern Transvaal in the north, along the eastern coastal bel t to 
Plettenberg Bay, Cape Province, in the south (for authority see 1.2.3). 
Epomophorus crypturus (Peters, 1852) Peters' epaul etted bat is recorded 
from the Eastern Transvaal 1 owvel d (Rautenbach, 1982) and from Natal, 
South Coast region (Cowles, 1936). (During the course of this study 
however no specimens of E. crypturus were coll ected). 

Rousettus aegypti acus (Geoffroy, l8l0) the Egypti an frui t bat is found 
throughout the Republic to the Cape Province, choosing large roomy caves 
for roosting where the temperature fluctuations are at a minimum (Jacobsen 
& Du Plessis, 1976). 

Eidolon helvum (Kerr, 1792) the straw coloured fruit bat has occasionally 
been reported as occurr-ing in the Cape Province (Herselman & Hanekom, 
1978), Natal (Sapsford, pers. comm.), the Orange Free State and the 
Transvaal (Roberts, 1951). Kingdon (1974) and Roberts (l951) attribute 
its presence in South Afri ca to its Illi gratory habi ts. 

1.1.4 The genus ~mQ.£.horus (Bennett, 1836), Genotype 
Pteropus gambi anus (Og11 by, 1835). 

The genus Epomophorus of eight species, inhabits Africa south of the 
Sahara, ranging throughout the woodland savanna regions, but not found at 
al ti tudes above 2000 m (Ki ngdon, 1974). 

Two spec; es I~~l ber..rrl~ and E. c rypturu.?_ ex tend so uthwa rd~ into So uth 



TABLE 1 Megachiropteran species of Africa and the Indian Ocean 
Islands lying between the East African coast and and 

longitude 65° E (after Meester, Setzer, 1971; 
Bergman, 1980) 

Casinyeteris argynnis 

E i dolo n h e 1 v Un! 

Epomophorus angol ensis 
Epomophorus anurus 
Epomophorus crypturus 
~pomophorus gambianus 
Epomophorus labiatus 
Epomophorus pousarguesi 
Epomophorus reii 
Epomophorus wahl bergi 

Epomops buettikoferi 
Epomops dobsoni 
Epomops frangueti 

Hypsighathus monstrosus 

Megag 1 ossus I'/oermanni 

Micropteropus grandis 
Mi cropteropus i ntermedi us 
M;cropteropus pus;'lus 

Nanonyeteri s vel dkampi 

Pl erotes anchietai 

PteroQus aldabrensis 
PteroDUS ---' COlllorens is 
Ptero~us livingstoni 
Ptero12us niger 
Pteropus rodricensis 
Ptero~us rufus 
Ptero~us se,le he 11 ens is 
Pteropus SUI) ni ger 
Pteropus voel tskovli 

Rousettus aegypt i aeus 
Rousettus angolensis 
Rousettus lanosus 

Scotonycteris ophiodon 
~nycteris zenkeri 

6 
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Africa along the eastern coastal belt, centrally through Zaire and Zambia 
and across to the west along the northern coastal regions of Angola 
(Meester & Setzer, 1971). 

Epomorhorus~olensis (Gray, 1870) is a southwestern species occurring 
only in southern Angola and Namibia (Meester & Setzer, 1971). 

~mophorus gamb 'i_anu~ (Og"ilby, 1835) and Epomophorus anurus_ (Heug lin, 
1864) are found across central Afri ca; L _9..ambi Jnus parti clll arly from the 
west; Senegal, Mali to Zaire and Eth~opia and E. anllrus. particularly frOln 
the east; Tanzania, Kenya, Sudan to Zaire (Kingdon, 1974; Meester & 
Setzer, 1971). 

Epomophorus 1 abi atus (Temm i nck. 1837) is a centra1 eastern speci es found 
from Ethiopia, south to Zambia and Malawi (Meeste r &·Setzer, 1971). 

Two speci es, Epomophorus rei i (Aell en, 1950) and Epomophorlls pousarguesi 
(Trouessart, 1904) have 1 imited di stributions. 

E. reii is found only in north ern Cameroun (Meester & Setzer, 1971) and 
E. pousarguesi from the Bangui district of the Central African Empire 
(Bergmans , 1978a). 

1.2 EPOMOPHORUS WAHLBERGI 

1.2.1 Taxonomic history 

E. wahlbergi was first described by Sundevall in 1846 under the synonym 
Pteropus wahlbergi from a collection of southern African mammals made by 
Wahl berg (PLATE 1). 

Epomophorus was first proposed as a genus separate from Pteropus because 
of the backward placing of its \'1in9s (las almost to seem to be placed 
behi nd the centre of gravi ty') and its epaul ettes (Bennett, 1836). Thi 5 

proposal was preliminary, based on an example of what is now called 
E. gambianus, but la ter (lccepted as the first description of a nel''' genus. 
This did not prevent SUlldeval"l in 1846 describing a new and apparently 
epomophori ne spec; es as Pte!..QPus \'Iah1 bergi. Peters (l867) was the fi rst 
to recogni ze that Sundeva11 1s P. ",,,ar.l berg; actually belonged to the genus 
Epomophorus. 

Anderson (1912) recognized tv,lO subspecies, ~_._\ ... aJ'lbergi haldemani 
(Halowell, 1846), occurring in the northern and western parts of the 
s p e c ; e s ran 9 e ( M e est e t' & Set z e r, 1971.) and E. \0,1 a h 1 be f q i w «h 1 be r q i ___ . _ ____ --> h _ 
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PLATE 1 The species Epomophorus wahlberg; 
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(Sundevall, 1846), present mai nly in the southern and eastern parts of the 
range (see 1.2.3) ( ~1eeste r & Se tzer, 1971). Anderson (1912) traces the 
history of these t\'IO subspecies and presents a list of their synonyms. 

1. 2.2 Description 

The species attains a maximum mass of 150 g and a maximum forearm length 
of 90 mm. Its colour ranges from grayish brown to light buff brown with 
characteri stic tufts of white hair in front of and behind the ears (PLATE 
2). The ears ate erect, round ed and hairl ess and the eyes are large and 
ranging in colour from gold en brown to greenish brown. lhe maximum 
wingspread is 500 mm, the pat ag ium stretching between digits two and five. 
Digits one and two terminate in a wing claw (PL ATE 3). A vestigial 
external tail is present beneat h the interfemo ral membrane. The feet have 
five toes bearing long curved claws which act as efficient hooks for 
hangi ng from branches. , 

Sexual di morphi SOl is appar2llt, the adul t mal es bei ng 1 arger and heavi er 
than the females and bearing loose eversible pouches, containing long 
white hairs on the shoulders (PLATE 4). From this the genus gets its 
common na me of 'epauletted fruit bat'. A ruff of darker fur, reddened 
alffiost naked throat region and large folded pendulous lips distinguish the 
mal es. When repl'oducti vely act; ve the testes are scrotal. 

The females have one pair of pectoral mammae with nipples situated 
subaxi ally. 

The sku 1 1 i s e 1 0 n gat e ct , e x pan din gpo s tel' i 0 r 1 y \.!i t has hal low den tar y 
(PLATE 5). The denta.' forlllul a is (Grasse, 1955): 

212 1 

12 C-;:- P~ ~l-; 

The teeth have closed roots and are specialized for carrying fruit in 
fl i ght and crushi ng and pul pi n9 it to extract the jui ceo Ti ny i nci sors 
are present anteriorly, large curved, pointed canines, premolars v/ith 
sharp longitudinal cusps and positioned posteriorly are the broad, 
slightly flattened molars. A single palate ridge beyond the tooth rOI'l 
dis t ; n 9 u ish est h ; ssp e ci e s fro In 0 the r s 0 f the g en u s 0.1 e est e r & Set z e r, 
1971). A simpl e alimentary canal showi ng little regional 
differentiation, is consistent with a liquid diet of fruit juices. 

1.2.3 Distribution 

Information concerning collecting localiti es and site records obtained 
from the sources 1; sted belO\'/ and from mated al exam; ned in the Kaffrar'; an 
Huseum, King Hi11iam's To\'1 n and the Natural History t1useum, London, enabl ed 
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PLATE 2 ~m 0 P h 0 r u s \'I a h 1 b erg ish 0 \'I i n 9 the 
characteristic tufts of \'/hite hair in front 
of and behi nd the ears, present in both 
sped es 
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PLATE 3 Epomophorus wahlbergi showing the wing claw 
present on digit one 
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PLATE 4 Epaulette in the male Epomophorus wahlbergi, 
consisting of a loose eversible pouch bearing 
long white hairs 
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PLATE 5 Skull and lower jaw of Epomop~orus wahlberg; 
(x 2) 
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a di stributi on map for E. v/ahl bergi to be compil ed {FIGURE 2). 

The northernmost points from which materi~ has been collected are Caitoi 
in the Somali Republic (Fun aiol i & Lanza , 1968) and Karamoja district of 
Uganda (Kingdon~ 1974). The species occurs in central and southern Kenya 
(Anderson, 1912; Kingdon , 1974), easter n Uganda (Kingdon, 1974), the 
southern tip of Burundi (Bergma ns, pers. comm.), Tanzan ia (Anderson, 1912; 
Kingdon, 1974; Rautenbach, pe rs. com m. ), the northern and eastern reg; ons 
of Zambi a (Ans ell, 1960; Bergmans, pers. comm.), Zi mbabwe (Sllli th ers & 
Wil son, 1979), t~ al al'Ji (Chimi mba , pers. comm. ), Mozambique (Bergmans, pers. 
comm.; Rautenbach, pers. comm.), Northern and Eastern Transvaal (Lyste r 
Jameson, 1909; Rautenbach,1982; Jacobsen, pe ts . comm.), Sl'/aziland 
(Rautenbach, pe rs. comm.) and down the Natal coastal be 1t (Bergmans, pers. 
comm.; Bourquin, pers. comm.; Rauten ba ch, pers. comm.) to the souttlern 
limit so far collected, Keurboomsrivier, near Plettenberg Bay in the Cape 
Provi nee (Hersel man, pers. comm.). 

The range al so extends across southern Zai re (Hayman, r~i sonne & Verheyen, 
1966), to the Angolan coast as far south as the Lucira district (Anderson, 
1912; Bergmans, pers. comm.) and northwards through Cabi nda (Anderson, 
1912), Congo (Bergmans, 1979; Malbrant & ~1cClatchy, 1949), to its 
northern limit on the west coast, Port Gentil in Gabon (Allen, Lang & 
Chapi n, 1917; Anderson, 1912; l~al brant & t~cCl atchy, 1949). 

Bergmans (1979) expressed doubts concerning the identification of the 
immature specimen from southwest Cameruun (Anderson, 1912). Subsequently 
he has seen more material from this country, but no specimens of 
E. wahlbergi have been identified (Bergmans, pers. comm.). For this 
reason the Cameroun local ity has not been incorporated into the 
di stributi on map. 

The specimen from northern Zaire, mentioned by Hayman ~t a1. (1966), had 
been incorrectly identified (Bergmans, pers. comm.). Recent collecting 
expeditions to the Ivory Coast (Bergmans, Bellier & Vissault, 1974), 
Nigeria (Happold & Happold, 1978), Central African Empire (Vielliard, 
1974), Rio Muni (Jones, 1971), Sudan (Kod, 1969) and Ethiopia (Largen, 
Kock & Yalden, 1974) have not found this species. 

1.2.4 Ecology 

1.2.4.1 Habitat 

E. wahlb~~ is a savanna, vlOodland and forest margin species 
(Kingdon, 1974L roosting dU:"ing the day in a variety of 
situations. Wielder & Seibt (1976) found them roosting on the 
midribs of coconut pal ms (Cocos nl1cifera) and on the underside 
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FIGURE 2 Distribution of ~omophorys wahlberg; 
(iompiled from information sources listed in 
1.2.3) 



'. 
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of thatched roofs. Kingdon (1974) mentioned the main ribs of 
ban a n ale a ve s (M u s ~. ), 111 a n go (M a n 9 i fer a i n d i c a) and 0 the r 
thickly foliated trees, as favourite roost sites. 

Roost sites seem to be chosen for their abilfty to provide 
shelter from wind and rain, a good view of the ground below and 
inaccessibility to tree ci imbing predators. In the study area 
(2.3.1.7) favouri te roosts were underneath the upper canopy of 
1 arge 1 eaved fi gs (Fi cus vogel i i), strangl er fi gs 
(Ficus natalensis), midribs of palm fronds of the Cuban Royal 
Palm (Roystonia regia) and occasionally in Jacaranda trees 
(Jacaranda mimosifolia). 

1.2.4.2 Behaviour 

(a) Roosting 

The species roost in groups of three to 100 individuals 
(Kulzer, 1962), preserving a distinct interpersonal 
distance (Wickler & Seibt, 1976). Wickler & Seibt reported 
that they establish principal roosts for many years in 
suitable areas and have preferences for special places 
within the roost area. Departure times from, and return to 
the roost are remarkably constant (\>/i ckl er & Seibt, 1976) 
and observations made during the course of this work concur 
\'lith thi s, though departure times vary with time of sunset. 

(b) Comfort behavi our 

Whil e roosti ng, the animal hangs moti onl ess by one or both 
feet, either \."ith the snout clearly visible and the eyes 
open or closed, or with the snout drawn in to the belly and 
the face and eyes covered by the \."i ng membrane. 

Grooming occurs in bouts of two to three minutes, in which 
the bat carefully nibbles and licks the fur, thumb claws, 
ears and wing membranes. The hind-foot acts as a comb 
raking through the fur. 

Frequent stretchi ng of the wi ngs occurs duri ng groom i ng 
activity bouts (Hickler & Seibt, 1976). Periodically, the 
roosting bats have been seen to swing gently from side to 
sid e \'J i t h n 0 0 the r ass 0 cia ted m 0 vern e n t (\~ i c k 1 e r & S e ; b t , 
1976 ). 

(c) Fl ; 9h t 
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F 1 i 9 h tin t his Meg a chi j' 0 pte ran iss l ow and win 9 con t act s 
vdth obstacles occur (Wickl e r & Seibt, 1976). Kingdon 
(1974) remarks on th e ir 10v/leve1 of flight and the 
infrequency with which th ey rise above the tree canopy. 
~·!ickl er & Seibt (1976) noted that \:Jhen taki ng off, the bats 
may simply 'drop' from the roost with a sl ight preparatory 
open ing of their wings. Landing is usually accomplished by 
simply hooking the wing C1alllS onto the midrib Ot hlig with 
the 1 a s t win 9 s t r 0 k e. The fee tar e the n s \~ u n 9 u P war d s to 
take a firm grip while the wing claws relinquish their 
hold. A few 'steps' with the feet, to find a conven-ient 
position, completes the maneuvre. 

(d) Caliing 

t~al e Epomophorus and other rel at ed genera (Epomops, 
Mi cropterop~ and Hypsi gna thus) are Imo\,1n for thei r hab; t 
of emitting loud, metallic calls (Aellen, 1952; Bradbury, 
1972; Brosset, 1966; Allen, Lang & Chapin, 1917; 
Rosevear, 1965). Dobson (1881) de scribed the epomophori ne 
larynx as long, capacious I,lith ossified walls. 

\·1 i c k 1 e r & S e i b t (19 7 6 ) stu die d t he be h a v i 0 u r 0 f mal e 
E. wahlberg; associated with calling. Shortly after 
leaving the roost, the males start calling, often from 
nearby trees. Duri ng conti nuous call i ng, the ani mal may 
turn from one side to the other ~ith slightly opened, 
qui veri ng \~i ngs, bri efly c'l osi n9 with each sound em iss ion. 
Wickler & Seibt also observed epaulette cversion and hair 
erection during the process of calling. 

' 1.2.4.3 Feeding 

fP-0mophorus feeds on many It.Jild fruits, particular'ly of the 
fa mil y ~1 0 r ace a e (W a 1 k e r, 1 9 7 5 ; \oJ i c k 1 e r & S e i b t, 1 9 7 6) and ° n 
soft cultivated fruits, such as mango, guava (PsidiulTI guajavaJ, 
bananas, peaches (Prunus persicll) and pawpaws (C ari ca papo.~_~ ) 

(Kingdon, 1974). Wickler & Seibt (l976) provide a list of 
i ndi genous frui ts \':hi eh they saw the spec; es fe ed; ng on in 
Kenya. 

The fruit is picked~ eithcr by landing next to it, or hov e ring 
alongside. It is carried in the Mouth to a perch some distance 
from plucking. During eating the bat hangs by one foot us ing 
the other and the wings to guide the food to th e mouth. The 
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j u ice i sex t r act e d bye r u s h i n 9 b e bJ e e nth e tee t h, and the ski n 
and seeds spat ou t. Wickler & Seibt (1976) never obse rved fruit 
debris beneath roost sites and assumed that food was never 
consumed in the roost. 

Berg ma ns (1978b) critically reviewed reports of drinking 
behav i OUI' ; n l~egacl1i roptera. Rousselot (1950) rel ated how he 
saw ~ambi anus fly so low over the surface of a river that; t 
could wet its ventral fur and so lick eff the water afterward s. 
The same obs ervat ions have been made in this study \·lith 
E. wahl bergi part; cul arly over svdmmi ng pool s. Bergmans however 
concludes that there is insufficient evidence from careful 
observations to state that this behaviour is for the purpose of 
drinking. 

1.2.4.4 Reproduction 

The breeding pa tterns of some African Megachiroptera have been 
well documented: Eidolon he'lvum by Fayenu';l0 Be Halstead (1974) 
and Mutere (1967); _[pemops franqueti by Okia (1974 a); 
Rousettus a~_gypti acus by Mutere (1968); but 1 i ttl e i nformat; on 
i s a vail a b 1 e f 0 I' the 9 e nus E p 0 m ~ h ~ us. 0 k i a (1974 b) f 0 U n d 
E. anurus_ to have two distinct breeding seasons, gestation 
1 a s tin gAp r i 1 to S cpt em b era n dOc t 0 b e r to f\1 arc h i n II 9 Cl. n d a. 
O'Shea & Vaughan (1980) found volant young, pregnant and lactant 
female ~~ahlbergi continually evident from November to Hay in 
Kenya. In the Congo, Anciaux de Faveaux (1972) concluded a 
biannual cycle for this species \·Jith birth periods in ~larch and 
in October or Novembet" but did not exclude the possibility of a 
continuous polyoestrous reproduction. 

Economic importance to man 

1.2.5.1 The fruit industry 

There are numerous reports of damage by bats to fruit crops 
throughout the Old World (Cheema, Bhat & Na'ik, 1954; Malzy & 
Jagord, 1960; f~ed\'."aYt 1965; Rosevear, 1965). 

In South Africa damage to litchi orchards (Nepheliuni litchi) 
dUl'ing the brief ftuiting season (Jacobsen & Du Plessis, 1976; 
Porter, pers. comm . ) was mainly attributable to 
RousE;.ttus aeqypt!_acu~ and oecas'ioned a study of their ecology in 
the Eastern Transvaal (J acobs en & Du Pl ess is, 1976). Nett; n9 in 
litchi orchards during the course of this study sho wed both 
E. wahlbergi and !3.~~gyptjac~ls. were responsible in the Port 
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Shepstone area of Natal. Although in Israel extensive damage to 
commercial fruit crops by bats has caused the government to 
adopt stringent control measures of Rousettus populations 
(Stebbi ng5, pers. comm.), Constanti ne (1970) conel uded that the 
harm done to the fruit industry generally is af little 
consequence except in isolated instances. 

1.2.5.2 Diseases tr ansmitted by fruit bats 

Constanti ne (1970) extensi vely revi eVled the presence and 
transmission of disease in bats. Megachiroptera in Africa have 
been found to carry several vi ruses, of whi ch only one, Yellow 
Fever Virus found in Eido!~~~lvum (Wil1iams, Simpson & 
Shepherd, 1964), in Epomophorus sp. (Andra1, Bres, Seri e, Casal s 
& Pan t hie r , 1 9 6 8) o. n din B..9_~2~ t t U 5 (S imp son, v! ill i a m s , 
O'SulHvul1, Cunningham & t>-Iutere, 1968) is considered possibly to 
playa role in the epidemiology of the disease. 

There is only one known instance of the pr-esence of tabi es ill 
Megachi roptera (Smith, 1967), al though in 1980 several specimens 
of E. wahl bergi i 11 Natal were thought to be carryi n9 the di sease 
(Standi n9, pers. comm.). The vi rlls was hOi.;ever 1 ater i dent; fi ed 
as Lagos Bat Virus (Standing, pers. comm.) as first described in 
Nigeria by Boulger & Porterfield (1958). 

1.3 OBJECTIVES OF THIS STUDY 

The main objective of this study was to investigate aspects of 
reproduction in colonies of the epauletted fruit bat from the area between 
the Mkomazi River and Park Rynie on the Natal South Coast. The study was 
initiated in the light of limited reproductive data being available for 
the genus I£omophorus in general and E. v/ahlbergi in particular. The 
specific objectives were as follows: 

(a) To investigate the breeding cycle in males with particular emphasis 
on seasonal variations in testes and epididymides size and mass, and 
blood testoster-one levels, and to study variations in epaulette 
condition and in calling throughout the yea~ 

(b) To investigate the breeding cycle -in females; to describe ovarian 
development. from b-irth to maturity and throughout th8 reproductiv C! 
cycle, to determine time of ovulation and fertil 'iz ation, length of 
gestation, ti me of parturition, and lactation, and to describe 
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maternal care. 

(c) To determine the age at onset of puberty and att~inment of sexual 
maturi ty in both sexes and to test the hypothesis that age at pubel"ty 
in both sexe sis re 1 a ted to body grovl tho 

(d) To determine the proximate and ultimate factors which might influence 
seasonal breed; ng. 
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CHAPTER TWO 

STUDY AREA 

2.1 INTRODUCTION 

2.1.1 Location 

This research was carried out in an area situated approximately 50 km 
southwest of Durban on the upper South Coast of Natal, Republic of South 
Africa. The region lies between the Mkomazi River to the north (30°12 1 S) 
and Park Rynie to the south (30° 19 1 S), extending inland to 30° 43 1 E 
and covering an area of approximately 80 km 2 (FIGURE 3). FIGURE 3 also 
shows the position of collecting sites in the study area. 

Bioclimatical1y the region is classified as coastal lowland, humid/humid .. 
s ubhum i d, eve rgree n fore s ts, sho rt fores t and th i cket w·j th va ri ou S 

successional stages, within the seasonal temperature range of Hot-Warm to 
Wann-I'1ild (Loxton, Hunting & Associates, 1971; Phillips, 1973). 

2.1. 2 Hi story 

The South Coast was originally inhabited by neoanthropic people engaged in 
hunting. Traces of their habitation of rock-strewn beaches are abundant 
in the form of ki tchen mi ddens composed of di scarded moll usc shell s. They 
used the beaches as harvest grounds for shell fi sh upon whi ch they 
subsisted in the arid seasons. Coarse ungl azed pottery and awl s, 
belonging to a period prior to the arrival of the Bantu, testify to their 
existence (Natal Town & Regional Planning Commission, 1974). 

Concrete evi dence of the Bushmen habitati on is scanty, but it is thought 
that they dlvell ed in the regi on, 1 i vi ng on game and i ndi genous berri es and 
roots. They once roamed over a large area, but as a result of subsequent 
frequent invasions, gradually disappeared (Natal Town & Regional Planning 
C omm iss ion, 197 4 ) . 

When the Bantu arrived from 1100 AD oriwards, Natal was comparatively 
empty. Several waves of Bantu tribes mi grated from the north to setti e in 
the region, the Nguni being one of the more notable. Their culture 
revolved around catUe, and crops of maize and millet were grown (Bulpin, 
1972; Natal Town & Regional Planning Co~nission, 1974). 

In 1880 - 1882, the Zulus under Shaka invaded Natal, depopulating the land 
from the Tugela to the II'1zimvubu Rivers. 
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FIGURE 3 The study area on the Natal South Coast, 
showing its position in relation to Southern 
Africa 

Shaded areas - built-up areas 
Black dots - collecting sites 
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The fi rst si gni fi cant European se ttl em en t occurred in 1824 "'Jhen trade rs 
fro m the Cape Col ony sail ed to PO r't Natal (Durb an). Shaka gr ant ed th em 
1 and around the po rt and t hey settl ed there , trad; ng vJi th th e nat i yes ; n 
ivo ry, skins and gum . In evi t ab ly th is t ra de exp ande d and by 1843 th e 
settlemen t of the South Co as t bega n, afte r the British annexat io n of Natal 
(Natal To wn & Re gi onal Pl anni n9 Com l1l i S5 ; on, 1974). 

I nth e s t u d y are a , the fir s t 1 an d g r an t \'1' a sma d e i n 18 5 2 and \,1 a s t hat 0 f 
the farm Clansth al No. 1202, south of Umkomaa s. The first to0nship to be 
surveyed was Scottbu rgh in 1860 fo llo"'Jed by Umkom aas \vhich owes its origin 
to the navi gabi 1 i ty of its ri ver. From 1870 to the turn of th e century, 
there was a regular traffic of small co asters plying southward from Durban 
to Umkomaas, Scottbu rgh and Port Shepstone (Bul pi n, 1972). 

Th e development of the South Coast regi all fo1l owed the usual pattern of 
early agricultural and mineral utilization. Narble quarrying in Port 
Shepstone in 1882, 1 ed to the further development of harbour facil i ti es. 
Simultaneously with the realization of these projects, came the emergence 
of the sugar compani es and the subsequent establishment of sugar mills. 
The n ext ph as e i n de vel 0 p men t 0 f the reg ion was the to uri s tin d us t ry , 
assisted by the arrival of the railway, tarred roads and the increase in 
pri vate car ownershi p (Natal TOl-1n & Regi onal Pl anni ng Commi ssi on, 1974). 

2.2 PHYSICAL FEATURES 

2.2.1 Geology 

The geology of an area plays an important role in determining general 
topography, drainage patterns, soils and because of the influence of 
these, vegetation and fauna . 

The geology of the South Co ast (FIGURE 4) consists of contorted and 
intensely metamorphosed base me nt of Arch aean schists, gneisses and 
grariites. Younger formations were deposited on top of the se and the whole 
area became flexed to form a very bro ad asymm etrical anticline (the Natal 
Monocline), the axis extending from the Mtamvuna River to 16 km south of 
Melmoth. To the west of the axis. the st~ata dip at low angles, while to 
the east the rocks dip wi t h inc reasi ng steepness to the sea (Natal Town & 
Regional Planning Comm ;s s io n~ 1974). 

Along the axis of the mon oclin e , erosion has exposed granites of the 
A t' c h a e a n [ r a. To vI a r d s t he CO il S t t th e s t r at il dip a t a s tee per a n 9 1 e t han 
the surf ace of erosion, expos i ng success ; vely younger sed i rn entary rock sin 
zon es par all el to th e shor e. Th ey di sap pea r und er r ecent coas tal san d 
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FIGURE 4 Geology of the study area compiled from: 

A.~ Loudon & Partners on behalf of Zakrewski 
Associ ates geol 09i cal survey for South Coast 
freevJay for National Transport Commission, 
(1979 ). 
Mason, pers. comm. 
Natal Town & Country Planning Commission, 
(1974) . 
Natal South Coast, Draft Regional Plan. Natal 
Town & Regional Planning Report, 29: 1-144. 
Segatto, P. (1980) Geolog)' of the Umkomaas 
Area. Honours Project, Department of 
Geology, Un-i versity of Natal, Durban. 
Van Niekerk, Kleyn & Edwards, Consulting 
Engi neers, geol 09i cal survey for South Coast 
Free ... ,ay fot' National Transport Commission. 



N 

1 
f faults 

D RECENT SANDS 

•....... : . • BER EA RED SANDS 

KAROO DOLERITE 

I! ECCA SERIES 

r.0~~j DWYKA SERIES 

ftHB TABLE MOUNTAIN 
M SANDSTONE 

OLD GRANITE 

I 



25 

deposits and reappear as outcrops along the beach (Natal Town & Regional 
Planning Commission, 1974). 

2.2.1.1 Archaean Complex (2400-3500 million years) (~1ountain, 
1968) 

In the study area the Archaean Complex ;s represented by the Old 
Granite, (to distinguish it from granites of other eras). It is 

. mainly migmatite granite, with lesser amounts of granite-gnei ss 
and often has intruded, granitized and engulfed masses of a 
metamorphosed component of the Archaean Basement, the Primitive 
Formation (Loxton et al., 1971). The Old Granite is found 
occllrri ng in the northern and southern inl and porti ons of the 
study area, approximately \vest of 30° 44' E. 

2.2.1.2 Cape System (350-400 mill ion years) (Mountain, 1968) 

In much of the Natal South Coast a massive uncomformity of 
±2000 million years exists between the granites of the Archaean 
Complex and the sandstones of the Cape System, which is the 
youngest system of the Postbushveld-Prekaroo Era (Loxton et al., 
1971). The only representative of the Cape System in this area 
is Table Mountain Sandstone which is found outcropping along the 
coast south of Scottburgh and in an isolated patch southeast of 
Umkomaas. 

2.2.1.3 Karoo System (150-300 mill ion years) (Mountain, 1968) 

The Karoo System compri ses four sedimentary seri es of whi ch the 
two oldest, Owyka and Ecca are present in the study area. 

(a) The Dwyka Series 

The lowermost member of the Karoo System occurri ng in Natal 
is the Owyka Series which occurs in the area mainly as 
glacially derived tillite but also as light coloured shales 
and occasionally sandstone. The tillite is dark bluish 
grey, jointed and consisting of ertatics varying in size 
from 13 mm to 3 In in diameter. It weathers to an ochre 
yellow coloured soil and is the main rock type in the study 
area (Loxton et a1., 1971). 

(b) The Ecca Series 

The [cca Series comprises a thick succession of well
laminated and jointed, dark coloured shales. The largest 
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outcrop in the ~rea lies betwee n the Mpambinyoni and 
Mahlongwa Rivers. Other surface outcrops are found between 
faul ts upstream of th e '·1ahl ong ~"ana River mouth and the 
south bank of the t~ko m azi River. 

(c) Karoo dolerite 

Igneous intru s ions of Karoo age are scattered throughout 
the study area cutting tht'ou!)h al1 rock successions from 
the Archaean Basement up to the Eeca shales. They are 
mainly in the form of inclined sills and the dolerite 
headlands outcropping between the Mahlongwana and Mahlongwa 
River mouths are an example of a large sill. The 
intrusions are frequently found in association with faults 
and river valleys (Mason , pers. comm.). 

2.2.1.4 The Quater' nary System (0-3 million years) (!'t1ountain, 
1968) 

The Quaternary System, mainly represented in the area by Berea 
Red Sand and Coastal Dunes, lies uncomformably on the Karoo 
Series. The deposits are loose and unl ithified occurring only 
in the immediate vicinity of the coast. The Berea Red Sand is 
Pleistocene dune sand, calcareous and weathered with a 
de r i vat ion 0 f clay fro m ; n c 1 u de d f e 1 d spa r. The colo u r va r i e s 
from reddish brown to brown depending on the clay content 
(Loxton et a1., 1971). Younger 1 i ghter coloured dunes have 
developed along the immediate shoreline ~'lith little or no clay 
content, the tallest of these being the Widenham sand dune, 
south of Umkomaas. 

2.2.1.5 Tectoni cs of the area 

The coast area of the Natal South Coast is characterized by 
extensive gravity faulting of tensional origin of post-Karoo age 
(0-150 million years) (Loxton et al., 1971). 

2 • 2 • 2 ' So i 1 s 

The soil s of the region dra\<J the"ir basic characteristics from the rocks 
from which they are derived, but they vary in structure, depth and 
fertility according to the slope of the land and the climatic conditions 
under which they were formed. The geological classification for rock 
types is used therefor e as a simplified starting point for the 
classification of soils (N atal To\>,'n & Regional Planning Commission, . 1974). 
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In t.he study area, soil types correspond very closely to the underlying 
rocks from Hhich they have formed and fol" this reason no additional map 
showi ng soil type di stributi on has been i ncl uded. 

2.2.2.1 Soi 1 s deri ved fl"om grani te 

This is a major soil group on the South Coast and covers 
a p pro x ; mat ely 29 % oft her e g; 0 nun d e r stu dy . 0 \'Ii n 9 to 
mineralogical variations in the granite, the resulting soil 
varies appreciably but "in general is highly productive (Beater", 
1959). 

2.2.2.2 Soils derived from Table Mountain Sandstone 

Soil s of thi s category cover 7 % of the study area. 
light greyish, coa.rse, sandy 10ams and are considered 
(1959) to have poor natLlral fertility. 

2.2.2.3 Soil s derived from O\,Iyka till ite 

They are 
by Beater 

Tillite is the most abundant rock in the region and soils 
derived from it occupy approximately 37 % of the area. The soil 
type is generally as soci ated \'ii th poor sugar cane growth despi te 
the fact that it is not infertile. Problems exist with correct 
tilling as a result of a constant rubble layer formed from the 
erratics in the weathered till ite (Beater, 1959). 

2.2.2.4 Soil s deri ved from Ecea shal es 

These soils account for about 9 % of the soil cover and are 
characteristically dark greyish brown to greyish black rubbly 
loams often found in association vdth do1eritic soils. They are 
superior to the Dv.'yka soils in chemical and physical properties, 
though they shOl'" the effect of drought more than any other .so;l 
type (Beater, 1959). 

2.2.2.5 Soil s derived from dol erite 

A small part of the reg'1on (about 3 %) is influenced by soils 
derived from the intrusive dolerite, particularly in the upper 
reaches of the fv1ahl ong\'1Jna River and west of Umkemaas. These 
soils are often extremely fertile chocolate or reddish clay 
learns, but where leaching has occurred under conditions of high 
rainfall, fertility is significantly reduced (Beater, 1959; 
Natal Town & Regional Planning Commission, 1974). 
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2.2.2.6 Soil s derived from Ber'ea Red Sand and alluvium 

Berea Red Sands result in poor soils which require intensive 
fertilization if they are t o be used agriculturally (Be?ter, . 
1959). They occupy approximately 11 % of the r egi on, ind of 
this about half (51 %) are found in the built-up areas of 
Umkomaas , Wi denham and Scottbur'gll. 

Soils for me d from al"luvial deposits are notable along th e 
Nahlongwa and Mpambinyoni River valleys but are considered by 
Beater (1959) to be not very productive as a result of high 
drainage and consequent lack of moisture in the soil profile. 
These soils account for about 4 % of the region's topsoil. 

Physiography 

Fault 'ing, of \-thich thel"e is abundant evidence along the South Coast, has 
given rise to some rugged topography and erosion is rapid because of the 
flexed surface of the Natal Monocline. Rivers, are short and steep and the 
resulting vigorous river erosion gives rise to a region of uneven rugged 
topography wi th deep vall eys. Seaward faci ng scal~ps are steeply sl opi ng, 
a factor seriously limit'ing land lise. The characteristic land form is 
therefore one of rolling hills with few areas 6f flat land. 

The coastal region, which once presented a smooth land surface was drowned 
to a depth of 46 m resulting in a very regular coastline (Natal Town & 
Reg ion a 1 Pi an n i n g C omm iss ion, 1974,)' 

Loxton et al. (1971) cl assify the study area as ' 'Coast LO\vl and' and divide 
the region into six landscape typ.es : 

Coast Dune landscapes 
Dissected Coast Granite landscapes 
Di ssected Coast Dwyka till i te 1 andscapes 
Coast Lowland: Ecca shale, dolerite and schist landscape 
Table Mountain Sandstone sandy plateaux and weakly dissected region 
Landscape dominated by rocky outcrops and litholic soils 

2.2.4 Drainage and surface water 

Drainage patterns and avai"iability of surface water influence vegetational 
distribution and in particular members of the Ficus and ~~....9.ium genera 
( Pal In e r , 19 77 ) \,1 h 0 s e f r u its f 0 I'm cJ. n imp 0 r tan t par t 0 f the die t 0 f 
E. wahlbergi in the study area. 

The general topography of the South Coast is steep and rugged. Over' a 
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dis tan ceo f a b out 160 k m the co u n t ry r i s e s fro m sea 1 eve 1 tot h e top 0 f 
the Drake nsberg , a. height of 3 000 m. Th e ancient peneplain has been 
upl i fted and severely di ssected by active back-cutting ri vers. The river 
valleys are therefore youthful , \'Ji th narrow deep valley _ bot.toms and steep 
precipitous sides. For most of their co urses the stream beds are steep, 
ranging in falls from five to 10 metres per kilo metre ; for a few 
kilometres inl and of the coast the grades become fl atter (Loxton et a1., 
1971). Sand bars have closed off many river mouths to form 1 a90ons. The 
1 agoon water i s generally mil dly sal ol ne ovd ng t o the proxi m i ty of the sea. 

The reg; on where th; s study was carri ed out is drai ned by four perenni a 1 
rivers; I~komaz i, Mahlongwana, Mahlongwa and r~pambanyoni and thei r 
tributari es . FIGURE 5 shows the extent of the perennial and seasonal 
water supply to the area. 

The largest of these rivers is the Mkomazi River, 298 km long, mean annual 
runoff 1 07 2 x 106 m3 and a mean an nual di scharge of 30 m3 /secon d (B eg g, 
1978). Th e river is usually op en to the sea and its cl OSL!re by sand bar 
is a rare occurrence (Begg, 1978). 

South of t he Mkomazi River the Mahlongwana River drains into a lagoon on 
the coast and is usually blocked off from the sea by a persistent sandbar. 
The river is 6 km long with an unrecorded but perennial flow (Begg, 1978). 

The Mahlong ~'/a River is 23 km in length, mean annual runoff of 14,7 x 10 6 

m 3 and a flow estimate for 1970 of 0,2 m3/second in summer (8egg, 1978). 
A mangrove flanked lagoon lies on the landward side of the main road. The 
1 a900n is usually closed off to the sea by a sand bar. 

The t~pambilnyoni River is the southernmost river draining the study area. 
It is 100 km long, mean annual runoff of 32,1 x lO G m3 and estimated 
annual flow of 0,71 m3 /second. The river opens to the sea at Scottburgh, 
but has been known to close occasi onally in wi nter (Begg, 1978). 

2.2.5 Land use 

2.2.5.1 Agriculture 

The single most important agricultural land use in the region of 
stu dy i s th e g r 0 I'd n g 0 f s u gar can e. I tis con sid ere d by the 
Natal Town & Regional Planning Co mm ission (1974) to be the most 
important economi c act i vi ty along the South Coas t. 

o nan u m b e r 0 f sma 1 1 farm sin the are a, ban a n as, 1 i t chi san d 
pawpaws are grown for local consumpt ion. 
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FIGURE 5 Drainage patterns and surface water supply in 
the study area 

Solid lines perennial rivers and streams 
Broken lines - seasonal rivers and streams 
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2.2.5.2 Industry 

With the closing of the Renishaw Sugar ~'i1l in 1975, there are 
now no ma·in industrial centres ItJitliin the study area. SAICCOR, 
a major producer of di ssol vi ng pul p for overseas markets, 1 i es 
just outside the area to the north. 

2.2 .5.3 Tou rism 

Fine bathing beaches, attractive lagoons and a warm, year-round 
sunny cl imate have been important factors in the establ i .>hment 
of the tourist industry on the Natal South Coast. 

Within the study area, the nepd to provide parking shade for 
such tourist amenities as hotels, restaurants, caravan parks and 
gol f courses, has resul ted in the pl anti ng of many 1 arge 
canopied trees, par ti cularly the large-leaved fig, 
ficus vogel ii. The importance of the presence of this species 
in the study area is referred to in 2.3.1.7 and 2.4.3.1. 

2.3 NATURAL HISTORY 

2.3.1 Vegetation 

FIGURE 6 shows the vegetation of the study area 

2.3.1.1 Dune thicket 

The coast dune thicket occurs along the coastal fringe of the 
stu dy are a and i spa r t ; c u 1 a r 1 y not ice a b 1 eon the san d dun eat 
H·idenham, just north of the ~1ahl ongwana River. The dune forest 
shows very definite gradation with the following vegetation 
types typically encountered : 

(1) Salt tolerant succulents in loose sand e.g. Scaevola sp. 
and Carpobrotus. sp. 

(2) A close cover of Gazani~ sp., Barleria obtusa, 
Asystasia gangetica and Chrysanthemoides mann ifera. 

(3) LO\i1 shrubs e.g. Iugenia capensis, Passerina rigida, 
Carissa macrocarpa and f~nchum natalitum. 

(4) Tall shrubs e.g. M(I~tenu~ ~eteroph¥ll a and 1 i anas 
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FIGURE 6 Distribution of indigenous vegetation 
compi 1 ed from aei"i al survey photographs 
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e.g. Dalbergia armata. 

(5) Trees of many species e.g. Mimusops ~affra, 

.'!.!:. a £.!:!xl.~~~~.Q_.i.?.£~l.Q.'!:' ' I~£l.~~_~~!~l_ ~i'_.?.i.?.. ' 
~~.!:.£~£~lll~m_£~fi~~m, Protorhus longifolia, 
Trema oriental is, Tricalysia sonderana, Canthium obovatum, 
Ficus ,natalens -is, B!:Jus c~ir;ndensis and Strelitzia nicolai. 

This gradation is determined by salt spray that blows off the 
sea, the vegetation closest to the sea being the most salt 
tolerant. The coast dune thicket has a stabilizing influence on 
loose sand of the beach dunes and is important in the early 
colonization of skeletal sand soils (Natal Town & Regional 
Planning Commission, 1971). 

2.3.1.2 Coastal forest 

The coast forest extends from the inland fringe of dune thicket 
to an altitude of approximately 450 m above sea level. The 
forest is subtropical and consists of low forest and scrub. The 
trees o_re vd dely spaced wi th spread-j ng crovlns and dense shrubby 
undergrowth wi th an abundance of 1 i anas. Commonly occurri ng 
trees of this type in the study at'ea are Ficus natalensis, 
Apodytes dimidiata, Chaetacme aristata, Canthium obovatum, 
Bridelia micrantha, Et'ythrina lysistemon, Antidesma venosum, 
Tr;chilia dre~ana, Sapium integerrimum, Euphorbia ingens, 
Mil1etia grandis, Croton sylvaticus and Sideroxylon ine~le. 

The distribution of the forest was never continuous, because of 
rock outcrops and ravagi n9 by grass fi res and today the natural 
forest only survives in patches, usually where sugar cane cannot 
be grown (Natal Town & Regional Planning Commission, 1974). 

2.3.1.3 Swamp forest 

Swamp forest constitutes reeds, sedges, rushes, large woody 
shrubs and some tree species (Loxton et al., 1971), which -in the 
study area are found a short way upstream of the mouths and 
lagoons of the Mkomazi, ~1ahlong\vana and r~ahlongwa Rivers. 
Common elements of these communities are Phragmite.s austral is, 
Typha capensis, sedges such as Caldium sp., ~1ariscus sp. and 
f1.p,-e_r_u_~ sp. and among the trees, Syzygium cordatum, 
Voacanga thou ars i 'L, Maca ranga c ap,cn sis, Hi b i sell s til i aceous and 
Bridelia capensis. 

2.3.1.4 Mangrove 
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A small relict community of the white and red mangroves t 

~v; cen"; a mari na and £<hi zophora m~lcronat a, exi s ts on the south 
bank of the Mkomazi Rivf!r (Thomas, pers. co.mm.). A few trees of 
the black mangrove, I3r~_guiera gymnorrh "jza are gro\'ling on the 
north ban k of the Mahlongwana River and a more extensive 
communi ty of th; s speci es is found on both banks of the 
Mahlongwa River inland of the main road (Begg, 1978). 

2.3.1.5 Paim 'wild date' communities 

Relict populations of the palm 'wild date' communities eXlst 1n 

the study area i nl ands ~."est of Umkomaas and south of Scottburgh. 
They once were extensive from just behind the dunes to well 
inland in edaphic ally suitable sites being in the succe~sion 
towards coastal forest (Loxton ct al. t 1971). The 'wild date' 
Phoenix reclinata is associated with small trees and shrubs, 
such as Euclea sp., ~ussonia sp., F;cll~ sp., Tr;chilia sp., 
Maytenis sp. and Strelitzia nicolai set in grassland communities 
composed of Themeda triandra, ~ymbopogon sp. and as a result of 
heavy graz"j ng pressures, Ar; sti da j unciform; sand Oi gHar; asp. 
(Loxton et al.~ 1971). 

2.3.1.6 Grassland 

Cultivation of sligar cane, burning and shifting bantu 
cultivation have been responsible for the destruction of the 
ori gi nal grassl and communi ti es. Today Themeda tri andra is rare 
though locally present in the northwest corner of the study 
are a. The rep 1 ace men t 0 f T. t r ; and r a by A r i s t ; d a j un c if 0 rm is, 
Erogrostis sp. and Cyn"odon has probably been brought about by 
vel d mi smanagement (Loxton et al., 1971). 

2.3.1.7 Indigenous vegetation in built-up areas 

One of the most important fruiting tree species, in which 
E. wahl berg; Wil.S seen roosti n9 and under whi ch they were 
frequently captured whil e feedi ng, was Ficus v~_e l i ~ Al though 
this species is an indigenolls forest tree (Moll, 1931; Palmer, 
1977) it was neVEr encountered in the forest zones of the study 
area but commonly occurred as cultivated shade trees in built-up 
areas such as hotel, restaurant and municipal car parks, caravan 
parks and camp grounds~ private gardens and on farms in cattl e 
corrals . Occasionally isolated examples of these trees \1ere 
found in sLigar cane; probably the only remna.nts of a once 
afforested patch. Other' important fruit bat food trees which 
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are found cul tivated in buil t-up areas are Fi cus nata l ens; s, 
Ficus polita, Syzy gitlm cord at_un~, Carissa macroc arpa and 
Podocarpus l at ifo1ius. 

2.3.2 Fauna 

The study area is noted for it~ high species diversity of both its 
invertebrates (D ay, 1974; Dick son & Kroon, 1978; Pi nhey ,1965; Smith 
Heyer, 1974; Will i ams, 1969) and vertebrates (Bou rqu ; n & SO\'ll er~ 1980; 
Crass,196 4; Cyrus & Robson, 1980; De Graaf, 1981; OOl"st & Da ndelot, 
1972; Fitzsimons, 1962; Han ks, 1980; Hughes, 1974; Kingd on, 1974; 
t~eester & Setzer, 1971; Passmore & Carruthers, 1979; Prozesky, 1970; 
Roberts, 1951; Rov/e-Rowe, 1975; Smith, 1953; van der [1 st, 1981; 
Hager,1961; Zalol1mis & Cross, 1975). 

Data regarding distribution of Chiroptera are available in Bourquin & 
Sow1 er (1980), Ki ngdon (19711-), Meester & Setzer (1971) and SO\lJ1 er (i n 
prep.). A maximum of 17 species could occur in the study area. Of these, 
the fall ovJi ng ei ght sped es were captured duri ng the study peri od : 

Megachiroptera 

Hi crochi roptera 

Epomo phorus wahlbergi 
Rousettus aegyptiacus 

Nycteris hispida 
Pipistrellus nanus 
Scotophilus nigrita 
Ta.dar; da aegypti aca 
Tadari da pumil a 
Taphozous mauritianus 

2.4 SEASONALLY VARIABLE ENVIRONMENTAL FACTORS 

It was suggested by Baker (1938) that certai n envi ronmental factors may 
act as proximate and ultimate triggers for breeding, in order that 
offspring may be produced at the most propitious time of the year. 

2.4.1 Climatic factors 

South Africa lies in the subtropical high pressure belt in which high 
pressure anti eye1 oni c cell s move conti nuou sly from west to east. These 
cells are stronger in \flinter than in summer. Anticyclones 
characteristically generate anti-clockwise movements of air in the 
southern hemisphere, which because it is descending becomes \'Jarmer and 
drier. This pattern is interrupted by eastward moving waves of low 
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pressure and al so by small 1 0\'1 pressure cel l s whi ch ci rcul at e rou nd the 
coast (Natal Town & Regional Planning Commi ssion, 1974). 

2.4.1.1 Winter cond~ tions 

In winter a strong high pressure centre develops over the Indi an 
Ocean at about 60 ° E. The effect of this, combi ned with the 
hi gh pressure area usually found over land is to produce the 
settl ed, pleasant \'Jeather vihich is characteristic of the South 
Coas t reg i on. This pattern is broken occasionally by east\'Iard 
movi ng wave s of l ow pressure. These bri ng deep col d fronts, 
which sl'leep across the country on the coast, the southwesterly 
'busters ', bringing low temperatures, cloud and rain (Natal Town 
& Regional Pl anning Comm ission, 1974). 

2.4.1.2 Summer conditions 

In summer the Indian Ocean high pressure centre moves eastwards~ 
far away from South Africa. At the same time the pressure 
systems over the l and shift southv/ards and the customary high 
pressure cell over the land weakens, sometimes giving way to low 
pressure thermal conditions. Although the eastward moving low 
pressure cells fr equently pass much further to the south in 
summer, the small er low pressure cell s whi ch move around the 
coasts of South Africa penetrate into the South Coast region. 
These seem to pass wi th a frequency of about four to six days in 
summer and bring a. southeast wind, cloudy conditions, a 
tempera ture drop and light rain (Natal Town & Regional Planning 
Commission, 1974). 

2.4.1.3 Berg winds and land and sea breezes 

A phenomenon which ha~ considerable effect on the clima t e of the 
South Coast is the Berg wind. These winds blow in a 
northwesterly di recti on from the mountai ns of the i nteri or to 
the co ast. They bring high temperatures and low humidity and 
are especially frequent in winter, spring and autumn. 

The di fferenti al heati ng and cool i ng rates of the 1 and and sea 
resul tin 1 and ilnd sea breezes. They bl 0\'1 off the sea towards 
the 1 and duri ng the day and off the 1 aond towards the sea at 
ni ght. The modetati ng effect., due to the proximi ty of the sea, 
greatly minimizes temperature extremes . 

2.4.1.~ Temperature 
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FIGURE 7 shows the mean mon thly maximum and minimum temperatures 
over the period of study from June 1977 to February 1982 taken 
at Scottbu rgh (Horsfall, pet's. comm.). The hottest month \t/as 
February (mean maxi mum 28,23° C; mean minimum 23,60° C) and 
the col dest month was July (m ean maximum 22',12° C; mean O1i nimum 
15,62 ° C). 

2.4.1.5 Humidity 

FIGURE 8 shows the mean maximum and ml mm um monthly rel ative 
humidity in the study area taken over the pei";od of study 
( H 0 r s f all, per s • com m. ). The m 0 s t hum i d m 0 nth \'Ja s Feb r u a r y 
(mean maximum relative humidity 83,0 %; mean minimum relative 
hum i d ity 31,6 %). 

2.4.1.6 Precipitat ion 

Precipitation was experienced in the study area as rainfall. No 
snow \'/as recorded. FIGURE 9 shows the range and mean monthly 
rainfall in mm during the study period. On average the wettest 
m 0 nth was Fe b r u a ry (m e a n r a i n fa 1 1 128,3 m m) and the wet t est 
month during the study period \I/as February 1978 when 213 mm of 
rain was recorded. On average the driest month was June with a 
mean total rainfall of 19,6 mm. The driest month during the 
study period occurred in June 1970 when 7,0 mm of rain fell 
(Horsfall, pers. comm.). 

2.4.1.7 Prevailing winds 

FIGURE 10 shows percentage wind direction per' month compiled 
from daily data over the study period. There are two prevailing 
winds, northeast and southwest which blow equally throughout the 
year. From August througll to January the southwest wi nd tends 
to predominate, changing from February to' July to a northeast 
wind (Horsfall, pers. comm.). 

2.4.1.8 Hours of sunshine 

The average monthly sunshi ne hours pet' day measured over the 
study peri od is shOl'ln in FIGURE 11. The sunn"iest month \lIas June 
(mean daily sunshine hours 7,93) and the cloudiest month, 
September (mean daily sunshi ne hours 5,53) (Lou is Botha 
Metereolog;cal Office ). 

2.4.2 Daylength 
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FIGURE 7 The mean monthly maximum and m1nlmum 
temperatures OlJet the study period from June 

1977 to February 1982 taken at Scottburgh 
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FIGURE 8 The mean monthly maximum and minimum relative 
humi di ty over the study peri ad from June 1977 
to February 1982 taken at Scottburgh 
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FIGURE 9 The range and mean monthly rainfall in mm 
taken duri ng the study per; od from June 1977 
to February 1982 at Scottb'urgh 
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FIGURE 10 Percentage wind direction per month compiled 
from dai ly data over the study per; ad from 
June 1977 to February 1982, taken at 
Scottburgh 
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FIGURE 11 The average monthly sunshine hours per day 
measu red over the study period compiled from 
data suppl i ed by the Loui s Botha 
Metereological Office 
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Oaylength figures were obtained from Louis Botha Metereological Office 
(30 0 S) and are shown; n FIGURE 12. The shortest days occur from the 
15 to 23 of June, hav; ng 10,13 hours between sunri se and sunset. The 
longest days occur from the 23 to 25 December hav; ng 14,06 hours betvleen 
sunri se and sunset. An extra 15 mi nutes may be added before sunr; se and 
after sunset to obtai n total hours of day1; ght (De Vi 11 i ers, pers. comm.). 
The increase and decrease in daylight hours over the year follows a sine 
wave. 

2.4.3 Food availability 

Sadleir (1969a) considered food availability and nature of food to be the 
most important ultimate ecological facto~ in the timing of seasonal 
breedi ng. 

I n order to assess the avail abil; ty of bat frui t throughout the year in 
the study area, 55 i ndi vi dual trees of seven speci es \"ere exami ned for the 
presence of ripe fruit every three weeks for three years. All trees 
chosen were seen to be fed on by frui t bats when thei r fnli t became ri pe. 

2.4.3.1 Indigenous fruiting trees 

Fi fty one i ndi genous trees compri si ng fi ve spec; es; 
f.i.£~~_~~!~l~~~.i~ , I.i.£'!-£~_E.Q.l.i!~ , F i c u s v 0 gel ii, 
Podocarpus latifolius and Syzygium cordatum were surveyed. 
FIGURE 13 (broken line) shows the mean percentage of these trees 
whi ch were in frui t per' month over the three years. Al though 
some trees are in fruit in all months of the year, a distinct 
increase in numbers of trees in fruit is noticeable in January. 
February, March, May and August ... ,ere months during \"hich the 
percentage of indigenous trees in fruit was less than 9 %. 

2.4.3.2 Alien and cultivated fruiting trees 

Four' trees of two speci es Nephel"i urn 1 i tchi and Psi d; lim guaj ava 
were al so exami ned. Unl ike some of the i ndi genous fru; ti ng 
trees, notably F. vogeli; and F. natalensis, these trees fruited 
cons; stently at the same times each year. N. 1 i tchi frui ted 
duri ng January and P~juaj ava from 1 ate r-1arch through to 1 ate 
"1ay. 

FIGURE 13 (solid line) also shaHS the mean percentage of all 55 
trees, both i nd; genous and non-i nd; genous whi ch were in frui t 
each month. 
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FIGURE 12 Hours of dayl; ght for 30 0 S suppl i ed by the 
Louis Botha Metereological Office 
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FIGURE 13 Mean percentage of trees in frui t per month 
observed over three years from January 1979 
to February 1982 
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CHAPTER TH REE 

AGE DETERMINATI ON AND GROWTH 

3.1 INTRODUCTION 

In any investigation into the reproductive biology of a species, valuable 
information, such as age at puberty, age at matur 'ity, reproductive 
senescence and life span, cannot be calculated without methods for 
determining the age of specimens. 

Although age determination methods are an essential tool of present day 
researchers, the techniques, particularly those involving features of 
dentition, are by no means new. For centuries man has needed to know the 
age of his domesticated stock in order to assess palatability in food 

I 

animals and expected duration of active service in draught animals. 
I n dee d, the old s ay i n g : IN eve r 1 00 k a g i f tho r s e i nth e m 0 u t h I ( t 0 

ascertain its age) is attributed to St. Jerome of the 5th Century. r~uch 

more recently, Gi rard (1824) described routi ne age assessment of young 
domesti c animal s by stages in erupti on and repl acement of teeth. Rori 9 
(1905) published data on tooth eruption in the three European deer 
species, red (Cervus elephus), roe (~eolus capreolus), and fallow 
(Dama dama), while Galvayne in the same year suggested the use of the 
lateral groove in the third upper incisor of the horse (Equus caballus) to 
estimate age up to 30 years. One of the earl iest methods used for bats 
was estimation of the state of ossification of the hand bones in order to 
di sti ngui sh young bats from 01 d (Barrett-Hami lton, 1910). 

Today procedures used in age determination are based upon four major 
criteria, (a) increase in size (b) structural degradation (c) growth 
changes and (d) growth rings or incremental 1 ines (t~ort'is, 1972). 

(a) Methods based on size increase 

In this category the methods are based on the surmise that as the 
animal ages it gets ,bigger, at least until maturity. Increase in 
body mass has been used for age determination in I.P.tesicus fuscus 
(Burnett & Kunz, 1982) and Myotis lucif~ (Kunz & J\nthony, 1982). 
Several linear dimensions have been used, including forearm length 
(Baag¢e , 1977a; Burnett & Kunz, 1982; Kunz & Anthony, 1982) and 
total "ling tip length. Condylobasal length and mandible length have 
all been used by Daag¢e (1977a) for comparison with X-ray fusion 
technique s in studies of three Microchiropteran species. 
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Mo!"ris (197 2) r emark ed tha t th e bac ul um ;s 1 ikely to show ma rked 
changes in si ze and shape corre l ated "lith age and part icularly with 
attainm ent of se xual matu r ity. Baa g¢e (1973) using bacula of t HO 
species of Myo t is fo und a correl atio n ~~ith age as det ermined by t he 
epiphys ea l fu s ion meth od. HO \,/ever usin g bacula from 
Myotis daub ent oni, B a a g ~e (1977b) found so much ov e rl ap in th e 
correla t ion betw een age and size th at he concluded that in thi s 
speci es the bac ulum was of limited use as an age indicator. 

The techniqu e of usi ng dry mass of eye lens, as revie\'ied by Fri end 
(1968), \~ as tried by Per ry (1965) when analysing popul ations of th e 
guano bat (T adarida br asiliensis) . Perry & Herreid (1969) compared 
this method with tooth wear 'in the sa.me species and found a 71,6 % 
agreement between the two methods fo r the overall analysis of the age 
structure of the popul ation. 

Baculum mass and size is a 'conveni ent method for separating juveniles 
from adults, but its appl;cat'ion is limited to material from de ad 
males. The techniqu e for eye lens mass is most accurate in th e 
period of rapid growth prio!" to the attainment of adult size, but its 
main disadvantage, l'ike the baculum method, is that it is applicable 

. only to dead materi al and materi al shoul d be call ected withi n a fe\"1 
hours of death. 

(b) Methods based on structural degradation 

There is an increase in the degeneration of certain mammalian body 
structures with age, and these changes give rise to the second 
category of age determi nati on techn; ques. The degradati on of teeth 
has been used for bats. 

Age evaluation based on tooth wear is a much used method and depends 
on the fact that in most mammalian teeth (except those with open 
roots), growth ceases once the tooth is fully formed. The teeth are 
therefore gradually worn from the time they have emerged until the 
animal dies. Thus the degree of tooth wear' is assumed to be 
proportional to the animal's age. 

A subjective assessment of tooth \oJea r was used for bats as early as 
1917 by Knud Anderson who distinguished five stages of tooth wear in 
the W pattern of t he upper molars of ~hinolophus rouxi. Sluiter & 
Bouman (1951) recogni zed three age categori es of Myotis myotis on a 
purely subjective bas is. I.ater S'luiter (1954) obtained an index of 
age by measuring th e hei ghts of t he buccal cones of Ml and M2 . 
Stegeman (19 56 ) was abl e to distinguis h four age groups using wear of 
,~l .. in Myotis luci.f.t.1J .. l.!.:~ and also noted a sequence in the wear of 
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commi ss ure s and cusps. Based on maxill ary cani ne \'1e ar, Twente (1955) 
allot ted six groupings of tooth wear for th ree Microchiropteran 
species but was un able to find canine wear in a fourth speci es 
i nvest i gated. Hall, Cl outi er & Gri Hi n (1957) tested the subj ecti ve 
methods of Stegemen (1956) and Twente ·(1955) and concluded from their 
resul ts that these tooth \',ear methods presented hi ghly unrel i abl e 
criter ia. Dav is, Herreid & Short (1 962 ) Horking with the Mexican 
free-tailed bat (Tadari da mexi cana) and Christian (1953) with the big 
bro wn bat (Eptes icus fuscus) used three age classes for analysis on a 
subj ect ive basis. Later Chr istian (19 56 ) used occlusal tip \vidth of 
upper cani ne as an age i ndi cator "j n E. fuscus. Thi s procedure \'JaS 

repeated by Cl ark (1979) for E. fuscu s and ~yoti s 1 uci fugus. Baag~e 

(1977b) adopted the method of Sluiter (1961a) in measuring the crown 
height of Ml in four species of insectivorous bat. He then obtained 
a tooth wear index by adding the heigh ts of the two cusps on the 
ero\"n and di vi di ng by the tooth 1 ength. Hhen compared vii th the 
results from X-ray epiphyseal fusion techniques and pulp cavity 
decrease, tooth wear showed an overall gross correlation in all four 
species. 

Bradbury (1977) working \'Jith the Hegachiropteran 
Hypsignathus mon strosus, assigned specimens to one of four known age 
classes for bats older than two years, based on eruption of cusps on 
premolars and degree of wear on molars. 

(c) Methods based on growth changes 

In the majority of mammal ·ian species, milk teeth develop and are 
repl aced by permanent teeth. The success i ve loss and erupti on of 
tee the nab 1 ere 1 at i ve age to bed e term; ned by s i III P 1 e -j n s p e c t ion 0 f 
the mouth to see 't'lli ch stage has been reached" and by knowl edge of 
the eruption sequence. Jeffrey (1978) working on el and 
(Taurotragus oryx), Smuts, Anderson & Austin (1978) on the African 
lion (Panthera leo) and Spinage (l967) on the Uganda Oefassa 
water-buck (Kobus el1ipsiprymnus) employed this procedure. A 
quantitative approach has been used by Grimsdell (1973) for the 
African buffalo (Syncerus caffer), Ockerse (1959) for the vervet 
monkey (Cercopi thecus pygerythrus) and So\·,l s & Phelps (1968) for the 
African bushpig (Potamochoerus porclIs) applying known ages of 
eruption of the permanent teeth and variations in eruption timing. 
Apart from th; s present research (Sowl er, 19BO), no reference has 
been found to the application of tooth eruption sequence as a means 
of age determin ati on in bats. 

Howev er some inform ation on Chiropteran dental dev elopment and 
descriptions of deciduous dentition is avai lab le. Friant (1951) 
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describes the deciduous dentition of Hipposideros caffer and 
t~atthews (1950) the dec iduous dentition and its replacement by the 
permanent teeth in Nycteris lei sleri. 

The pul p cav; ty is gradually di mi ni shed wi th age as secondary denti ne 
is deposited around the walls of the cavity inside the tooth 
(K 1 eve z a 1 & K 1 e -j n en b erg, 1969). t~ 0 r r i s (1972): s u 9 9 est s t his a s a 
guide to age either by X-ray analysis or by sectioning of teeth. 
Baagcie (1977b) developed a techn; que for bat teethi n which he 
suspended the upper canines of the four species used in glycerine and 
inspected and measured the wi dth of the pul p cavi ty under a 
dissecting microscope. He found that the results gave gros s overall 
correlation with other age determination methods. 

Based on the observation that ossification of the epiphyses of long 
bones occur when adult size is attained, unfused epiphyses have been 
used to indicate growth in a mammal as an approximate guide to age. 
The technique was described by vJeinman & Sicher (1947). In bats the 
state of ossification of fhe hand bones is estimated by holding the 
\'ling against a light source to see if the epiphyses and diaphyses are 
fused (Cranbrook & Barrett, 1965; Stebbi n9s, 1968) 0)" by feel i ng for 
fl exi bi 1 i ty in the joi nts (Rosevear, 1965). These cri teri a have been 
used in Myoti s myoti s (Rybar, 1969), Myoti s 1 uci fugus (Dav; s & 
Hitchcock, 1965), Rhinolophus hipposideros (Rybar, 1971) and 
Pi pi strel', us subfl avus (Davi s, 1963). A refinement to thi s method 
for bats was employed by Baagde (1977b) using a modified X-ray 
technique. Five different groups were established based on observed 
details of the fusion process by X-ray procedure. Burnett & Kunz 
(1982) working on Eptesicus fuscus measured the length of the fourth 
metacarpal phal angeal epi physeal gap and used thi s as an age 
determination criterion. Linear dimensions and dentitional 
techniques provide a more easily applied means of determining the age 
around which phalangeal epiphyseal fusion occurs. 

Quality, length and colour of pelage have been used by many authors 
to di sti ngui sh juvenil e, subadul t and adul t bats (Ei sentraut, 1936; 
Gaisler,1966; 1971; Mazak,1963; 1965; Stebbings, 1968). 

Nip p 1 e s i z e and con d; t ion m ay be use d to dis tin 9 u ish bet wee n 
null i parous and p~rous bats (Racey, 1974a). These criteri a were used 
by Pearson, Koford & Pearson (1952) for age di ag,nosi s of young femal e 
Plecotus rafinesquei until they reached nine months old, by Sluiter 
(1954, 1961a) for two species of fllyotis and by Baag0e (1977b) for 
~otis daubentoni. 

In male bats of temperate species during the summer months the testes 
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increase in s1 ze in the peroj ad of spermatogenesis , enabl i ng i mmatu r'e 
and mat ure mal es to be di sti ngu ish ed on the basis of test i s size 
(B aag de , 1977 b ). Slui ter (1961b ) ob5e rv ed th a t th e ~aud a e 
epidi dymi des of Myo t is myotis pr ojected co ns pfcuously in t o the 
i nte rfem oral memb r ane and suppor t ed t hese fi ndi ngs with hi s to 1 ogi cal 
d a t a. As t his s p e c i e 5 doe s not r ea c h sex u a 1 ma t uri ty un tilt he 
autu mn of the second yea r, he was able to disti ngui sh hib ernat ing 
firs t year mal es f rom ol der ones. 

Pearson, Koford & Pe ar:o n (1952) di sti ngui shed you ng mal e 
Pl eco t us raii nesguei_ from udul t mal es throughout thei r fi rst year on 
several criteria including t estis and epididymis size and thickness 
of tuni ca vagi nal i s. 

In this category dent itional development offe rs a simple and rapid 
guide to age assessment with few serious drawbacks, particularly when 
used in combination with tooth "vlear. Epiphyseal ossification, like 
the technique using dentitional development can be used for both 
living and dead animals and has the further advantage of being widely 
flexible and can be modified to suit a particular species or study. 
The pelage criterion is limited in its usefulness to comparisons 
wi thi none geographi cal popul ati on. 

Criteria involving sexual characteristics are valuable when supported 
by other age di ognosti c data. By themsel ves they can i ndi cate only 
whether the animal has or has not reached the age at which sexual 
maturity ;s known to occur. 

(d) Methods based on incremental lines Ol' grov/th rings 

All previ ous methods menti oned rel ate to rel at; ve age. The 1 ast of 
the four categories involves those methods using incremental lines or 
growth ri ngs \,/hi ch refl ect seasonal differences and di sconti nUl ti es 
ingrowth processes. They are therefore hel pful gui des to absol ute 
age. Kl evez al & Kl e; nenberg (1969) wrote a detail ed rev; ew of the 
whole subject of groy/th layers in teeth and bone ;n mammals. 

Several species of vespertilionid and one species of pllyllostomatid 
bat ha.ve been aged by mi cro scopi c study of den t. al ti ssue (Baag~e, 
1977b; Christian,1956; Klev ezal & Kleinenberg, 1969; Linhart, 
1973; Lord, ~luradal i & Lazaro, 1976; Schowal t er, Harder & Treichel, 
1978). Kl evezal & K1 ei nenberg (1969) al so reported th at di sti nct 
annual 1 ayers \-Jere fo rm ed du r i ng the fi rst two to three yea r s in the 
periost eal zone of bon es of t hree species of vespertilionid bat. 

Although some authors have expressed doubt concerning the accuracy of 
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the method (Phill ips, 1971; Phi'll ips & Steinberg, 1976; Phill ips, 
Steinberg & Kunz, 1982) and its practical application (Ba ag¢e , 1977b) 
for Chiropte ran age determination, Morris (1972) believes that age 
can be accurately assessed for both young and old animals provided 
practice and care is used in the selection of material and 
i nterpretati on of resul ts. 

In this study tecllniques based on all fOUI~ major criteria were attempted; 
body gro wth measurements representing increase in size, tooth wear 
representing structural degradation, tooth eruption ·sequence, pregnancy 
palpation, nipple distension, and epaulette development representing 
growth changes and canine tooth sectioning in order to count the 
incremental lines in dentine. This last method was however rejected 
because of difficulty in accurately counting the number of incremental 
ri ngs and the 1 ength of the procedure. 

A complex method (described in APPENDIX 1) involving the use of pregnancy 
palpation, nipple distension, epaulette development methods and knowledge 
of bi rth seasons, was used to assess i niti ally the age of bats whi ch were 
to be used for the development of age determination techniques. A 
com bin a t ion 0 f met hod s, us i n 9 body g row t h pre sen ted as g row t h cur v e s , 
tooth wear and tooth eruption sequence was then selected for routine use. 
These three criteria were chosen for their application to living specimens 
(since 85 % of the data used in this research were obtained from live 
animals) and for their ease of measurement or detection in the field at 
night. 

In addition to providing a supportive age assessment tool, the 
investigation of body gro\'Jth and its expression °in growth cUI'ves also 
enables comparisons to be made between the age a.t \'Ihich sexual maturity is 
attained and the age at which the growth asymptote is reached. 

Growth curves are a useful means of presenting the complete pattern of 
gro\'/th of one part of the body. They may be used to yield predictive 
theoretical results or to summarize grov~th data. If the growth curve 
equation is derived from a theoretical model so that the parameters have 
physiological meaning, then their values may be useful for theoretical 
purposes or at least in determining that a good fit is possible, thus 
adding to the val idity of the model. On the other hand a growth curve of 
no theoretical significance might be fitted merely because of convenience 
of having the data summarized. 

A review of growth curve literature (see fl,PPENDIX II) draws attention to 
the enormous differences in opinion as to which is the best groh'th 
equation to apply. The situation was concisely summarized by ~1edawar 
(194 5 ) who s tat e d : IT h e u n i ve r sal 9 r 0 \tJ tile qua t ion i s a f oj c t ion I • 
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Beverton & Hol t (19 57) comm ented: 'The important question is not \'Ihether 
a universal representation of growth in a mathematical form is possible, 
but whether a representation can be made that is adequate for a particular 
pu rpose'. The soluti on therefore, would seem to be not to search for one 
formula to describe all growth forms, but to choose t he function which 
best satisfies the essential requirements of the case in hand. 

Having examined the possi ble growth functions available, it was dec ided to 
apply two equations, the Von Bertalanffy and the Stevens asymptotic 
reg res sion to the ~ahlbelJ!i gl"o"/th data, with a view to accepting the 
function most appropriate to the data. These t wo equations were selected 
for four main reasons: (i) The data suggest an ob'dous asymptote; (in 
the parameters in both equations are regarded as having some biological 
signi f icance (and therefore can be used for predictive purposes); (iii) 
the existence of a computer program for the Von Ber ta lanffy function 
(Hanks, 1972); (iv) the suitabil ity of the Stevens asymptotic regression 
for easy conversion to a computerized form. 

The main purpose of this chapter is to develop foundation techniques for 
use in the age and growth stage assessment of material examined to 
investigate the reproductive biology of E. wahlbergi. 

3.2 MATERIALS AND METHODS 

3.2.1 Age detenni nati on by increase in si ze and body growth 

Although methods involving increase in size criteria are simple and easy 
to apply, their uses and reliab"i1ity are limited. A diversity of factors 
affect mass, irrespective of age~ leading to possible misinterpretation of 
results. Linear dimensions were chosen as age assessment criteria in this 
study because they are 1 ess subject to external factors sLich as seasonal 
variations and because these measurements are easy to take from live 
specimens in the field at night. However linear dimensions can also 
present problems resulting in the limitation of their uses, as was 
experienced when assessing the extent to v/hich known age data from cage 
born bats coul d be used (3.3.1.2). 

Linear measurements v/ere used to provide a supportive age determination 
method for bats up to the age at which the growth asymptote is reached and 
to describe body grO\-Jth. 

(a) Linear measurements 

The following three linear measurements wet~ e taken from live 
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specimens to the ne ares t 0,1 mm (reproduceab ility ± 0,1 mm) using a 
verni er call i per. (Some cage mal ntai ned an·j mal s provi ded more than 
one measurement as they \'Iere measured at monthly ; nterval s). 

The forea rm length was measured from th e tip of the elbow to the 
radio/carpal junction on the inside surface of the fully ext ended 
left wing (FIG URE 14). Mo re USU J1 1y forearm length is measured along 
the outside of the "ling. Experi ence has sho\'In that this measurement 
varies with degree of wing flexu re. The above technique was used to 
increase rep roduceab-il ity and enable comp ari sons to be made \'Iith dry 
mounted museum materi al of varyi ng wi ng fl exures. Four hundred and 
fourteen bats (233 dd and 181 n ) were used to provi de 489 forearm 
measurements for growth analysis. 

Eye-nose di stance was measured from the anteri or corner of the ri ght 
eye to the outer edge of the right nostril (FIGURE 15). Three 
hundred and ei ghty ei gilt bats (223 dd and 16sn ) were used to provi de 
449 eye-nose measurements for growth analysis. 

Zygomatic width was measured across the vddest part of the head, just 
poster·ior to the eye (FIGURE 16). One hundred and seventy five bats 
(114 dd and 61 ~~) were used to provide 190 zygomatic width 
measurements for growth analysis. 

Al though an ·imal s were wei ghed, mass was not used in grovJth assessment 
because large fluctuations in mass were observed in caged animals as 
a result of variation in diet, weather, pregnancy and state of 
heal tho 

(b) Source of growth data 

Bats which were used to provide growth data were initially age 
assessed by a complex method fully described in APPENDIX I. 

(c) Growth functions 

3.2.2 

The Von Bertalanffy equation and the Stevens asymptotic regression 
(APPEND IX 11) were app 1 i ed to forearm 1 ength, eye-nose di stance and 
zygomatic width growth data. A computer program as used by Hanks 
(1972) was employed to fi t the Von Bertal anffy funct10n and a new 
program was written for the Stevens (1951) asymptotic t'egression 
(APPEND IX I I 1), prov; eli ng 95 '.t confi dence 1; mits for the raw data. 

Age determination by dentitional criteria 

Two dent1tional techniques were used to dete r mi ne age. The first, 
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FIGURE 14 Inside of wing surface showing the method by 
\'/h i ch the forea nn measurement ViaS take n 
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FIGURE 15 Head shm·Jing the method by which the eye-nose 
distance measur~nent was taken 

.. 
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FIGURE 16 Head showing the method by which tile 
zygomatic width measurement \'Ias taken 
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invol ving eruption sequence, ages at eruption and variation in eruption 
timin g, was us ed to develop a method for determining the age of bats from 
bi rth unt'il a full perm anent denti ti on had formed. The second, us 'j ng 
to ath crown he ight above the gum as a m ea s~re of wear, was used for 
assessing the age of bats after the pemanent teeth had erupted . 

3.2.2.1 Age determ ination hy tooth eruption sequence 

The method \'Ias sel ec t ed here, for use in t he fi el d> beca use it 
offered a quick and accurate means of determinin g the age of 
young bats. Clear evidence of li nea r growth retardation in cage 
born bats from which the erupt ion sequence had been dete rm ined , 
threw some doubt on the val idity of the method. This was later 
dispelled by favou rab le comparisons betwee n cage bo rn and wild 
bat tooth eruption timings (3.3.3). 

. r 

Tooth eruption data were obtained from two captive colonies kept 
in successive years. The first consisted of eight females, 
eight infants and one 'mature male and the second of six females 
and six infants, to give a total of 14 cage born specimens of 
precisely known age. 

Each infant born in captivity was ear tagged (PLATE 6) at birth 
and afterwards caught and examined at a minimum of three day and 
a maximum of 14 day intervals up to a maximum age of 24 weeks. 
Examination of the right hand side of the mouth was conducted on 
each infant to detect the presence of teeth as they erupted. As 
the bats were not caught every day. the day recorded when the 
tooth was first seen to have erupted is the latest possible age 
at which eruption could have occurred. For deciduous teeth, the 
day recorded on \,/hich the tooth was last observed is the 
earliest age after which it could have been shed. 

For comparative purposes and in order to confirm the val idity of 
results obtained from caged subjects, part of the eruption 
sequence in three wild recaptured neonates of known age and 
seven juveniles of estimated age based on linear body 
measurements (for definition of neonate and juvenile see 
APPE NDIX I (a) (i i) and (b) (i) ) was examined and recorded. 

For illustrative purposes and to confirm the relative positions 
of the deciduous teeth and erupting pe rm anent teeth X-rays, 
usi ng a dental X- ray machi ne \'t'e re taken of adul t and infant dry 
skulls, sagittally sectioned to avoid superimposition of teeth 
from left and right hand sides. Abbreviations for tooth names 
are those used by Smuts, Anderson & Austi n (1978). 
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PLATE 6 Ear tag of the type used on one day old 
juvenile, used to identify caged bats 
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3.2 . 2. 2 Age determinat i on by tooth wea r 

Too t h wear as expressed by t oo th he ight measured from the gum 
1 ine to the cro \'/n wa s cho sen as the only prac t ical me t hod for 
age as ses si ng live phy si cally mature bats. 

The cro wn hei ght s of t HO te eth, P3 and upper C were mea sured 
fro m t he ante ri or gum 1 i ne t o t he ante ri or tooth cro wn on the 
right ha nd side of the mou t h (FI GURE 17) us ing a vernier 
calliper (re produc eability ± 0,1 min). (Some cage maintained 
a imal s provided more t han one measurement as they were measured 
at monthly intervals). 

Thl' ee hund red and s ixty nine bats (214o'cf and 155 ~~ ) were used to 
provide 547 P3 tooth he ight measu reme nts and 266 bats (158 dd and 
108 ~<j' ) were used to provide 392 upper C tooth hei ght 
measurements. 

(a) Source of tooth ' height data 

Bats which were used to provide tooth height data were 
initially age assessed by the method fully described in 
APPENDIX 1. As P3 and uppel' C start to erupt at 1,0 month, 
bats younger than this were not used. Bats between 1,0 and 
5,0 months \vere used to determ "ine the age at \'/hich tooth 
emergence ceases and tooth wear alone proceeds. This was 
found to occur from 5,0 monthsom'lal"ds for both mal e and 
female P3 and upper C. 

(b) Tooth height/age relationship 

TV/o methods \'iere employed to determi ne {or confi rm} the 
mathematical relationship between tooth height and age from 
five months onwards, in order that an age prediction 
technique based on tooth wear could be developed. The two 
methods used were a comparison of four regression analyses 
and a comparison of actual tooth wear rates with 
theoretical tooth wear rates, obtained from linear 
regression analysis. 

(i) Comparison of four regression analyses 

Four regressi on anal yse s, 1 i nea r, exponent; al, 1 ogarithmi c 
and power we re appli ed to t he male and femal e P3 and upper 
C he i 9 h t s \'Ji t hag e , fro m 5,0 m 0 nt h so n war d s, i nor de r to 
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FIGURE 17 r~easurement of P3 and upper C tooth hei ght 
above the gum 
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select the best fit (3.3.4). 

(ii) Comparison of actual tooth wear rates with theoretical 
tooth wear rates, obtained fron linear regression 
analyses. 

The results of the comparison between the four regression 
analyses (i) showed that the best fit to the tooth 
height/age data ,,>/as a straight line (3.3.4). In order to 
corroborate this result, the slope of the fitted straight 
1 i ne was adopted as the theoreti cal val ue for tooth wear 
rate and this compared with an actual value for tooth wear 
rate, calculated independently as shown below. 

The actual tooth wear rate (mm/month) \'Ias determined by 
taking the absolute loss in P3 and upper C height in bats 
betv/een captures, divided by the precisely known interval 
in months. (Interval s betv/een captures of less than three 
months and bats younger than 5,0 months were not used). 
This value \'laS calculated for female P3 using wild 
recaptured animals and for female upper C using a 
combination of wild recaptured and cage maintained animals, 
as insufficient wild recapturei alone were available for 
this measurement. Too few male animals, either w-ild 01' 

cage maintained were available to perform this test on male 
Ps and upper C. 

Eighteen wild recaptured females (APPENDIX I (b) (iv) ) 
with widely different tooth heights (3,3 - 1,1 mm) and 
recaptured over i ~terval s varyi ng from three to 28 months, 
were used to obtain the actual female P3 wear rate. Six 
~ild recaptured females and 15 cage maintained females 
(APPENDIX I (b) (v)), also "lith \'iidely different tooth 
heights (4,4 - 2,5 mOl) and recaptured over intervals 
vary; ng from three to 17 months \.;ere used to obtai n the 
actual female upper C wear rate. 

All the wil d recaptured bats whi ch were used for the 
calculation of actual tooth wear rate were of unknov.fn age 
and had not been used to provide data for the tooth 

. height/age plots from which the theoretical tooth wear 
rates were calculated. 

(c) Tooth growth/wear cUl've 

On the basis that a linear relationship exists between 
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tooth height and age from 5,0 months onwards, and that 
tooth growth would be asymptotic if wear did not intervene, 
a biologically significant curve was developed to describe 
the entire process of tooth development from eruption and 
growth through to wear. The data which were used to 
develop the tooth growth/wear curve are described in 
3,2.2.2 (a) and in the APPENDIX 1. The development of the 
equation for this curve and the computer program which was 
designed to execute it are set out in APPENDIX III. 

Body growth 

3.3.1.1 Comparison of the Von Bertalanffy function with 
Stevens asymptotic regression 

The Von Bertal anffy fUllcti on and Stevens asymptoti c regressi on 
were used to construct the six growth curves; male and femal e 
forearm length, eye-nose distance and zygomatic width. The 
curve fi ts achi eved for the same data sets by the two growth 
fun c t ion s \'/ ere com par e d by t a kin g the poi n t 0 f 9 rea t est 
di vergence between the curves and expressi ng it as a percentage 
difference. The greatest difference occurred between the two 
curves for growth in male eye·-nose di stance (10,54 X). The mean 
percentage difference for the three male growth curves was 
7,76 X, s.d. = 4,29 and for the three female gro\·,th curves 
1,14 %, s.d. = 0~38 . . As v/oul d be expected by nature of the 
form they are designed to assume, very little difference exists 
between the fi ts prov; ded by the two growth functi ons and on 
this basis alone selection could not . be made. However Stevens 
regression was chosen for application to the growth data in this 
research because it is a simple and easily applied formula, 
providing as good a fit as the Von Bertalanffy function without 
the computation of parameters of dubious biological significance 
(Hanks, 1972) and derivation (Richards, 1959) and for its useful 
quantification of growth rate (p) suitable for comparative 
purposes. The Von Bertal anffy equation has been llsed frequently 
in the study of African mammals (APPENDIX II) v/hereas the 
equally suitable Stevens regression (1ppears to have been 
overlooked. 

3.3.1.2 Stunted growth in cage born bats 
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Forearm 1 ength and eye-nose growth data from cage born and wi 1 d 
bats were comp ared (FIGURES 18 to 21) in order to assess the 
extent to whi ch these two sources of data caul d be combi ned. 
(See FIGURE captions for details of numbers of specimens and 
mea surements used in these comparisons). Zygomatic width groy/th 
was not compared as this measurement was not available for cage 
born bats older than 2,5 months. 

The differences between the asymptotic growth values were found 
to be h i g h 1 y s i 9 n i f i can t (P< 0 ,00 1) ~'1 hen 0 net ail edt est s 0 f 
significance using the z statistic were applied (TABLE 2). 
Unfortunately, although the sample sizes for cage born bats aged 
o to 2,5 months are five or more, from 3,0 to 8)5 months the 
sample sizes are reduced to tHO or three. For this reason an 
indication of spread (95 % confidence limits or s.d.) of 
asymptotic growth data in cage born bats has not been possible, 
but the extremely large z values are highly indicative of great 
significant difference without the application of this 
i nfonnati on. 

Ideally s therefore cage born bat growth data shaul d not be used 
in the development of age determi nati on procedures for use in 
wil d popul ations. However because of a behavi oural strategem, 
age groupings 0,5 to 1,5 months were never caught in the wild 
and apart from three \"n d neonates ",h·i ch provi ded growth data 
for male forearm length and eye-nose distances at 0 and 0,25 
months, no wild specimens were caught in age groupings 0 to 0,25 
months. This biased sampling was a consequence of a behavioural 
strategem in whi ch mothers carry the; r young \'ri th them in fl i ght 
while feeding for the first week, and thereafter, until the 
juvenile learns to fly at 2,0 to 2,5 months, leave them hanging 
in a tree. Mist netting of feeding bats at night therefore 
failed to capture young bats during this phase of life. 

The age at whi ch the cage born and \,,;1 d growth patterns have 
distinctly diverged is variable (male forearm length at 2,5 
months, male eye-nose distance at 4,0 months, female forearm 
length at 3,0 months, female eye··nose distance at 5,0 months). 

Therefore as a result of stunting in growth, data from cage born 
bats were not used in the construction of growth curves except 
to provi de a starti ng po; nt where wil d data in age groupi ng 0 
m 0 nth s w ere e i the r not a vail a b 1 e 0 I~ ins u f fie i e n t. T his \'/ a s 
considered justified because the earliest age at which the cage 
born and wild growth patterns diverged was at 2,5 months. 
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FIGURE 18 Comparison of forearm length growth between 
cage born males (~) and wild mule bats (1.t.) 

Cage born bat growth curve: Ten animals 
provided 52 measurements. ---- represents the 
computer cal cul ated asymptote for cage born 
bat forearm length as no bats older than 8,5 
months were available in this category 
Stevens equation for this curve: 

y = 69,29 - 36,79 (0,48)x 

Wil d bat growth curve: Two hundred and 
thirty three animals provided 276 
measurements. Stevens equation for thiS 
Clli~ve: 

y = 84,78 - 51,30 (0,59)x 

(Vertical line - range, triangle - mean) 
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FIGURE 19 Compa r i son of eye-nose di stance growth 
between cage born mal es (0) and wi 1 d mal e 
bats ( ~ ) 

Cage born bat growth curve: Nine animals 
provided 61 meassurements. ---- represents 
the computer asymptote for cage born bat eye
nose distance, as no bats older than 8,5 
months were available in this . category 
Stevens equation for this curve: 

y = 19,55 - 8,46 (O,71)X 

Wild bat growth curve: Two hundred and 
tv/enty three animal s provi ded 255 
measurements. Stevens equation for this 
curve: 

y = 25,44 - 13,94 (O,79)x 

(Vertical line - range, square - mean) 
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FIGURE 20 Comparison of forearm length between cage 
born female (b) and wild female bats (A) 

Cage born bat growth curve: Nine animals 
provided 53 measurements. ---- repr6sents the 
computer cOal cul ated asymptote for cage born 
bat forearm length, as no bats older than 5,0 
months \vere available in this category 
Stevens equation for this curve: 

y = 69,26 - 38,42 (O,41)x 

Wi 1 d bat growth curve: One hundred and 
e; ghty one animal s pravi ded 213 measurements. 
Stevens equation for this curve: 

y = 80,68 - 48,67 (0,51)x 

(Vertical line - range, triangle - mean) 
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FIGURE 21 Comparison of eye-nose distance between cage 
born female (0) and wild female bats ( ). 
Cage born bat growth curve: . Ni ne animal s 
provided 53 measurements. ---- represents the 
comp uter cal cul ated asymptote for cage born 
eye-nose distance, as no bats older than five 
months were avail able in this category 
Stevens equation for this curve: 

y = 18,35 - 7,76 (O,65)x 

Wild bat growth curve: One hundred and sixty 
five animal s provided 194 measurements. 
Stevens equation for this curve: 

y = 22,32 - 11,52 (O,74)x 

(Vertical line - range, square - mean) 
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TABLE 2 Comparison of asymptotic growth values 
between wild and cage born bats 

z for 
Growth measurement wild n wild x ± 1 s.d. cage born difference significance 

(mm) (mm) 

Male forearm length 43 84,78 ± 2,97 69,29 34,21 
Male eye-nose distance 36 25,44 ± 0,90 19,55 39,12 
Female forearm length 113 80,68 ± 4,40 62.26 44,52 
Female eye-nose distance 106 22,32 ± 1,40 18,35 27,28 

(No n or s.d. values are given for cage born bats, because the asymptotic value 
presented is a computer calculated value based on measurements of bats prior to 
reaching the asymptote and small numbers (two and three) which had reached the 
asymptote) 

P <0~001 

P <0,001 
P <0,001 
P <0,001 

0 ) 
'...J 
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3.3.1.3 Growth curves and relationship of growth stages to 
dentitio nal, reproductive and behavioural events 

Growth curves for male and female forearm length, eye-nos e 
distance and zygomatic width were constructed using the computer 
program for Stevens asymptotic regression with 95 % confidence 
limits for the r aw data (FIGURE 22 to 27). Information 
concerning the numbers of animals used for each curve, the 
composition of kno wn age and estimated age bats, and the Stevens 
regression equations for each curve "is "given in the caption for 
each FI GURE. 

Growth does not occur as smoothly as a math em atically 
constructed growth curve woul d suggest (Jenss & l3ayl ey, 1937), 
nor is maximum size achieved instantaneously or at the same age 
by the enti re popul ati on (upper 95 % confi dence 1 i mi tin FIGURES 
22 to 27 demonstrate thi s). For these reasons an exact val ue 
for the age at v/hich the asymptote is reached cannot be given, 
but to enabl e compari sons to be made, an arbitrary val lie may be 
chosen. In thi s study the asymptoti cage is given as the age at 
whi ch the gro'l/th rate fi rst reach~s 0,01 '.t of the asymptoti c 
val ue (as cal clIl ated from Stevens regression) per month. 

(a) ~1ale foreann length (FIGURE 22) 

Forearm length growth from birth until 3,0 months is rapid, 
with a mean gro\'lth rate of 13,61 mm/month. ihis phase 
coincides with the juvenile period {APPENDIX I (a) (i)) 
during which the y6ung bat is suckled and dentitional loss 
and erupti on occur. At 3,0 months the growth rate starts 
to dec rea s e , \\' e ani n 9 t a k e s p 1 ace and a full perm an e n t 
denti ti on is present. From 3,0 to 11,0 months (attai nment 
of the asymptote of 84,78 mm), the growth rate slows to a 
mean value of 1,29 mm/month. This phase corresponds to the 
subadu1t period (APPENDIX I (b) (in) prior to sexual 
maturi ty and covers the transitional stage when tooth 
emergence is repl aced by tooth \-/ear. 

The attai nrnent of sexual maturi ty, evi denced by epaul ette 
and dark ruff development, testes tubule diameter in excess 
of 140 ~m and the presence of spermatazoa in the epididymis 
cauda (4.3.2) occurs beb1een 13,0 and 17,0 months of age. 
This occurs soon after the attainment of the asymptotic 
foreann length of 84,78 mm is reached at 11,0 months. 
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FIGURE 22 Stevens asymptotic regression curve for male 
forearm 1 ength growth wi ttl 95 % confi dence 
bands T\'1o hundred and thi rty three bats 
were used (15 known age, 218 estimated age) 
Equation for the curve: 

y = 84,78 - 51,30 (0,59)X 

a = asymptote 

(Vertical line - range, triangle - mean) 
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The adul t phase of life succeeds this and is characterized 
by reproductive activity and tooth wear . 

(b) Male eye-nose distance (FIGURE 23) 

Eye-nose distance has a much slower growth rate than 
forearm 1 ength. The most rapi d peri od of growth occurs 
from bi rth up to 7,0 months (1,61 ,!TIm/month) and extends 
from the juv en ile into the subadult period of life. From 
7,0 months until the eye-nose distance asymptote (25,44 mm) 
is reached at 20,5 months, the rate of growth decreases to 
a mean rate of 0,19 mm/month. The asymptotic val ue is 
attai ned well into adul t 1 i fe, as defi ned by the onset of 
sexual maturi ty and attai nment of forearm length asymptote. 

(c) t~ale zygomatic width (FIGURE 24) 

The growth pattern of this crani~ measurement is similar 
to that for eye-nose distance. The most rapid period of 
growth occurs from birth to 7,0 months (1,33 mm/month) and 
al so extends throughout the juvenil e phase into the 
subadul t. 

The growth asymptote of 27,50 mm is reached at 21,0 months 
after a period of rapidly decreasing growth rate (from 7,0 
to 21,0 months; mean growth rate 0,18 mm/month). 

(d) Female forearm length (FIGURE 25) 

Like the male the ,most rapid period of forearm growth, from 
birth to 3,0 months (mean growth rate 14,05 mm/month) 
coi nci des with the juvenil e phase. From 3,0 to 8,5 months 
the growth rate decreases to 1,15 mm/month. Duri ng thi s 
peri od of slower grov/th, pri or to the attai nment of the 
forearm length asymptote, the female bat, unlike the male 
reaches sexual maturity and conceives. for the fi rst time at 
5,0/6,0 months of age. 

A female subadult nulliparous bat (APPENDIX I (b) (in);s , 
defined as bei n9 from 3,0 to 5,0/6,0 months 01 d. At 
5,0/6,0 months 01 d she fi rst becomes pregnant and passes 
from the subadul t to the adul t stage. Therefore the two 
aspects of physical maturity, attainment of maximum linear 
size and sexual maturity do not coincide. Gro\'ith in linear 
dimensions continues to occur into ~adulthood' as defined 
by the a b ; 1 i ty tor e pro d u c e. Aft e r the at t a i n men t 0 f the 
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FIGURE 23 Stevens asymptotic regression curve for male 
eye-nose di stance growth ~,,; th 95 % confi dence 
bands Two hundred and twenty three bats 
were used (12 known age and 211 estimated 
age). Equati on for the curve: 

y = 25,44 - 13,94 (O,79)x 

ex = asymptote 

(Vertical line - range, square - mean) 
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FIGURE 24 Stevens asymptotic regression curve for male 
zygomatic width growth with 95 % confidence 
bands One hundred and fourteen bats were 
used (11 known age and 103 estimated age) 
Equation for the curve: 

y = 27,50 - 12,05 (0,81)x 

ex = asymptotic 

(Vertical line - range, circle - mean) 



~--~~-----------------------------------------r0 CD 

• 
• 
• 

I 
~I 

I 

o 
II) 

o 
v 

6 
M 

0 
N 

o ... 

~--------------~--~~~-----r----------~-----rO 
o 
M 

o 
N 

o ... 
(W w) H.lOlM :>I.lYWODAZ 

o 

en 
~ .-
z 
0 
::!: 
z 
w 
e" 
c( 



73 

FIGURE 2!) Stevens asymptotic regression curve for 
female forearm length growth . with 95 % 
confidence bands One hundred and eighty one 
bats were used (10 kno\tln age and 171 
estimated age) Equation for the curve: 

y = 80,68 - 48,67 (0,51)x 

ex = asymptote 

(Vertical line - range, triangle - mean) 
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forearm 1 engtil asymptote (m ean 80,68 mm) at 8,5 month s, the 
female bat gives birth for the first time \'1hen 

approximately 12 months 01 d. 

(e) Female eye-nose distance (FIGURE 26) 

As in the mal e the most rap; d per; od of eye-nose di stance 
growth is from birth to 7,0 months (1 ,46 mm/month). 
Thereaf ter the growth rate slows to a mea n rate of 0,12 
mm/month until the asymptotic value 22,32 mm is reached at 
17,5 months. 

(f) Female zygomatic width (FIGURE 27) 

The early period of rapid growth occurs in the first seven 
months of 1 i fe at a mean grm'lth rate of 1,23 mm/month. The 
usual pattern of decreasi ng growth rate takes pl ace from 
7 ,0 to 1 7 , 5 m 0 nth s (m e an g r 0 vi t h rat eO, 14m m / In 0 nth) \v hen 
the zygomatic width asymptote of 25,62 mm is reached. 

3.3.2 Dentition 

3.3.2.1 Description of deciduous dentition 

At birth, infants have the following dentition: 
211 

i -;. C 1 P 1 

Between the second and th i rd week, the second deci duou s 
premolars appear in the upper and lower jaw, making a tot~ of 
20 teeth (FIGURE 28). In appearance the mil k teeth are small 
and needle sharp. They have shallow roots, are easily dislodged 
and they are also lightly enamelled (PLATE 7). 

3.3.2.2 Description of permanent dentition 

The total number of permanent teeth in a normal adult 
E. wahlbergi is 28 (FIGURE 29): 

2 121 
1-;- C~ P~ M-; 

Of the four upper and lower premolars and the three upper and 
lower molars present in the theoret ical ancestral mammal, the 
f.1egachi roptera have lost P2 , p2 and M 3. _Epomophorus has in 
addition lost pl , ML and M3 (Grasse, 1955). Compared with th e 

. ancestral mammal i an condi ti on, the dent; ti on can be represented 
as follows: 
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FIGURE 26 Stevens asymptotic regression curve for 
female eye-nose distance growth with 95 % 
confidence bands One hundred and sixty five 
bats were used (nine known age and 156 
estimated age) The equation for the curve: 

y = 22,32 - 11,52 (O,74)x 

a = asymptote 

(Vertical line - range, square - mean) 
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FIGURE 27 Stevens asymptotic regression curve for 
female zygomatic width growth with 95 % 
confidence bands Sixty one animals were 
used (six known age and 55 estimated age) 
Equation for the curve: 

, y = 25,62 - 10,2~ (O,77)x 

a. = asymptote 

(Vertical line - range, circle - mean) 
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FIGURE 28 Full deciduous dentition io a 14 day old 
j uvenil e 

PLATE 7 X-ray of 14 day old juvenile, showing 
deciduous and unerupted permanent teeth 
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FIGURE 29 Perlnanent dentition in an adult ~omophorus 
\'/ahl bergi 
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The t eeth are st rongly enamel led (PLATE 8) and t he prem olars and 
mol ars are conspi cuously cu sped. 

3.3 .3 Too th eru ption 

TABLE 3 su mma d ze s th e se quence of loss and e r upt i on of te et h 
\'lith age and th e variations in age at los s of decid uous te e th 
and e r u p t -Ion 0 f per man e n t t ee t h. The 0 v e- r all pat t ern 0 flo s s 
and e rupt ion vari es be t\'lee n individuals. The mini mum variatio n 
was 12 days for the eruption of lower C, wh ile the maximum was a 
6 7 d ay v a r; at; 0 n i n los s 0 f i 2. I n 9 e n era 1, the tee t ho f the 
upper ja \,1 shovle d a wide r ra ng e over which each loss/eruption 
occurred (14-67 days), th an those of the lowe r jaw (12-38 days). 

There is some varia t 'ion in sequence of erupting teeth, but the 
first and last teeth to erupt are the sa me in all individuals, 
upper C and P3 being the first to appear and M2 and 12 being the 
1 ast to erupt. 

The age at which a full permanent dentition was reached varied 
from 81 to 150 days, with a mean of lOG days. This range was 
due to the extended presence of i 2 in two out of five juveniles. 
If the prolonged presence of this tooth is discounted and the 
eruption of the last tooth (12) is counted as heralding the 
onset of full permanent dentiti on, then the range is reduced to 
81-100 days {12-15 vleeks} with a mean of 90 days. 

Although a small amount of variation exists, the position of the 
deciduous teeth in relation to the permanent teeth which erupt 
alongside is fairly constant. Upper and lower incisors all 
erupt immediately posterior to the deciduous incisors. Both 
upper and lower canines appear anterior to the milk canines. P1 

is cut posterior to the deciduous canine, while upper and lower 
P3 llnd upper and lower P4 erupt on either side of pI and PI 
(FIGURE 30 and PLATE 7). 

Tooth data from three wild recaptured neonates of known age 
confirmed that tile ages of dentitional loss and eruption found 
in caged bats at birth and 2,5 to 4,0 months of age we r e 
concordant. Seven wild age estimated juveniles furth er 
confi rmed th at dentiti onal ages were the same as ; n caged bats 
of 2,0 to 3,0 months 01 d. 
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PLATE 8 X-ray of permanent dentition in adult 
Epomophorus wahl bergi 
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TABLE 3 Table summarizing sequence and range of ages 
of dentitional loss and eruption in 
E. \'/ahl bergi 
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FIGURE 30 14 day old juvenile showing the relationship 
between deciduous teeth and unerupted 
pennanent teeth (see al so PLATE 7 ) 
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3.3.4 Tooth wea r 

(a) Tooth height/age relation ship 

(i) Comparison of four regression analyses 

It was necess ary to de termi ne \'I hich of four typ es of 
regress ion ana lysis; linear, exponential, lo gar ithmic or 
pO \'Je r, would provide th e best fit for all four sets of 
tooth height/age data (male and fe mal e P3 and upper C). 

The four regression analyses \.;ere carried out on a·ll four 
sets of data and a X2 test of significance was carri ed out 
between the four resulting r values (from male and female 
P 3 and upper C) for each type of regression (TABLE 4). 
There was no significant difference between them and 
therefore the r values He re pooled in order to provide a 
comparison between the types of regression analysis. The 
1 inear regression gave the best fit to the data. 

(ii) Comparison of actual tooth wear rates with theoretical 
tooth wear rates, obtained from linear regression analysis 

Actual tooth \olear rates for femal e P3 (0,0321 mm/month) and 
upper C (0,0407 mm/month) \'Iere compared with the 
theoretical tooth wear rates (~P3 = 0,0316 mm/month, ~ 

upper C = 0,0449 mm/month) obtained from the $1 ope of the 
linear regression for tooth height with age, and were found 
not to be significantly different. (~P3' t :: 0,12; 17 
d.f. P> 0,05 n.s.; l upper C, t = 0,98; 20 d.f. 

P> 0,05 n. s. ). 

On the basis of these tests a linear 
relationship was accepted as best describing the 
relationship of male and female P

3 
and upper C tooth height 

\'11 th age, from 5,0 months om-lards (FIGURES 31 - 34). 

(b) Tooth growth/wear curve 

Although the tooth growth/wear equation (APPENDIX III) 
could be used as an age predictive tool based on tooth 
height for bats from 1,0 month old, it has not been used in 
this l~eseilrch, because too few tooth hei ght measurements 
Viere taken during tile tooth gro\,/th or eruption ph ase. 
Instead age determination (by dentition) of bats up to 
3,0/4,0 months \'1as aChieved by tooth eruption sequence and 



TABLE 4 Results of X2 tests of significant difference between 
the four sets of tooth height/age data and their 
pooled r values for the four regression analyses 

Type of regression X2 test of significant Pooled value for 
di fference bebveen r r 
values for d' & Cf 

P3 and upper C tooth 
' height/age data 

Li near X2 :: 0,33, 3d.f. n.s. P>0,05 0,97 
Exponenti al X2 :: 0,62, 3d.f. n.s. PO,05 0,95 
Logarithmic X2 :: 0,12, 3d. f. n. S. P>0,05 0,88 
Power X2 :: 0,12, 3d. f. n.s. P>O,05 0,84 

85 
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FIGURE 31 Male P3 \'lear Linea.r I~egres sion of tooth 
hei gh t wi th age, w·i th 95 % confi dence bands 
Equation for the line: 

y = 3,29 - 0,03 x; r = 0,97; P< 0,001 

Two hundl'ed and fourteen bats prov; di ng 272 
measurements were used 

(Vertical line - range, circle - mean) 
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FIGURE 32 ~1ale upper C wear Linear regression of 
tooth hei ght vJi th age, wi th 95 % confi dence 
bands Equation for the line: 

y = 4,83 - 0,03 x; r = 0,97; P < 0,001 

One hundred and fifty eight bats providing 
199 measurements \'/ere used 

(Vertical line - range, circle - mean) 
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FIGURE 33 Fem al e P3 wear Linear regressi on of tooth 
hei gbt wi th age, w·j th 95 ~~ confi dence bands 
Equation for the line: 

y = 3,24 - 0,03 x; r = 0,96; P< 0,001 

One hundred and fifty five bats providing 275 
measuremen ts were used 

(Vertical line - range, circle - mean) 
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FIGUR E 34 Female upper C vlea r Linear regression of 
tooth height with age, vlith 95 % confidence 
bands Equation for the line: 

y = 4,65 - 0,04 x; r = 0,98; P < 0,001 

One hundred and eight animals providing 193 
measurements were used . 

(Vertical line - range, circle - mean) 
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after 5,0 months by a straight l ine plot of tooth height on 
age. 

3.3.5 Age determination 

TABLES 5 & 6 pres en t a guide to age assessment throughout the life of 
E. wahlbergi, usin g a co mbination of selected growth, dent itional, 
behavioural and reprodu ct 'ive crite r ia. In the tooth eruption sequence 
column, events have been chosen for tl1eit consistency ;n time of 
appearance and widely spaced ages of eruption . 

To dete0mine the age of ba ts between 0 and 3,0-4,0 months a combination of 
eruption sequence, linear measurements and behavioural/reproductive events 
(where applicable) are used. From 5,0-6,0 to 11,0-12,0 months tooth 
height and linear measurements are used, with an absence of epaulettes in 
males and the palp ab le pres ence of a full term fetus (accompanied by 
little to no nipple distension) in females to indicate approximately one 
year of age. From 13,0 to 15,0 months, epaulettes develop in males and 
after this tooth height is the only criteria available as the linear 
measurements have either reached or nearly reached their asymptotic 
values. Using 95 % confidence intervals some overlap in tooth heigllt 
exists between the tabulated age categories. In practice this means that 
tooth height at best will provide an age assessment to within five months 
(for example: if upper C = 3,10 mm - 5,0 to 10,0 months) and at worst to 
within 14 months (for example: if upper C = 2,00 mm - 36,0 to 50,0 
months). 

However the method which was used in APPENDIX I for initially age 
estimati ng the subadul t category, can be usefully appl i ed he l" e to bats 
which have reached the asymptote of growth. By assumi ng the animal was 
born in November/January birth pul se and cal cul ating back accordingly, the 
age estimation can be narrowed. For example, a female caught in July 1980 
with P3 = 2,5 mm and upper C = 3,7 mm would be age assessed by TABLE 6 at 
16 to 25 months. She coul d have been born in November/J anuary 1977/1978, 
1978/1979 or 1979/1980. The fi rst and 1 ast bi rth peri ods woul d gi ve age 
estimations outside the table calculated range (30-32 and 6-8 months). If 
she was bern in November/January 1978/1979 the age estimation of 18 to 20 
months falls within the table calculated range and this would be the age 
recorded. 

3.3.6 Age structure of the population 

Using TABLES 5 and 6 and the birth pulse method for narrowing the age 
estimation range (described above), all bats nette,d in the study area in 
1979 and 1980 (526) 'l'/ere age estimated and used in FIGURE 35 to present 
the ag~ structure of the population sampl e. Each age group is represented 
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TABLE 5 Guide to age determination in male 
Epomophorus \'Iahl berg; 



Age 
(months) 

r 0 

0,25 
0,5 

1,0-1,25 
1,30 -1 ,5 
1,55-2,0 

1 2 ,5 -3 ,0 
3,05-4,0 
5,0 -6 ,0 
7,0 -8,0 
9,0-10,0 
11,O~ 1 2,0 

13,0-15,0 
16,0-20,0 
21,0-25,0 
26,0-30,0 
31,0-35,0 
36,0 - 40,0 
41,0-45,0 
46,0 - 50,0 
51,0 - 55,0 
56,0-60,0 

Forearm 
length (nnn) 
95 % C.l. 

29,2-38,2 

35,0-44,2 
40,9-50,3 

50,0-63,1 
53,6-66, 6 
57,1 -7 1,9 
67,1 -79 ,0 
70,5-33,1 
78,3-86,9 
81,2-87,7 
82 , 3-88,6 
82,7-88,7 

~-

Eye-nose Zygomatic 
distance (mm) width (mm) 
95 % C.l. 95 % C.I. 

10,2-12,6 13,9-16,6 

10,8-13,4 14,5-17,2 
11,6-14,3 15,1-17,7 

12,8-16,3 16,1-19,3 
13,4-16,7 16,6--19,7 
13,9-18,1 17,1-20,6 
15,9-19,9 18,8-22,1 
i5,7-21,4 19,5-23,3 
19,4 -23,4 21,7-25,L 
21,2 -24,7 23,2-26,5 
22,4 - 25 ,4 24.2-27,4 
23,2-25,9 24,0-23,0 
23,7-26,3 25,3-28,6 
24,2-26,5 25,7-29,0 

25,0-29,2 

L-~~ _______ ~ -------_ . __ ._---

Tooth eruption 
sequence 

Partial decid. dent. 

Full decid. dent. 

P3 and upper C erupt 
lo'tler C erupts 

M2 erupts 
12 erupts, full perm.dent. 

. 
, 
, 

~~ 

P3 
height 
(mm) 
95 % C.!. 

3,20-3,UO 
3,15-2,95 
3,10-2,90 
3,00-2,80 
2,97-2,75 
2,83-2,60 
2,75-2,45 
2,56-2,30 
2,42-2,15 
2,28-2,00 
2,13-1,85 
2,00-1,70 
1,85-1,50 
1,72-1,35 

upper C 
height 
(mm) 
95%C.I. 

4,75-4,55 
4,70-4,50 
4,60-4,45 
4,56-4,40 

Behavioural/ 
reproductive 
events 

Eyes closed, carried 
in flight at night 
by mother 
Eyes open 
left hanging at night, 
not carried by mother 

Starts to fly 
Fl ies well 
~'Jeaned 

4,53-4,30 , Develops epaulettes 
4,45-4, 14 1 
4,30-4,00 
4,15-3,85 
3,99-3,70 
3,84-3,55 
3,70-3,35 
3,55-3,20 
3,42-3,05 
3,3U-2,YO 

I 

I 
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TABLE 6 Guide to age determination in female 
Epomo..E.horlJs \vahl berg; 



Age 

(months) 

o 

0,25 
0,5 

1,0-1,25 
1, 30 - 1,5 
1,55-2,0 
2,5-3 ,0 
3,05-4,0 
5,0-6,0 
7,0-8 ,0 

19,0 -1 0,0 
11,0- 12,0 
13,0 - 15,0 
16,0- 20,0 
21,0- 25,0 
26,0 - 3U,0 

131 ,0- :35 ,0 
3'J ,0-40,0 
41,0 - 45,0 
46,0 -50,0 
51 ,0-55,0 I 

I 56, 0-6~ ,0 _ __ 

Forearm 
length (mm) 
95 X C.1. 

28,6-35,7 

36,9-47,5 
45,3-49,3 

56,3-62 ,7 
59 ,7-66 ,3 
63,L-71, 4 
7U ,8 -77 ,8 
72 ,7-81,L 
75,6-83,9 
76 ,2-84 ,6 

Eye-nose 
di stance (mm) 
95 % C.!. 

9,6-12,3 

10,3-13,1 
11,1-13,9 

12,4-15,9 
12,9-16,5 
13,5-17,5 
15,4-19,2 
16,1-LO,4 
18 ,2-22,0 
19,4-22,9 

20,1 -23, 4 
LO ,5-23,6 
20,7-23,8 
20,9-23,9 

Zygomatic 
width (mm) 
95 % C.!. 

14,1-16,5 

14,7-17,2 
15,3-16,5 

16,3-18,6 
16,8-20,L 
17 ,L-21 ,2 
18,8-22,6 
19,4-L3,7 
21 ,4-L5,0 
22,7-L5,7 

2:3,4-26,1 
23,9-26,3 
24,3-26 ,4 
24,5-26,5 

Tooth eruption 
sequence 

Partial decid. dent. 

Full decid. dent. 

P3 & upper C erupt 
lower C erupts 

M2 erupts 
12 erupts. full perm.dent. 

'I: Fetal zygomat ic vtidth at fun term ± 16,0 mm 

P3 
height 
(mm) 
95 % C.!. 

3,20-2,95 
3,15-L,90 

3,10-2,85 
3,00-2,80 
2,95-2,70 
2,85-2,55 

,. L,70-~,35 
2,55-L,25 
2,40-2,10 
2,26-1,95 
2,10-1,80 
1,95-1,65 
1,80-1,45 
1,65-1,30 

upper C 
height 
(mm) 
95 % C.1. 

Behavioural/ 
reproductive 
events 

Eyes closed,carried 
in flight at night 
by mother 
Eyes open 
left hanging at night, 
not carried by mother. 

4,60-4,20 
4,50-4,15 

starts to fly 
F 1 i es vie 11 
Ueaned 
Conceives first t 1me I 

I Pregnant , nipples not I 
distended I 

4,45-4,1.0 
4,35-4,00 
4,25-3,90 
4,15-3,70 
3,95-3,50 
3,70-3,30 I 
3,55-3,10 
3,35-2,90 
3,15-2,70 
2,95-2,50 
2,80-2,25 
2,60-2,05 

First, full term fetus· 1 
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FIGURE 35 Age structure of the population sample netted 
in 1979 and 1980, excl udi ng bats aged 0 to 5 
months 

(This FIGURE uses all bats netted in 1979 and 
1980 not just those animals which were chosen 
to develop the age detennination methods) 
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as a percentage of th e total nUlllber of bats caught in that year. From 
ob servations of caged animals J bats do not fly well until 2,0 t o 2,5 
months of age . For this reason the 0,5 months age group has not been 
inco rporated in the FIGURE. 

3.3.7 Longevity 

In this study E. wahlbergi was not mainta i ned in captiv ity for lo nger than 
tvlO years so an esti mate of physi 01 09i cal 1 ongevi ty fo r the speci es cannot 
be mad e. An est i mat e 0 f m a x i mum e colo g i cal 1 0 n 9 e vi t y howe v e r may be 
obtai ned from wi 1 d speci mens foun d dead, ma rked and recaptured, and 
captured once and age est imated by tooth hei ght and birth pulse. 

(a) Six natural de aths were encountered, of \,/hi ch four were marked 
animals. These four were estimated at 15-17, 17-19. 30-32 and 37-39 
months. Two unbanded bodi es were exami ned and by tooth wear and 
bi rth pul se one \'/as estimated to have di ed at 9-11 months. The 
second was a female with molars and premolars worn flat with the gum. 
An estimate of nine years for the age of this bat was made by 
project; ng the regressi on 1; ne (representi ng the tooth hei ght/age 
relationship) to its intersection with the age axi~ 

(b) The oldest wild recaptured living bats were three in the 46-50 month 
grouping, three in the 51-55 month grouping and one female estimated 
to have been 58-60 months 01 d. Stegeman (pers. comm.) reports that 
an E. wahl bergi femal e was recaptured 55 months after it had been 
banded as an adul t, whi ch woul d age esti mate thi s i ndi vi dual at a 
mi nimum of 61 months. 

(c) A further nine individuals were netted and estimated by tooth height 
and birth pulse to be older than 60 months. 

From these animals it is difficult to obtain a satisfactory maximum 
ecological longevity value, but if the oldest animal, (as estimated 
by tooth he; ght) wa.s correctly aged, an ecol ogi cill longevity of ni ne 
years can be suggested. 

3.4 DISCUSSION 
( 

3.4.1 Age detennin ation techniques 

Taking into account the necessity of having a known age series regardless 
of the method to be used, undoubtedly the most sati sfactory methods of age 
assessment are those \<Jhich detetmoin e absolute age in units of time for 
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both young and old. The main technique ,,;hich provider. this~ -involves the 
co u n tin 9 0 fin c rem e r. tal 1 i n e sin h a I" d s t r u c t u res wit h i nth e body, 
reflecting growth discontinuities. Ph ill ips , Steinberg & Kunz (1 982 ) 
exam i ned secondary denti ne and cementum hi stol ogi call y in seven speci es of 
ins ect i vorous bats and critically eva l uate d t he usefu l ness of an nular 
1 ayers as an age determ i nat'j on techni que for Chi r optera, They found t hat 
t he l ayers \vere highly variable betv/een and withi n in div i dual s ill though a 
loose corre l at i on existed between the numbe rs of layers and age . A 
c r i t i ca l exam; nati on of the 1 i "eraturE! on i ncrementa l 1 i nes, r eve al ed 
several possib le solut io ns for th i s var i abi lity and fo r incons i s t encies 
betv-leen the i r fi ndi ngs and t he apparent sat ; sfac t ory f i ndi ngs of prev i ous 
aut ho rs (Chri st i an, 1956 ; Lin hart, 1973; Lord et al., 1976). K1 evez al & 
Kleinenb erg (1969) had warned aga inst the use of tooth sect ions in which 
the depos i ti on of dent ine \lIa s di rec tly i nf l ue nced by intensive me chanical 
load, a wa rning un hee ded by Linh art (1 973), Lord et al. (1 976) and 
Schowa lter et al__ (1978). Mo r r; sal so noted th at reso rpti on, hy pe rtrophy, 
pathology and the subjectiv e nature of t he analysis all can affect the 
accuracy and preci s'j on of age det ermi nat i on. Phill i ps et a 1_. (1 982) added 
to thi s 1 i st sel ecti on of t eet h, 1 ocat 'j on, angl e of secti 011, the qual i ty 
of optical equipment and the experienc e of the individu al in dental 
histology. 

The technique has many innate problems and because of the difficulty 
experienced in identifying and accurately counting the lines in the 
dentine of decalcified and stained sections of upper canines from 
E. wahlbergi, the method was regrettably rejected as being unsuitable 
for the species under study. Similarly Phillips et al. (1982) concluded 
that though data from histologic al analysis of teeth may yet prove useful 
in age estimati on in some mammal s, the techni que appears unsu 'j tabl e for 
Microchiropteran bats. 

Failing methods of absolute age determination, relative age determination 
techniqu es must be resorted to. As 85 % of the growth/reproductive data 
used in this proj ect were obtained from living specimens, the emphasis was 
placed on techniques applic able to live animals and those easily and 
qui"ckly accomplished in field situations at night. 

Linear body measure ments were an obvious choice, althou gh as noted by 
Baag0e (1977a), growth of wing elements (forearm length), ceases 
completely, early in life. For this reason cranial measurem ents were also . 
chosen, skull growth continuing after forearm growth has reached the 
asymptote. 

Relative age determin ation t echniques as with absolute age det erm ination 
methods, require ch ecking again st kno wn age material for accuracy. In 
this study, as i n many others J an attem pt was made to con f irm linear 
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growth meas urements of wild specimens wi th those born and mainta i ned i n 
capt i vity. Morr i s (1972 ) cauti oned, 'Such i1 practi ce , f ar from servi ng t o 
validate an age determination method may cast doubts upon 'it. Capt iv e 
animals are in every "lay at the mercy of thei r capt ors ; good feedi ng and 
l ack of s tress may ca use precocious de vel opme nt, l ack of ex ercis e or 
poor denn i ng fa cil it i es may resu l t i n obesity or ch ron i c r etardat io n' . 
Comparative growth curves i n f act showed si gnif ic ant di ffere nces betwee n 
cage born and wi l d bat growth. The on ly alternative i s the mark/ recapture 
technique, a method \'i ide l y used i n t his proje ct. The val id i t y of th i s 
hov/e ver , presupposes that t he meth ods chosen t o mark do not in any 'rlay 
affe ct the li fe styl e of t he rel eased bat. 

Too t h wear as sessed by measureme nt of tooth he igh t ab ove th e gu m was 
chosen becaus e it coul d easily be car r i ed out on bats captu r ed live, 
marked and iater pos s ibly recap tured, so givi ng an ind i cation of rate of 
we ar bet ween captures . Ho wev er a dr awback to the use of tooth he; ght 
measured in li ve ani ma l s i s th at t he poss ibility of gum reces sion cannot 
be t aken in to account. This would lead to older animals being pl aced in a 
younger age ca t egory. 

As pointe d out by Morris (1972), a second pr oblem associated vdth this 
method is t hat too t h wear will vary v/ith the nature of the diet. Thus an 
age determination technique based on this criteria and developed for a 
population in one r egion may be invalid for anot~er population \'/llere the 
diet differs considerably in its abrasive properties. Before using an age 
determination technique based on tooth we ar for a geographically separate 
population, the tooth wear rate should be determined by the mark/recapture 
method (3.2.2.2 (b) (ii)) and compared with that in the method to be used. 

The main advantage of tooth wear as a technique, is that it covets all 
ages, once a full permanent dentition has formed. HO I-lever, the problems 
of gum recessi on, seasonal di etary vari ati ons, i naccuraci es in measu rement 
and individual variations in tooth abrasion resistance are likely to 
result in errors which reduce both the accuracy and reliability of the 
method. 

For the fi rst four months of 1 i fe, tooth erupti on sequence can be llsed to 
determine th e age of E. wahlb~. The main disadvantage of this 
technique, which is simple, rapid and accurate with few serious drawbacks 
(Morris, 1972), is t.hat it cannot be us ed once a full dentition is 
present. A common cO lilpromi se and one used here, is to use tooth 
replacement as an age guide in the younger more numerous age groups, then 
change over to tooth wear as a guide to older individuals where the tooth 
series is complete . 

In the ,follow i ng ch apte rs of this studys animals providing reproductive 
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data were age assessed by use of TABLES 5 and 6 and the birth pulse method 
described in 3.3.5. TI11 s ploy 'vas recommended by Morri s (1972) as a means 
of limiting the possibl e range and so improving th e usefulness and 
accuracy of the age determi nat i on method. vlhen a s; ng1 e val ue for age was 
required the median value was t aken. For example, age estimate = 13,0 to 
15,0 months old, value used = 14,0 months. Di fficu l ties in the use of 
TAI3LES 5 and 6 occasionally arise v/he n the P3 and upper C tooth 
measurem ents for the same bat in dicate two different age categori es. In 
such a case the age group falling between the t wo is chosen. 

Relative means of age determination, by virtue of the variability that 
ex ists betwee n and within all populations, can at best only produce a good 
estimate of age, sufficient in most cases for the intended application of 
t he resu1 ts. 

3.4 .2 Stevens asymptotic regression 

Al though not derived from a physiological process, 1 ike the Von 
Bertal anffy equa tion} Steven s asymptotic regression has th ree pa rameters 
of biological si gnificance , CI. being the asymp tote of gro\'~ th, B the total 
growth achieved and p is invers ely proportional to the rate of growth. ' 
When p = 0 growth woul d be represented by a verti calli ne and v/hen P = 1 
there would be no growth, represented by a ho r i zontal line. , 

The parameter p provides a useful means of easily compar ing growth rates 
of one species with another or different populations of the same species. 
In wildlife management research p values could provide a simply applied 
mathematic al tool for estimating the success of a populat-ion in a 
particular habitat, since gro wth rates reflect pasture utilization, 
competition, predator pressures, prey availability, dise ase, parasitic 
load and watet ava i1 abil i ty. 

The function has been used satisfactorily by Stebbings (pers. cornm.) to 
describe Microchiropteta n growth and by Fourie (pers. comm.) for growth in 
the rock hyrax Procavi a capensis. It fitted all sets of ~. \.,rahlbergl 
growth data very closely despite variations in curve flexure needed to 
describe growth and growth rate decline in the three functions of fore arm 
length, eye-nose distance and zygomatic width. It is a simple easily 
appl i ed formul a, and al though it does not attempt to describe metabol ism, 
it is versatile (se e APPENDIX II) and has proved totally appropriate to 
the data in this research. 

3.4.3 Age structure of the population 

The age structure of the netted sample of the population (assuming that 
mist-netting is a non ·· age sel ective means of catching volant members) 
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provides an indication of the re productive problems facing the population. 
The greatest percentage losses recorded in FIGURE 35, occur between the 5-
10 and 10-15 month age groups for both sexes. It is at these ages that 
you ng females become pregnant and give birth for the -~ifst t.ime. Female 
lo sses in tllis category ( 5~- 10 months ) therefore not only represent los ses 
in breeding indivi dua ls, but a-Iso fetal deat hs and a greater' potential 
loss to the population than is at fir st apparent. This loss is seen in 
bo t h 1 9 7 9 and 19 8 a sam p 1 e f -j 9 u res, s u 9 9 es t i n 9 t hat i tis u sua 1 and 
countered by the normal breed-; ng strategy of the species. 

3.4.4 Longevi ty 

Two types of longevity are referr-ed to in discussions on life span, 
max i mum phys -1 0109 i cal 1 ongevi ty and maxi mum eco1 ogi cal 1 ongevi ty. Maxi mum 
physiological longevity is the r,lax itnum possible age an animal could attain 
(Grimsdell, 1973) assuming environmental factors such as predation, 
starvation or di sease do not prem aturely terminate life. Such an absolute 
age maximum would be most likely to occur in captivi ty . Spinage (1.97 3) 
di scussed the cri ti ci sm t.hat 1 i fe span records from captive animal s are 
not relevant to the wild situation. He remarked that captivity cannot 
prolong life beyond its physiological maximum and this maxi mum could be 
reached in the wild, particularly by herbivores. Carnivores however would 
be unlikely to attain their physiological maximum since they cannot 
conti nue to catcll prey when senescent dec1 i ne sets in. 

Maximum or potential ecological longevity is the mean maximum age attained 
by animals in the wild affected by environmental factot's of predation, 
starvation, disease and accident (Krebs, 1972). This value \vould vary 
within a species, between one popul ation and another depending upon 
predation pressures, presence and extent of diseases and food 
availability. 

In the African context the difference between these t vlO types of longevity 
has bee n e x ami ned for the b u f fa 1 0 (S y n c e r us _c a f f e.!:. ) by G r i III S dell (1973) 
and for the lion (Panthera leo) by Smuts, Anderson & Austin (1978). 
Grimsdell (1973) reported that the 01 de st estimated hlil d buffalo was 22 
years, while the oldest captive buffalo died in a zoo at 2G years. The 
oldest \vild lion, as reported by Schaller (1972) is believed to have been 
20 to 22 years old and in comparison the oldest recorded captive lion 
(Flower, 1931) died at 29 years of age. 

Cockrum (1956), in a bat longevity review, reported that three \~ethods had 
been used to determi ne 1 i fe span in the Chi roptera; 1 ength of 1 i fe in 
captive individu als, life expectancy as determ -l n_ed by mortality or 
survival tabl es and recovery of mark ed individual s. He extensively 
rev; ews the records of cll i rop tera obtai ned by these methods and from them 
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it would appear that wild Microchiropterans may obtai n a maximum 
ecolo gi cal longevity vary ing fro m 5,0 to 14,5 years according to th e 
speci es . 

Cap tive Mi cro chiropteran reco rds shoVi a max imu m of 24 years for 
M y Q.!i~_l.!:££il.!:£.[.!:£~ ( G r iff i n & Hi t c h c 0 c k, 1 9 6 5 ) and 
Rlli nol ophus ferrumequi num (H oope r & Ho oper , 19 ( 7). 

Records fro m wild Meg ach iroptera are una va ilable, but maximum ages 
attained by captive fruit bats (representing maximum phys i ol og ical 
1 ongev i ty ) are Ei dol on hel vum - 21 years 10 months (Jone s, 1972) , 
Rousettus aegyptiacus - 19 ye ars 9 months (Flo\ver , 1931) and 
Pteropus giganteus - 17 years 1 month (Flower , 193 1). From these values 
it may be th at the estimate of nine years for maxim um ecologica.l lo ngevity 
in E. wahlberg; could be an underestimate, si nce maximum physiologi cal and 
ecological longev ity are similar in non predatory mammals. 

3.5 SUMMA RY 

Age determination and growth analysis are important supportive studies to 
the investigation of the reproductive biology of a species. 

A compl ex method, fully described in APPENDIX I was employed to assess 
initially the age of bats which were used in the development of age 
determi nat; on techni quest In these techni ques three cri teri a were used, 
linear growth measurements to obtain the age of ani ma ls prior to the 
attainment of the growth asymptote, tooth eruption to determine the age of 
animals prior to the attainment of a full permanent dentition and tooth 
wear in combination with birth pulse timing, to obtain the age of animals 
after the growth asymptote and full permanent dentition had been reached. 

Steve ns asymptoti c growth curves, performed on forearm · l ength, eye-nose 
distance and zygomatic width data, linear regressions on tooth height data 
and selected features of tooth eruption provided the basis for age 
predictions. 

The forearm 1 ength gro\I/th asymptote \r/as reached at 11,0 months ; n mal es 
and 8,5 months in females. Examination of the population age structure 
revealed that the greatest percentage losses occur between 5-10 and 10-15 
month age groups fOl' both sexes. Ni ne years is suggested as the maxi mum 
ecological longevity for the species. 

Bat longevity and age determination techniques with particular reference 
to those us ed for Chirop tera are revi ewed and the implications of the age 
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structure of the population are discuss ed. 
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CHAPTER FOUR 

REPRODUCTION IN THE MALE EPO~lOPHORUS HAHLBERGI 

4.1 INTRODUCTION 

Seasonali ty in sexual activity, regard'less of climate and l atitude, has 
been demonstrated i n many Chi ropteran sped es (Anci aux de Faveaux, 1978a ; 
Bak er & l3aker, 1936; Gopal akri shna & Choudhari, 1977; f\1a rshall, 1946; 
Mutere, 1967; 1973a; 1973b; Oki a, 1974a; 1974b). Al though seasonal'j ty 
in births ;s ev idence of seasonal reproduc t i ve patterns in females, it may ' 
or may no t be re flected in males. 

Three di ffer ent mal e reproductive patterns occ ur in seasonally breedi ng 
p 

Chiroptera. 

(a) Fu11 male reproductive seasonality \'Jith a period of spermatogenic 
cessation. Thi s pattern has been \'Jidely recorded and di scussed in 
hibernating Microchiroptera of temperate latitudes (Courrier, 1927; 
Gustafson, 1975; 1979; Herl ant, 1967; Oh, 1977; Pearson, Kofo rd & 
Pearson, 1952; Phillips, 1966; Racey, 1973; 1974a; 1974b; 1979; 
Ri ce, 1957; Stebbi ngs, 1966; Wimsatt, 1960a; 1969) and ,; n non
h i b ern a tin 9 ~1 i c roc h i r 0 pte r a 0 f t r 0 p; calla t; t ud e s ( Bra d s haw, 1961; 
1962; Gopal akri shna, 1949; Krutzsch, Watson & Lox, 1976; Krutzsch, 
1979; Menzies,1973; Mutere,1973a; Ramakrishna,1951; Ramaswamy, 
1961 ). 

(b) Spermatogenic activity continuous, but seasonally variable in 
intensity, coincident with fluctuations in testis and epididymal 
mass. Several tropical Megachiropteran species ~eropus geddiei 
(Baker & Baker, 1936), Pteropus g; ganteus (Marshall, 1946), 
Rousettus aegypti acus (Mutere, 1968), Eidolon helvum (Mutere, 1967) 
and Pte r,o pus pol; 0 c e p hal us ( N e 1 son, 1 965 a ) and a t r 0 pic a 1 
Microchiropteran species, Artibeus jamaicens;s (Tamsitt & r'1ejia, 
1962; Tamsitt & Val divieso, 1963; 1965a) exhibit thi s type of 
activity. Although no comment is made on spennatogenic activity, a 
similar seasonal variability in testis mass. has been recorded for 
~mops frangueti (Ok; a, 1974a) and Epomophorus anurus (Oki a, 1974b). 

(c) Spermatogenic activity continuous with no seasonal variations in 
intensity or testi s mass. Th; s pattern is most common in aseasonal 
breeders, but Tadarida condylura is a tropical example of a seasonal 
breeder \'Ii th unchang ed test1 s mass throughout the year (Mutere, 
1973b). 
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The main aim of this chapter is to describe the basic anatomy of the 
male reproductive tract in E. w,ahlbergi_ and to exal.line the ma l e 
r eproduct i ve pattern for seasonal ity , and if present, to determ'ine 
the extent of its i nfluence and late r re l ate it t o the seasonal 
pattern of births and the femal e teptoductive eyc'l e. 

I nformat ; on on the breedi ng b'j 01 09Y of Megachi ropterans reveal s th at 
of the speC'i es studi (~d, mal es usually reach maturi ty i n t hei r second 
year. Br adbury (1 977) note d that sexual matur 'jty , as i nd i cated by 
t esticul ar act i vity and muzzl e enl argement i n Hypsignathus monst ro sus 
occurred at 12 to 18 months of age. Gopal akrish na & Cho udhari (1 977 ) 
fou nd t ha t the ea rli est age at i<lh i ch s[)ermatoge nesi s t ook pl ace V/a.S 

14 month s in Rousettu s 1 eschenaul ti and th at many mal e5 ma t ed for th e 
fi rst ti me onl y at 15 to 20 mo nths . Si mil ar l y, ~1u t e re (1968) 
su ggested that ma le Rouse~tu s aegypt 'i acus v/oul d mate for the first 
time at 12 to 19 mo nths old . 

A further ai m of this ch apter is to determine i f a simil ar pattern of 
seco nd yea t sexual maturi ty attai nme nt a1 so occurs in E "'/a hl bergi and 
in the following chapter 'examine its significance in relation to the 
age at which sexual ma t ur ity is reached in the female. 

4.2 MATERIALS AND METHODS 

4.2.1 Reproductive tissues 

Ei ghty one mal es \'1ere sampl ed for hi stol og; cal preparati on of testes and 
epididymides between February 1979 and February 1982. From subsequent 
hi stol ogi cal exami nati on 47 were adul ts character i'z ed by the presence of 
spermatozoa in the epididymis cauda. The youngest 1'n the adult group was 
estimated to be 13 months and the oldest 46 months. , Thirty foul~ m~les 
were juveniles and subadults showing no indication of spermatogenic 
activity and ranging in age from 0,75 to 16 months old. 

Mass, forearm 1 en gth, eye-nose di stance, zygomati c \'Ii dth, P 3 and upper C 
tooth heights were measured in each male sampled and the presence of 
epaule ttes and position of testes noted. Specimens were age estimated by 
the method described in 3.4.1 (penultimate paragraph) and the median value 
of a range of valu es taken to give a single age value. 

Both testes were removed from each specimen by severing the spermatic cord 
level with the epididymis caput and the vas deferens at its point of 
emergence from the epididymis cauda. Mass of each t estis with and vlithou t 
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the epididynlis was measured to the nearest 0,01 9 using an electronic 
b a 1 an c e. The m a x i mum 1 eng t han d wid tho f the t est i 5 vJi tho u t the 
epididymis was measured to the nearest 0,05 mOl using a calliper vern'ier. 

Af te r r emo val the epididymis was cut into three sections (F IGURE 36 ), 
roughly corre spond ing to the epididymis caput , corpus and cauda. 

Testes and epididymal portions were fixed in 10 % formal saline for a 
minimum of 48 hours then routinely embedded in paraffin wax (APPENDIX IV ). 
The blocked tissues, which were orientated for transverse sectioning, were 
rou gh ly sectioned until the bro adest port ion was exposed. Ten sections at 
5 \.lm were mounted, the next ten di scarded and the fall o~"i n9 ten mounted. 
Th e sections were stained with haematoxyl in and eosin (APPEIWIX V). 

The testes were mi croscopi cally exami ned f or the presence or absence of 
spermatogenesis, and the mean seminiferous tubule diameters obtained using 
a mi crometer eyepi ece. The three epi di dymal regions were 2xami ned, (1) 

fOt' the pr esence of spermatozoa in the ducts, (2) to obtain the mean 
ma ximum and minimum width of the ducts by measuring across the lumen 
(including the single cell thick epithelial layer) the width being' 
calculated from all ducts present in one histological thin section and (3) 
to obtain the mean height of the ducal epithelial layer from 30 
measurements. In addition, the cellular contents of the epididymis cauda 
ducal lumin a were id entified and counted by using 16 squares (4 x 4, 
1183,36 ~m2) of a grid squares eyepi ece fitted into a x 10 ocular lens and 
examined through a xlOO oil immersion objective lens. TI12 numbers of 
each cell type were cal cu' ated as a percentage of the total numbers of 
cells present. A mean value of the two testes was used for length, width, 
seminiferous tubule di ameter, epididymal ducal diameter, epididymal ducal 
e p 'j the 1 i a 1 h e i 9 h tan d e p i did y mal 1 u men cell u 1 a j' com p 0 sit ion ~ but a 
combined vallie was used for testis and epididymis mass. 

4.2.2 Body mass measureme nts 

In order to examine seasonal fluctuations in body mass as part of the male 
seasonality investigations, 196 \'Iild adult males (bearing epaulettes) 
netted bet\'lee n July 1977 and Febru ary 1982, were used to provide the 
measurements. 

4.2.3 Sperm smears 

Sperm smears were used to examine, measure and photograph the external 
appearance of i ndi vi dual sperma tezOil. Smea rs were taken by dabbi ng the 
cut surface of the epididymis cauda onto a glass slide, fixing with 100 % 
meth anol and staining with periodic acid-Schiff (PAS). 
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FIGURE 36 Testis and epididymis of ~. wahlbergi 
The dashed line shows where the epididymis 
was cut into th ree sections corresponding to 
the epididymis caput, corpus and cauda 
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4. 2.4 Bl ood testosterone 

Seventy tvlO bl ood samples of 0,5 ml were taken from mal es by puncture of 
the left cepha l ic vein in the propatagium and col l ec tion of the bl ood 
drop l ets in a pl astic syringe. The sampl es were taken over the period May 
1980 to February 1982 , representi ng a minimum of t hree and a maximum of 
ei gh t samples for each mo nth of the year. Thirty seven samples were t aken 
f rom the adult mal es kill ed for hi stol ogi cal exam; nati on of reproducti ve 
ti ssues. Thi rty fi ve sampl es viere co 11 ected at fortni ght1 y i nterval s f rom 
a sexuall y ac tiv e, calli ng caged ma l e. Each samp l e was pl aced in a 
heparinized t ube, centrifuged, and a min imum of 0,1 ml of pl asma obtained. 
I.e of sad; urn ni t ri te was added and th e sam pl es fro zen at _15 0 C unti 1 
radi oi mmunoassay of tes tosterone caul d be ca i~ r; ed out by t he method of Dr. 
R.P. Mill ar,{p e rs. co mrn .) . 

4.2.5 Ep aulettes 

The epaul ettes f rom 56 male s (46 adult males and 10 subadults) killed for 
hi stol 09Y, we re ex am-j ned by cutti ng out t he loose ski n for m; ng the pouch 
pn the righ t shoulder. The skin patch was stretched widt hways and 
1 ength ways by pi nni ng out and t he maxi mum di ameter of the epaul ette regi on 
from where t he whi t e hairs grow, was measured. Ten of the white epaulette 
hairs, extracted from the 'point of crown l within the pouch, were measured 
and their mean length recorded. 

Epaul ette appearance and hai r 1 ength was al so exami ned fortni ghtly from 
r1ay 1980 to February 1982 in the caged breeding male. 

4.2.6 Calling 

Wickler & Seibt (1976) studied male calling of !-. wahlbergi in Kenya for 
two \'Ieeks per year over four years. Al though they caul d not comment on 
seasonal i ty of call i ng, they conel uded f rom soni c co;npos iti 011 and rhythm 
that the functi on of the call was to attract femal es. Studi es by Bradbury 
(1977) showed a breed; n9 season for Hypsi gn athus monstro sus and a 
correlation betwee n calling intensity and period of mating. 

It was therefore decided to examine male calling in the study area for 
seasonality. This Ha s studied in three ways: 

a ) By not i n g th e d ate son VI h -j c h mal e s \., e IA e h ear d cal lin gin the are a 
every night be t\'leen 19hOO and 22hOO, f ro m Janual'y 1979 to December 
1981. 

b) By noting if the caged mal e had called vdthin eac h fortnightly pe r iod 
from May 1980 to Feb rua ry 1982. 

c) By. r ecording fifteen minu te s of caged ma.le call 'ing, approximately 
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once a fortnight between 21hOO and 22hOO when calling occurred. 
during the period t~arch 1981 and February 1982. 

The calls were recorded on a UHER 4000 REPORT IC, from 2,5 m directly 
beneath the caller. Each set of recordings was then played through a 
Bruel & Kjaer Audio Frequency Spectrometer TYPE 2113 and Level Recorder 
TYPE 2305, in order to quanti fy the ampl itude of component ft'cquenci es in 
the call and time lapses between successive calls. Frequencies were 
analysed in jumps of a thii"d of an octave. Thirty successive calls were 
analysed from each recording. 

4.2.7 Caged male 

The caged male (E.T. 419j ,,,,as first captured 11 January 1980 as a subadul t 
male without epaulettes and estimated to be 13 months old. He was 
recaptured and caged 21 April 1980 as an adult bearing epaulettes and 
scrotal testes. From then until 14 February 1982, he was routinely caught 
at hlo to four week interval s, body mass, forearm length, eye-nose 
distance, P3 and upper C tooth height and epaulette hair length measured, 
blood extracted for testostet'one assay and p~sition of testes noted. 

4.3 RESULTS 

4.3.1 Anatomy and histology of male reproductive system 

The anatomical and histological descriptions to follow pertain to sexually 
mature adults, defined as having spermatezoa in the ducts of the 
epididymis cauda. 

4.3.1.1 Gross anatomy 

FIGURE 37 shows the ventral view of the male urinogenital 
system. The right kidney is situated cranially to the left. 
The ureters emerge from the medial ventral surface of the kidney 
adjacent to the prominent adrenal glands. They pass caudally 
and open into the dorsal surface of the bladder at the level of 
the neck. 

The testes have been observed lying both scrotally and 
abdominally in mature males. Each testis is ovoid in shape and 
the epididymis is loosely bound to the tunica albuginea. The 
epididymis caput forms a cone shaped mass embedded in fat at the 
cephalic pole of the testis. The epididymis corpus merges into 
the U-shaped epididymis cauda. The epididymis corpus, cauda and 
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FIGURE 37 Ventral view of the urinogenital system of 
E. wahl bergi 
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epididymal end of the vas deferens are encased in ad i pose 
t issue, bi nding them loosel y to the me dial margin of the test i s 
(FIGURE 36) . TAB LE 7 presents mea n gross tes ti cu1 ar and 
e p i d i dy mal mea s u rem e n t s . The va sad e fer en t i a pas s ve n t r all y 
over the ureters to entel' the bl adder cran i ally t o t hem . 

The pe ni s i s of the vascula r ty pe where erect i on is produ ce d 
primar ily by vascul ar engorgement of t he cavernou s ti ssue. No 
baCUl um 'is pteS2nt. Two \lJe ll dev eloped i sch i a cavern osus 
muse l E:S attach the ventre l su r face of the pen ; s to the pel vi c 
gi rdl c. Dorsall y t he bul bo cavernosus muse l e l i es bet\lJee n th e 
peni s and t he rect uill . 

A small pai T of Cowpe r 's gl ands ad se on the 1 at eral regi on of 
the peni s, clo se to the pr os t ate gl ands. The pros tate gl and is 
situated on th e dor sal surface of the penis and bl adder, 
ob scuring th e points of junction of the ureters and vasa 
deferentia with the bladder. A pair of horn shaped seminal 
vesicles emerge on either side of the prostate gland. 

4.3.1.2 Histology of the testis 

The testis of a sexually mature male, showing spermatazoa in the 
seminiferous tubules is illustrated in PLATE 9. The mean 
seminiferous tubule di ameter recorded for adult males was 
183,45 ~ m ( S. E. M. = 2,95, ran 9 e = 145,90 - 229,40 pm, n = 47). 

4.3.1.3 Histology of the epididymis caput, corpus and cauda 

Transverse secti ons through the three regi OriS of the epi di dymi s 
are illus t rated in PLATES 10, 11 and 12. TABLE 8 gives the mean 
maxi mum and minimum width of the ducts, height of the epithelial 
layer and percentage of ducts per animal containing no cellular 
mater; al, in all three epi di dymal reg; ons. The cpi di dymal ducal 
widths are greatest in the cauda and smallest in the corpus. 
The hei ght of the ep; th el i al cell 1 ayer surroundi ng the ducts, 
decreases from caput to cauda, while the percentage of duc t s per 
animal containing no cellular material dec reases from caput to 
cauda. 

4.3.1.4 Cellular conte nts of the epididymis cauda lumen 

Examination of t he cellular contents of th e epididymis cauda 
lumen reveal the consi~tent presence of cells other than mature 
spermatozoa. A'i t hough ab solute confirm at<ion of identification 
ca n only be made by a deta iled el ectron microscopy study, the 



TABLE 7. Gro ss t est icul ar and epidi dymal measureme nts 
fr om ad ult males (singl e not combined) 

n 
x 
± S. E. r~ 
Range 

Testis 

Mass (9) Length (mm) Width (mm) 

47 
0,061 
0,002 

0,035-0,100 

47 
5,60 
0,09 

4,20-7,10 

40 
4,30 
0,08 

3,35-5,10 

Epi d'j dymi s 

Mass (9) 

47 
' 0,033 
0,002 

0,010-0,100 

109 
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Pl.ATE 9 Sen; ni fer ous tubu l e from test is of mature 
rna 1 e (X 250) 

PLATE 10 Epididymis caput ducts from mat~re male 
(X 250) 

PLATE 11 Epididymis corpus ducts from mature male 
(X 250) 





TABLE 8. Epid 'idymis capu t , corpus and cauda me asurements 
from adult mal es 

Epidi dymis capu t 
-------------------------------------------------------------------------

mi nimum ducal 
di ameter ( ~m ) 

maxim um ducal 
di ame te l~ (~m) 

epithel i a1 
height (~m) 

% ducts/animal 
contaiwing no 
cell s 

-------------------- -----------------------------------------------------

n 
x 
± S.E.M. 

Range 

22 
88,86 

2,51 
72,0-114,5 

22 
164,18 

9,65 
112,5-327,0 

22 
21,17 
.1 ,25 

11,75-36,2 

[pi di dymi s corpus 

22 
49,59 

7,10 
0-100 

-------------------------------------------------------------------------

n 
x 
± S.E.M 

Range 

n 
x 
± S.E.M 
Range 

. . 

mi nimum ducal 
di ameter (11m) 

22 
76,95 
1,91 

62,0-92,5 

maximum ducal 
di ameter (~m) 

22 
139,27 

6,71 
89,0-214,0 

epithel i a1 
height (~m) 

22 
14,61 
0,63 

9,7-21,3 

Epididymis cauda 

mi nimum ducal maximum ducal 
diameter (~.lln) diameter (f,lrn) 

23 
124,59 

4,59 
96,0-180,5 

23 
271,91 
15,45 

153,0-447,0 

epi thel i a1 
height (!lin) 

23 
12,51 
0,68 

9,16-20,80 

% ducts/animal 
containing no 
cell s 

22 
22,18 
4,26 

14-100 

% ducts/animal 
containing no 
cells 

23 
10,26 
4,40 

14-100 
-------------------------------------------------------------------------

111 
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cells examined under a light microscope, show th e appearance 
characteristic of spermatocytes / spermatids (PLI\TE 13) and 
multinucleated spermatids (PLATE 14) (B edford, pers. co mm. , 
P i 11 ay, per s. com m. , R ace y, per s. com m ., F a VI c e t t & Bed f or d , 
1979) and for the purposes of this study are referred to as 
such. The perce ntages of the three types of cel l ul ar components 
VJere: spermat67.0a x = 92!51 %, S.E.M = 1,78, range == 37,50 -
100,0 %, n == 47; spermatocytes /sper mat ids x = 7, 46 %, 
S.E.~1 = 1,78, range = 0-62,50 %, n = 47; multinucleated 
s per mat ids x = 0, 0 7 %, S. E. t1 = 0, 0 4 , ran g e = 0 - 1 , 1 %, n = 4 7 . 

4.3.1.5 Spermatozoan measurements 

The spermat~zoa (PLATE 15) of I~wa~l~~.!:.9.i have spa tul ate heads, 
giving the overall impression of sperm with t wo differen t head 
1'1 i d t h s. TA B L E 9 pre sen t s the mea sur e In e n t s 0 f ten s e 1 e c ted 
spermatDzoa from spe1111 smeal's . 

4.3 . 2 Age at puberty and sexual maturity 

Puberty is a complex process of physiological changes occurring over a 
time period. It commences with the rapid duplication of spermatogonia by 
mitosis and terminates with the fo rma tion of maturespermat4zoa (Austin & 
Short, 1972). It is accompanied by rapid gonadial grovJth and the 
development of external secondary sexual characteri sti CSt Sexual maturi ty 
is reached at the end of pubetty \'/h en mature spermate zoa are present in 
the epididymis cauda and the animal is capable of successful 
fertilization. Quantification in terms of age at which this process 
s tar t san d t e r min ate sis d iff i c u 1 t to a chi eve . i n vi e \1/ 0 f the d iff ere n t 
starting and finishing points of its component parts and variations within 
individuals. 

This study therefore aims to investigate three aspects of puberty; (a) 
spermato genesi s, (b) gonadial groll/th, and (c) development of secondary 
sexual ch aracteristics, in terms of the range of ages ovet which they take 
place. 

(a) Sperma t ogenesis 

FIGURE 38 shows the percentage and range of percentages of 
spermatocytes/spermatids (1) and spermotazoa (2) in tile epi didymi s 
cauda lumen plotted against age. The greatest range for both cell 
categot'ies, the highest percentage of spermatocytes/spermatids and 
the lO\'1est percentage of spermatozoa occurs from 13 to 16 months 
inclusive. This period of enormous ranges, high 
spermatocyte/spermatid percentages (26 - 65 %) accompanied by 10'11 
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PLATE 12 Epididymis cauda ducts from mature male 
(X 300) 

PLATE 13 Lumen of epididymis cauda duct from mature 

PLATE 14 

ma 1 e shol'li ng spe nnatocytes/ spe nnat ids 
(arro~"ed - a), multinucleated spennatid 
(arrov/ed- b) and spennatoloa (arrowed - c) 
(X 1000) 

Multinicleated spennatid 
(X 2000) 
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13 

14 
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. PLATE 15 Spermatozoa shm·Ji ng acrosome, arro\-'led in (a) 
(X 3000) and midpiece arrowed in (b) (X 2000) 



( a) 
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TABLE 9. SpermatDzoan measurements (based on ten spennatazoa) 

x (\lID) S.E.M. 

Total 1 ength 21,67 0,24 
Head length 3,40 0,09 
Midpiece length 2,55 0,06 
Tail piece 17,00 0,21 
Maximum head width 2,55 0,14 
Mi nimum head \."i dth 1,27 0,04 
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FIGURE 38 Number of spennatocytes/spernlatids (1) and 
spermatozoa (2), expressed as a percentage of 
the total number of cells in the epididymis 
cauda lumen (n = 55) 

(Vertical line - range, crossbar - mean) 
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spermatazoan percentages (9 - 73 %) not only reflects the presence of 
the youngest mal es wi th spermatozoa (13 months 01 d) and the 01 dest 
males without spermatozoa (16 months old), but also i ndi viduals with 
low percentages of spermatozoa accompani ed by hi gh percentages of 
spermatocytes/spermatids. From 17 months, all adults show 
spermat~zoa percentages greater than 80 % and spermatocytes/spermatid 
percentages less t han 20 %. 

It woul d appear therefore that 'spermatogen i c puberty' inmost mal es 
takes place during this peri od of cellular change from 13 to 16 
months and that sexua l maturity, a~ determi.ned by the presence of 
spermatozoa in the epididymis cauda, is attained at the earl iest at 
13 months and the latest at 17 months. 

(b) Gonad; al grm'lth 

F;ve aspects of gonadial growth, namely gro \,/t h in testis mass 
(including epididymides), in length, in width, in seminiferous tubule 
diameter and in minimum and maximum d-iameter of the epididymis cauda 
ducts are illustrated ill FIGURES 39, 40, 41, 42 and 43. In order' to 
determine quantitatively the range of ages over which gonadial growth 
in these five parameters occurs, an asymptotic val ue was assigned to 
each parameter, by calculating the mean size of that parameter from 
all animals of 17 months and older (the latest age at Vlhich sexual 
maturity was attained). Growth was then considered as taking place 
from the age at wh i ch a size increase of 7 % of the aSYlnptotic value, 
or more, occurred, up to the age at which the asymptote \'/as reached. 
The asymptotic val ues, and age and si ze at start of gonadi al growth 
are presented in TABLE 10. 

'Gonadial growth puberty' therefore commences at eight months for 
testis mass, length, width 'and epididymis cauda ducal diameter and at 
11 months for semi niferous tubul e df ameter and conti nues until the 
growth asymptotes are reached. 

(c) Development of secondary sexual character; sties 

The secondary sexual character; sti cs whi ch were exami ned were 
epaulette development _and the males' ability to call. 

Epaulette development 

The youngest males found to have epaulettes containing white hairs, 
were 13 months 01 d, and as FIGURE 44 shows, epaul ette presence in 
these animals was not always coincident \'lith spermatazoan presence in 
the epididymis cauda. This implies that epaulettcs first appeal'" 
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FIGURE 39 Growth in combined testis mass (including 
epididymides) with age (n = 81) 

(Vertical line - range·; crossbar - mean, 
broad portion of vertical line - S.E.M.) 
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FIGURE 40 Grovlth in testis length Vlith age (n = 81) 

(Vertical line - range, crossbar - mean, 
broad portion of vertical line - S.E-M.) 
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FIGURE 41 GrO\'lth in testis width with age (n = 66) 

(Vertical li ne - range, crossbar - mean, 
broad portion of vertical line - S.E.M.) 
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FIGURE 42 Gro~lth in semi niferous tubul e di ameter \~i th 
age (n = 81) 

(Vertical line - range, crossbar - mean, 
broad portion vertical line - S.E.M.) 
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FIGURE 43 Gro\'lth in minimum and maximum epididymis 
cauda ducal diameters with age (n = 42) 

(dashed vertical line - range of Illi nimum 
di ameter, crossbar -. mean of mi nimurn 
diameter, solid vertical line - range of 
maximum diameter, crossbar - mean of maximum 
di ameter) 
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TABLE 10. Gonadial growth - asympto t ic values and age and size 
at start of growth 

Asynp:ote 
± S.E.M. 
Age at start 
of growth 
(months) 
x size at 
start of 
growth 

combined 
testis 
mass 
(including 
epids.) 

(g) 

0,186 
0,007 

8,0 
0,057 

testis 
length 

(mm) 

5,60 
0,088 

8,0 
2,28 

testis 
width 

(mm) 

4,35 
0,079 

8,0 
1,12 

semii1iferous 
tubul e di am. 
diameter 

182,66 
3,38 

11 ,0 
95,40 

epididymis 
cauda ducal 
diameter 

(lJm) 

mi n. max. 

123,55 270,31 
4,61 5,83 

8,0 8,0 
57,5 124,75 

---------------------------------------------------------------------------
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FIGURE 44 Epaulette hair length with age 

ft mal es with spe rmatozoa in the epi d i dymi s 
cauda (n = 46) 

males without 
epid iymi s cauda 

spermat ozoa 
(n = 1O) 

in the 
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before the attai nment of sexual maturi ty and therefore may be 
regarded as representing another physiological change which forms 
part of the pubertal phase. 

Call i ng 

The initiation of calling was observed in a caged male whose age was 
calculated from an earlier recapture. In this single case, calling 
commenced at 20 months whi ch woul d suggest that thi s abi 1 i ty may not 
be i niti ated until after the attai nment of sexual maturi ty. 

In summary, the sequence and timing of physiological changes 
associated with puberty in male E. wahlbergi are: 

(1) At eight months - growth in testis size (including epididymides) 
and e p i d i dy m i s c au dad u cal d i am e t e r com men c e. T his a 1 s 0 

represents the age of puberty onset. 

(2) At 11 months - growth ;n seminiferous tubule diameter commences. 

(3) At 13 months - epau1ettes containing long white hairs first 
develop. 

(4) 13 - 17 months - during this time period the young males in the 
population first undergo spermatogenesis, exhibit spermatGzoa in 
the epididymis cauda and therefore become sexually mature. 

(5) At 20 months - the possible initiation of male calling. 

4.3.3 Age at first mating 

This may occur later than the age of sexual maturity attainment. The main 
mating season occurs from Hay to July. A male born in November to January 
will attain sexual maturity at the earliest (13 months old) in December to 
February, and thus c.oul d be 16 to 18 months 01 d before fi rst copul ati on . . 

4.3.4 Body mass in relation to puberty and sexual maturity 

It is well known that puberty and sexual maturity are more closely related 
to body mass than to age (Barnett & Coleman, 1959; Crichton, Aitken & 
Boyne, 1959; Dickerson, Gresham & McCance, 1964; Frisch, 1974; Joubert, 
1963; Kennedy, 1969; Kennedy & Mitra, 1963; McCance, 1962; Monteiro & 
Fal coner, 1966; Wi ddowson & McCance, 1960; Wi ddowson, Mavor & McCance, 
1964) • 

In order to test this for Eo wahlbergi, combined testis mass (including 
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epididymides) and seminiferous tubul e di ameter wel'''e plotted against body 
mass (FIGURES 45 & 46). A feverse 'L' shaped distribution of points 
resul ted, i ndi cat; ng two di st; net growth patterns; (a) the 'hor; zontal 
bar' of the reverse 'L' - greatly i ncreasi n9 body mass \-Ii th 1 i ttl e to no 
increase in test; s mass/semi ni ferous tubul e di ameter, and (b) the 
'vertical bar' of the reverse 'L' - greatly increasing testis 
mass/semi niferous tubul e eli ameter \'lith 1 i ttl e increase in body mass. 

Is the criteri on for the transiti on from type (a) growth to type (b), the 
attainment of sexual maturity or the onset of one of the physiological 
changes associ ated \vi th puberty? 

Non-mature maies form part of the 'vertical bar' of the revey'se 'L', so 
sexual maturi ty was di scounted. Puberty \'Jas therefore consi dered. 
Puberty onset in gonadi al growth terms is the commencement of thi s growth. 
In order to set a value for testis mass and seminiferous tubule diameter 
at the onset of 'gonadial growth puberty', the values derived in 4.3.2 (b) 
and presented in TABLE 10 were used. Thus the mean size at the start of 
growth was a combined testis mass (including , epididymides) of 0,057 g and 
a seminiferous tubule diameter of 95,40 ~m. 

All values less than these were designated as representing prepubertal 
mal es and val ues at, or greater than these as representi ng pubertal or 
sexually mature mal es. These val ues were chosen because they represent 
not only the start of gonadial growth but also the onset of the earliest 
of the physiological changes associated with puberty, examined in this 
study. 

An almost horizontal line fitted the prepubert~l males (FIGURE 45 (1) and 
46 (1)) and an almost vertical line fitted the pubertal and sexually 
mature animals (FIGURE 45 (2) and 46 (2)). The intersection of these t\o/O 

lines gives a calculated value for testis mass, seminiferous tubule 
di ameter and body mass at the onset of the complex seri es of pubertal 
changes. From FIGURE 45 the point of intersection is at a combined testis 
mass (i ncl udi 1'19 epi di dym; des) of 0,041 9 and a body mass of 97,5 g. From 
FIGURE 46, the intersection is at a tubule diameter of 73,0 ~m, and a body 
mass of 100 g. 

The horizontal and vertical tendency of the fitted lines indicates a poor 
correlation between body mass and testis mass/seminiferous tubule 
di ameter. Body mass ; s not proporti onal to these eriteri a, but the onset 
of puberty coincides with a rapid deceleration in body mass grm"th and a 
sudden acceleration in testis mass and seminiferous tubule diameter 
growth. There;s a lack of definition of critical body mass at which 
sexual maturi ty occurs, the range be; ng 100 to 120 g. 
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FIGURE 45 Relationship between testis mass and body 
mass 

• 

*" 

mal es 
cauda 

with spenllatoloa in the epididymis 
(n = 47) 

males \~ithout 

epididymis cauda 
spennatcloa 
(n = 34) 

in the 

Dashed line separates prepubertal males from 
pubertal and sexually mature males at 0,057 9 
testis mass 

(1) Linear regression for prepubertal males 
n = 17: 

y = 0,02 + 0,00021 x; r = 0,37; P> 0,05 

(2) Linear regression for pubertal and 
sexually mature males n = 64: 

x = 92,56 + 117,56 y; r = 0,63; P< 0,001 
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FIGURE 46 Relationship between semini ferous tubule 
diameter and body mass 

• mal es \'Ii til spermat~zoa in the epididymi s 
cauda n = 47 

* males without 
epididymis cauda 

spermatftzoa 
n = 34 

in the 

Dashed 1 i ne separates prepubertal from 
pubertal and sexually mature males at 95,4 ~m 
seminiferous tubule diameter 

(1) Linear regression for prepubertal males 
n = 22: 

y = 64,37 + 0,093 x; r = 0,30; P> 0,05 

(2) Linear regression for pubertal and 
sexually mature males n : 59: 

x = 90,45 + 0,133 y; r = 0,45; P< 0,001 
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4.3.5 Forearm 1 ength in rel ati on to puberty and sexual maturity 

Combined testis mass (including epididymides) and seminiferous tubule 
di ameter were plotted agai nst forearm 1 ength (FIGURE 47 & 48). The same 
reverse ILl shaped pattern as described for body mass (4.3.4) emerged. 

The poi n t 0 fin t e r sec t ion 0 f the hi 0 s t r a i g 11 t 1 i ne s g; ve sac a 1 c u 1 ate d 
value for testis/seminiferous tubule diameter and forearm length at 
commencement of puberty. From FIGURE 47, the poi nt of i ntersecti on is at 
a combined testis mass (including epididymides) of 0,039 9 and a forearm 
length of 83,5 mm. From FIGURE 48, the intersection is at a tubule 
di ameter of 72,0 mm and a forearm 1 ength of 85,5 mm. Forearm 1 ength is 
not proporti onal to test; s mass/semi n; ferous tu})ul e di ameter, but the 
onset of puberty coincides with a sudden deceleration in forearm length 
growth and an acceleration in testis mass/seminiferous tubule growth. As 
wi th body mass, there is alack of defi niti on of cri ti cal forearm 1 ength 
at which sexual maturity occurs, the range being from 81,5 to 88,0 mm. 

4.3.6 Examination of adult sex-related criteria for seasonality 

By examining monthly quantitative changes in sexually mature males (those 
with spermatozoa in the epididymis cauda), six sex-related criteria were 
i nvesti gated for seasonal i ty. Al though in many cases trends were 
indicated (a tendency for increased measurements from autumn through 
wi nter to spri ng and decreased measurements duri ng the summer), no 
statistical significance could be attached to them on a monthly basis. 

FIGURE 49 shows the percentage of conceptions and births per month from 
June 1977 to February 1982. These values were calculated from 214 
pregnant females and infants ~p to three months old and based on the 
method described in 5.2.3. 84 '.t of all conceptions occur in t~ay, June and 
July, with 16 % occurring in August to December. No conceptions were 
recorded from J anua ry to Apri 1. 

It was decided therefore to analyse the variations in male sex-related 
criteria in relation to periods of conception, and on this basis the year 
was divided into two unequal parts, as follows: 

Three months (May to July) representing the main mating season; 

Ni ne months (J anuary to April and August to Decem·ber) representi ng the 
period of no or low intensity mJting. 

The two sets of combi ned measurements for all parameters exami ned, \'Iere 
tested for significant differences. 
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FIGURE 47 Re 1 at; onsh; p betv/een test; s mass and forearm 
length 

~ males with spermatozoa in the epididymis 
cauda n = 47 

* males without 
epididymis cauda 

spermatozoa 
n = 34 

in the 

Dashed line separates prepubertal males from 
pubertal and sexually mature males at 0,057 g 
testis mass 

(1) Linear regression for prepubertal males 
n = 17: 

y = 0,02 + 0,00023 X; r = 0,22 j P> 0,05 

(2) Linear regression for pubertal and 
sexually mature males n = 64: 

X = 82,81 + 16,30 Yj r = 0,36; 0,01< P< 0,001 
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FIGURE 48 Relationship between seminiferous tubule 
di ameter and forearm 1 ength 

o males \'1ith spennatozoa in the epididymis 
cauda n = 47 

* males without 
epididymis cauda 

spermatozoa 
n = 34 

in the 

Dashed line separates prepubertal males from 
puberty and sexually mature males at 74,0 ~ m 
seminiferous tubule diameter 

(1) Linear regression for prepubertal males 
n = 22: 

y = 64,84 + 0,08 x; r = 0,12; P> 0,05 

(2) Linear regression for pubertal and 
sexually mature males n = 59: 

x =85,57 + 0,002 y; r = 0,03; 0,05< P< 0,01 
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FIGURE 49 Percentage of conceptions and births per 
month, over 57 months (n = 214) 

The vertical dashed lines divide the year 
into the period May to July and from January 
to April and August to December. 
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4.3.6 .1 Testis 

The five testicular parameters examined for seasonality were 
combined testis mass (excluding epididymides), testis length, 
testis width, seminiferous tubule diameter and testis position. 
TABLE 11 shO\'1s that there vIas no significant difference in any 
of the parameters beb'leen the tvlO year divisions. 

4.3.6.2 Epididymis 

The nine epididymal parameters examined for seasonal ity were 
combined epididymal mass, epididymis caput minimum and maximum 
ducal diameters, epididymis corpus minimum and maximum ducal 
diameters, epididymis cauda minimum and maximum ducal diameters, 
epididymis caput ducal epithelial height, epididymis corpus 
due ale pit he 1 i a 1 he i g h t, e p i d i dy m i s c a u dad u cal e pit h eli a 1 
height, percentage of spermat"zoa in the epididymis cauda ducal 
1 umen, percentage of spermatocytes/spermati ds in the epi di dymi $ 

cauda ducal lumen. TABLE 12 sho~s that there was no significant 
difference in any of these parameters between the two year 
divisions. 

4.3.6.3 Body mass 

Body mass in 196 wild adult males (with epaulettes) was examined 
for seasonal i ty (FIGURE 50). From May to July the mean body 
mass was 129,62 g ( S.E.M. == 1,62, range = 115,00 - 147,00 g, 
n = 34). From the period January to April and August to 
Dec e m b e r , the mea n body mas s was 124,11 g, ( S. E. M. = 0, 73, 
range = 95,00 - 153,00 g, n :: 162) and this di fference was 
significant (z ::: 3,11; 0,001<P<0,005). 

4.3.6.4 Blood testosterone 

Blood testosterone levels were examined for seasonality in 37 
sexually mature wild males (FIGURE 51) and in one captive male, 
and in the wild males were significantly higher in the period 
Hay to July (x = 4,71 nmll, S.E.M. = 2,071, range = 0,60 - 14,30 
nmll, n = 6) than during the t'est of the year (,X = 1,18 nmll, 
S.E.M. = 0,136, range = 0,29 - 4,56 nmll, n = 31), (t 
= 3,77; P<0,001). 

Blood testosterone leve~s in the captive male showed no distinct 
trends. Large ranges occurred in January, April and September 
to November, duri ng which months the greatest mean 1 eve' s of 
testosterone were recorded. 



TABLE 11 

Testicular 
parameter 

n 

~mbined testis 
mass (- epids.) 
(g) 14 

Testis length 
(mill) 14 

Testis width 
(ITVll ) 11 

Seminiferous 
tubule diameter 
(~m) 14 

Testis position 
% scrotal 3 

Comparison between testicular parameter values for the 
period May to July and from January to April and August 

to December 

I "-I ~ I January to April & May to July for . . .. 

I August to December diff~r- I slgmflcance 
ence 

- S. E. ~;1. - S.E.M. x range n x range 

0,135 0,010 0,09-0,20 33 0~119 0,005 0,07-0,20 1,49 O,10<P<0,20n.s. 

I 
1,30 I P = 0,20 5,79 0,151 4,80-6,55 33 5,52 0,114 4,20-7,10 n.s. 

I 
I 

4,29 0,133 3,70-5,10 29 4,30 0,096 3,35-5,10 0,08 P>0,50 n.s. 

I 
I 

180,51 6,25 145,90- 33 184,68 3,31 148,90- 0,63 P>0,50 n.s. 
223,07 229,40 ' 

69,33 19,55 33,3-100 9 71 ,85 10,35 16,0-100 0,13 P>O,50 n.s. 

I 

w 
~ 



I~O~~ IL ~omparlson oetween epla1aymal parameter values for the period 

May to July and from January to April and August to December 

t tor 
May to July January to April & August differ-

to December ence 

Epididymal - -parameter n x S.E.M. range n x S.E.M. range 

Combined 1-4 0,069 0,007 0,02-0,10 33 0,062 0,004 0,02-0,10 1 ,01 
epididymal mass (g) 

Epididymis caput 5 89,10 4,74 78,50-104,00 17 88,79 3,01 76,00-114,50 0,04 
ducal diam.(min.) 

(~m) (max.) 5 198,40 35,24 141,00-327,00 17 154,12 6,24 112,50-213,00 1 ,90 

Epididymis corpus 5 7L,90 4,32 62,OO-B6,00 17 78,15 2, 11 63,00-92,50 1 ,10 
ducal diam.(min.) 

(~m) (max.) 5 135,70 20,19 106,00-214,00 17 143,26 I 6,46 89,00-214,00 0,45 

Epididymis cauda 6 137,08 11 ,36 112,00-180,50 17 120,35 4,12 96,00-168,00 1 1,65 
ducal diam.(min.) 

1256,24 (~m) (max. ) 6 309,75 38,70 211,50-447,50 17 14,11 153,00-409,00 1,55 

Epididymis caput 5 19,07 1,95 11 ,75-22,40 17 21 ,79 1 ,51 14,40-36,20 0,87 
epithelial height 

(llm) 
Epididymis corpus 5 12,26 0,67 9,70-13,50 17 15,17 0,73 10,00-21,30 I 1,99 
epithelial height I 

(llm) I 

! 
Epididymis cauda 6 11 ,72 1 ,19 9,34-16,80 17 12,76 0,78 9,16-20,80 1 0,67 
epithelial height I (~m) 

% sperrnatAzoa in 14 96,09 1 , 14 84,20-100,00 33 90,93 2,48 . 37,50-100,00 1 ,32 
epididymis cauda 

% spermatocytes/ 14 3,91 1,14 0-15,58 33 9, 11 2,48 0-62,50 1 ,33 
spermatids in 

I epididymis cauda 

significance 

I 

O,20<P<O,50 n.s. 

P<0,05 n.s. 
I 

0,05<P<0,10 n.s. 
O,20<P<0 , 50 n.s. 

P>0,05 n. s. 

0,10<P<O,20 n.s. 

O, 10<P<O,20 n.s. 

O,20<P<0,50 n.s. 

0,05<P<0,10 n.s. 

P>0,05 n.s. 

0,10<P<0,20 n.s. 

0,10<P<D,20 n.s. 

I 

I 

I 

I 

I , 
I 
I 

I 
I 

w 
U1 
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FIGURE 50 Monthly variations in body mass of wild bats 
(n = 196) . 

(Vertical line - range, crossbar - mean, 
broad portion of vertical line - S.E.M.) 

The vertical dashed lines divide the year 
. into the period ~1ay to July and from January 
to April and August to December. 
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FIGURE 51 Monthly variations 
levels in wild males 

in blood testosterone 
(n = 37) 

(Vertical line - range, crossbar - mean, 
broad portion of vertical line - S.E.M.) 

The vertical dashed lines divide the year 
into the period May to July and from January 
to April and August to December) 
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4. 3. 6.5 Epaul et tes 

FIGURE 52 sho ll/s there was a r educt ion i n epaul ette hair l ength 
du r ing Nov em ber to February. This implies a moult and hair 
r eg ro wt h durin g t hese mon th s. Me an hair length during th e 
No vem ber to Feb ru a ry pe riod of moult and regrowth was 
s i g n i f i can t 1 Y s h 0 r t e r (x :: 7, 4 6 mill , S • E • fIT . = 1, 2 1, ran 9 e = 0 -
13,60 mm , n = 14) t han for t he remainder of the year (cover i ng 
the I~ay to July mati ng peri od) (x = 12,58, S.E.i~. :: 0,30, 
range = 7,70 - 18,70 mm , n = 32) (t = 5,43; P<O,OOl). 

This moult and regrowth of epaulet t e hairs was confirmed by 
observati ons of t 'lIO capti ve mal es (PLATES 16 & 17 and TABLE 13). 
In the three cases the process took a minimum of 45 days and a 
maximum of 78 days to compl et e. 

4.3.6 .6 Calling 

(a) FIGURE 53 shows the mean number of nights per month \vhe n 
wild males were heard calling over a three year period 
(January 1979 to December 1981). Six months (March, l~ay, 
June, October, November and December) had large ranges over 
the three year period, with two months (August and 
September) having significantly fewer calling nights per 
month (x = 2,67, S.E.M. = 0,76, range = 1 - 5, n = 6) than 
the remainder of the year (x = 9,17, S.E.M. = 1,18, 
range = 0 - 30, n = 30), (t = 2,37; O,Ol<P<0,05). 

Using the r~ay to July, and January to April and August to 
December year divisions, there were significantly more 
calling nights in ~1ay to July (x = 12,67, S.E.M. :: 2,90, 
range = 2 - 30, n = 9), than in the remainder of the year 
{x = 6,56, S.E.r~. = 0,92, range = ° - 20, n = 2n, 
(t = 2,58~ 0,01<P<0,05). 

(b) Sound analysis of caged male calling 

The calling of E. wahlberg_'£. males is characterized by a 
sharp metallic donging sound repeated at regular intervals. 
Frequencies within the call range from 1000 hz to 2500 hz, 
with 1250 and 1600 hz having the greatest energy output 
(amplitude). The time intervals between calls varies from 
0,90 to 1,35 seconds. 

A n ad u 1 t mal e was cap t u red and c a 9 e d ; nAp rill 980. F I' 0 m 
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FIGURE 52 Monthly varaitions in epaulette hair length 
(n = 46) 

The vertical dashed lines divide the year 
into the period November to February - period 
of epaulette hair moult and regrowth, and 
from March to October - covering the main May 
to July mating period 
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PLATE 16 Epaulette moult in male Eo wahlbergi almost 
compl ete 

PLATE 17 Epaulette hairs regrol'ln 



16 
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Male 
no. 

5-07502 
ET .419 
ET 419 

TABLE 13. Moult and regrowth of epaulette hai rs 
in two capti ve males 

Year 

78/79 
80/81 
81/82 

Dates 

balding first epaulettes 
starts bald 

27 Nov. 
7 Dec. 

28 Nov. 

8 Dec. 
21 Dec. 
13 Dec. 

hair regrown 
(10 mm +) 

11 Jan. 
10 Feb. 
14 Feb. 
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~IGURE 53 Mean number of nights per month when wild 
males were heard calling in the study area 
over a three year period (January 1979 to 
December 1981) (n = 36) 

The vertical dashed lines divide the year 
into the period May to July and from January 
to April and August to December 
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then until hi s rel ease in February 1982, the dates on whi ch 
he was hea rd calling were as follOt>ls: 1980 - 25 JI.ug., 2 
I~ov., 20 Nov., 30 Nov. - 19 Dec., 26 Dec. - 30 Jan., 1981 -
25 Feb. - 1 r,1ar., 11 Apr. - 5 July,. 17 July, 14 Aug., 15 
Sept., 1 - 3 Oct., 15 Oct. - 1 Nov. 

Eight sound recordings of the calls were made from 27 April 
1981 to 23 October 1981. Calling was analysed for 
seasonality by examining variations in am pl itude in five 
frequ en cies (1000 hz, 12!jO hz, 1600 hz, 2000 hz, 2500 hz) 
and variat-ions in time intervals beh:een calls (FIGURE 54). 
Superimposed onto FIGURE 54 are two shaded areas, which 
represent the period during which the caged male mated with 
six f ema les. (This was calculated from subsequent 
pregnanc; es and bi rth dates). 

No significant difference was found in either amplitude or 
time intervals of calls beh'leen the period during mating 
and that before and after it. 

However four points of interest, dra~m from FIGURE 54 may 
be significant to the onset of copulation and have 
relevance to future \,iork. (1) In three out of five 
frequencies, amplitude builds up to a peak just prior to 
the commencement of copulation. (2) In all five 
frequenci es, ampl itude dec reases after mating commence s. 
(3) During the ~ating period the interval between calls 
1 engthens. (4) The 1000 hz frequency; 5 absent from the 
call in April and early r·1ay but appears from the middle of 
f~ay om-lards. 

Recordings were- not made of the single night calls in 
August and September or those at the end of February. 
Hi thout thi s i nformati on meani ngful concl us; ons cannot be 
drawn from the preceeding comments. 

(c) Observations of caged male calling 

The caged male was observed calling during r~ay 1981. The 
same cOtnel' of the cage was used for call i ng from, each 
night. Each call was preceeded by partly opened wings, 
much wi ng fl utteri ng, format; on of the mouth; nto along 
swoll en tube and much ear rotation. As the call \'/as 
emitted the wings closed and the mouth was opened. No 
epaul ette eversi on \'/a5 observed. Dud n9 call i ng the 
femal es \.,ere seen to commence active flyi n9 around, and in 
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FIGURE 54 t10nthly variations in amplitude of caged male 
calling, examined for five frequencies; 1000 
Hz, 1250 Hz, 1600 Hz, . 2000 Hz, 2500 Hz and 
time intervals between calls n = 240 calls 
analysed 

(Vertical 1i ne - range, crossbar - mean. 
Shaded portion represents the period during 
which the caged male \'/as known to have 
mated) 
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part ic ul ar, fl yi ng past and hover ing clo se t o the call er. 
One femal e set tl ed wi thin one metre of hi m. 

4.3.7 An overvi ew of seasonali ty i n a singl e capt ive ma l e 

FIGU RE 55 combines fi ve sex-re l ated paramete rs measured f rom one acti vely 
breedi ng caged mal e, over a maxi mum peri od of 23 months, at i nte rvals of 
hlo to fo ur weeks. Supe ri mpo sed onto th is fig ure are t wo shaded areas 
duri ng which the caged ma le mated wi th si x f emales. 

The In e a sur e III e n t s 0 f body mas s, epa u' e t t e h air 1 eng t h, t est e s po si t ion, 
calling and blood t es tosteron e levels ob t aine d only in 1981, were t ake n 
into account whe n investig ating the possibility of seaso na l-ity in the 
caged male , because it was du r ing this year that t he male was first known 
to breed. 

(a) Body mass 

FIG U R E 50 and 4.3.6.3 s how the m 0 nth 1 y va ria t ion sin body mas s 0 f 
wild males and the significantly greater mean body mass during the 
May to July mating period than the rest of the year. Despite a diet, 
constant in both mass and composition, the body mass of the caged 
male showed remarkably similar fluctu ations. 

The mean body mass of the caged male for May to July was 
significantly greater (x:: 130,83 g, S.E.M. :: 3,19, range:: 116,00 -
138,00 g, n :: 6) than the mean body mass for the remainder of the 
year (x :: 118,85 g, S.E.M. :: 1,71, range:: 103,00 - 136,00 g, 
n :: 20), (t :: 3,22; 0,001<P<'0,005) and the May to July mean body mass 
for the wild males (129,62 g) and caged male (130,83g) showed no 
significant difference. 

The mean body mass of the caged male during his known mating periods 
(shaded areas in FIGURE 55) (x :: 129,20 g, S.E-M. :: 2,52, 
range:: 123,00 - 136,00 g, n :: 5) was also significantly higher than 
the mean body mass duri ng the remai n1 ng non-copul atory part of the 
year (x :: 119,81 g, S.E.M. :: 1,95, range:: 103,00 - 138,00 g, 
n :: 21), (t:: 2,14; O,01<P<0,05). 

(b) [paulette hair length 

The same situation shown for wild males in FIGURE 52 is seen for the 
caged male in FIGURE 55. Moult and regrowth of epaulette hair occurs 
from November to Feb ruary and is reflected by the significantly 
shorter mean hair lengths for these months (x :: 6,45 mm, 
S.E.M. :: 1,63, range:: a - 12,00 mm, n = 10) t han for the rest of the 
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FIGURE 55 Monthly variations in five sex-related 
parameters measured from one caged male from 
time of caging to time of release 

(The shaded portion represents the peri od 
during which the caged male was known to have 
mated 
scr. - testis scrotal 
1 scr./l ilbd. - one testis scrotal and one 
test i s abdom ina 1 
abd. - testes abdominal) 
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year', incorporating the t~ay to .July mating pey-iod (x = 11,91 mm) 
S.E.~'. = 0,06, range::: 11,00 - 12,00 mm, n = 17), (t = 3,32; ° , 00 1 < P< 0 , 005 ) • 

Once the epaulette hair had at tained its maximum "length of 12,00 mm 
in the caged male, this length was maintained until the hair was shed 
at t he end of November, beg; nni ng of December. Duri ng th e caged 
male's mating periods (sh aded portions of FIGURE 55) therefore the 
shoulder hairs were fully grown. 

(c) Testes position 

Ouri n9 November to February the caged mal e's testes \'Iere observed to 
be scrotal on 50 % of examinations. From April up to the end of the 
caged male's June/July mating period and during the brief October 
mating per'iod, they were observed to be scrotal on all examinations. 
However during the period between the two mating phases they became 
abdomi nal • 

(d) Calling 

Periods of calling were closely coincident with periods during which 
the testes were scrotal. Calling occurred every night during the 
April to July phase of scrotal testes, and during the intercopulatory 
phase of abdominal testes, was reduced to occasional nights. 

(e) Blood testosterone 

4.3.8 

As previ ously menti oned in 4.3.6.4, no di sti nct trend was evi dent and 
mating was not coincident with peaks in recorded testosterone 
presence in the blood. 

Look i ng at the ho 1 is ti c pictul'e over 23 months, blo parameters sho\"/ 
distinct seasonal variations, body mass and epaulette hair length. 
Both significantly increased during the r~ay to July year division 
and sign; fi cantly decreased duri ng the remai nder' of the year. 
Scrotal t.estes position and calling seem to be interdependent and 
both reflect a decrease in activity dUl"ing the caged male's 
i ntercopul a tory phase in Augu stand September. Abdom i nal testes \"/ere 
also found to be coincident with bald epaulettes. Blood testosterone 
1 evel sin the caged mal e 1!0\'Iever showed no evidence of seasonal i ty. 

Seasonality in male social behaviour 

During netting operations from 1977 to 1982, which were usually carried 
out by erecti ng one or two mi st nets beneath a large frui ti ng tree, seen 
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to be actively fed on by 'bats, a male catching pattern emerged. 
FIGURE 56 ; 11 ustrates til; s pattern by showi ng the percentage of adul t 
males (with epaulettes) in the monthly catch , over a 50 mo nth period. 

Mal es formed the small er percentag8s of the catch duri ng Apri 1 to 
July and; n October each year, and the 1 arge r percentages duri ng 
Novemb er to ~'arch and in August and September. Th'e perc entage of 
males in the ca t ch from May to July (x = 9,30 %, S.E. ~1. = 2,30, 
range = 0 - 25,00 %, n = 12), is signif'icantly greater than the 
percentage of males caught during the rest of the year (i = 25,28 %, 
S.E.M. = 3,20, range = 0 - 100 'ro, n = 38), (t = 2,67; 0,Ol<P<O,05). 
A possibl e interpretation of these results in reproductive terms is 
given in the discussion (4.4.9). 

4.4 DISCUSSION 

4.4.1 Age at puberty and sexu al maturity 

When investigating the age of commencement of male sexuality in a 
seasonally breeding mammal there are three stages to be considered; (a) 

age at commencement of pubertal changes, (b) age at attai nment of sexual 
maturity and (c) age at fi rst mating. (In an aseasonal breeder (b) and 
(c) would occur at the same age). 

This information has been determined for E. wahlbergi, where (a) occurs at 
eight months (4.3.2), (b) occurs at 13 to 17 months (4.3.2) and (c) occurs 
at 16 to 18 months (4.3.3). Sexual maturity attainment and first mating 
therefore occur in the males' second year. 

A rev; ew of age at sexual maturi ty ; n t~i crochi ropteran spec; es reveal s 
that th; sis the most common pattel~n, sexuai maturi ty occurri n9 in the 
majority of species at 12 to 18 months; Rhinopoma kinnear; - 15 months 
(Anand Kumar, 1965); Nyctal us noctul a - 15 months (Cranbrook & l3arrett, 
1 9 6 5 ) ; ~~!'!:'Q.~Q.~~_£~llli~~ - 16m 0 nth s ( D a vis, 1 9 6 9 ) ; 
Rhinolophus hipposideros- 15 months (Gaislel' & Titlbach, 1964); 
Myoti s 1 uci fugus and ~ri sescen~ - 15 months (Mi 11 er, 1939); 
Otomops mart; ensseni - 12 months (~lutere, 1973a); Pl ecotus rafi nesgue; -
18 months (Pearson, Koford & Pearson, 1952); ~lyot; s austrori pari us - 15 
months (Rice, 1957); Myotis myo~is - 15 months (Sluiter, 1961b). 

Few M; croch; ropteran speci es \'/ere found that were recorded as becomi n9 
sexually mature in the'j r f; rst year; ~ptesi cus fuscus. - three months 
(Chr; sti an, 1956); Scotophn us wroughtoni - under 12 months 
(Gopalakl'ishna,1949, or after their second year; 
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FIGURE 56 Percentage of adult males in the netted catch 
per month over 50 months. (Total number of 
males caught during this period = 196) 

Dashed vertical lines divides the year into 
the period t'lay to July and from January to 
April and August to December 
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Rh in olophus fer r umegu i num - 3,25 and 4 , 25 yea r s (Din al e , 196 4) ; 
Rhi n01 ophus eu ryal e - 2,35 years (Oi nal e, 1968 ). 

A r ev; ew of th e Megachi r opt e r a revea l s tha t all speci e s so f ar s tu d; ed 
at ta in sexual matur i t y or age at f i rst mat i ng, i n the ir seco nd year; 
Hy ps i gnat hus mon s t r osus - 12 to 18 mo nt hs (Brad bury, 1977); 
Ro usett us l esc henaulti - 14 to 20 months (G opa l ak ri s hn a & Choudh ari, 
1977); Rousett us ae gyptiacus - 12 t o 19 mont hs ( t~ u te re , 1968 ); 
Pteropus goul di - 18 mo nt hs (Ne l so n, 1965b); Pt eropus poliocephalus - 18 
months (Nel son, 1965a ); Pteropus se~J atus - 18 months (Ne l son, 1965a); 
~terop~ s gedd i ei 24 months (S a nb or n & Nichol son t 1950); 
Pte ro pus ornatus - 24 months {S anborn & Nichol son, 1950}. 

Epomophorus wahlbergi therefore follo ws the general Chiropteran trend and does 
not di ffer from any of the Megaehi ropterans so far i nves t i gat ed. 

4.4.2 Puberty, sexu al maturi ty and growth 

Si nee the pi oneeri ng work of Brody (1945) the characteri sti cs of growth 
curves of different animals have been analysed in considerable detail. 
These early studies suggested that the point of inflection of the growth 
curve (decrease i n gr owth vel oci ty) usually follow'S soon after the 
attai nment of sexual maturi ty and that the secreti on of hormones 
associated with sexual maturation is responsible for the changing pattern 
of growth. However recent work wi th domes t i cated animal s (Foxcroft, 1980; 
Joubert, 1963; Russell, 1969) has shown that the rel ati onshi p between 
puberty/sexual maturity and growth is not constant and may be retarded or 
advanced, for exampl e by undernu t ri ti on or intense genetic sel ect-i on for 
high growth rates. 

In E. wahlbergi the onset of pubertal changes and in particular, the start 
of gonadial growth, at eight months coincides with a rapid deceleration in 
growth velocity (4.3.4 and 4.3.5) and sexual maturity at 13 to 17 months 
occurs after the growth curve in flection at the at t ainment of the forearm 
1 ength asymptote at 11 months (3.3.1.3). By com pari son wi th damesti cated 
breeds (Foxcroft, 1980) th; s suggests 1 ate maturi ty in rel at; on to growth. 
However without comp arative data from other fruit bat populations these 
results cannot be put into proper perspective. 

Asp e c t s 0 f body 9 r 0 \'I t h h a v e bee nus edt 0 ass e ssp 0 p U 1 at ion con d i t ion 
(Hanks,1981). A value for puberty/sexual maturity attainment in relation 
to growth would not only provide a useful tool fo r comparing intraspecific 
population condition, but al so a useful means of compari n9 thei r 
r eproductive potenti al. In future work on geographic ally di stant 
populations of E. wahlberg; this type of investigation would provide 
valuable condition and reproductive comp arisons and may supply an insight 
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in to the trigger mechanisms for the onset of puberty. 

Foxcroft (1980 ) pointed out t hat there i s much evi de nce f rom domesticated 
breeds, parti cul arly those wi th a seasonal breed; ng patte rn, to sugges t 
th at the attai nme nt of a part ; cul ar st age ingrow th may not necessarily be 
the effective stim ulus for the a tt ain men t o f se xual maturity . 
Ph 0 t op e rio d , t el'll per a t u r e, 0 r h urn i d i t J' s t im u 1 i may be i n vol v e d. 
E. wahlbergi i s a seasona l br eeder and th i s study has sho wn a l ack of 
cri ti cal body mas s or forearm l'~ngth at the atta i nme nt of sexual mat uri ty. 
Growth theref0re may not be th ~ effect i ve s t i mulu s in tllis species but 
f urthe r deta i led work woul d be requ i red t o dete r mine which (if any) 
external env i ronmental tri ggers are i nvol ved. 

4.4.3 Seasonal ity i n ma l e breeding 

Sperma tczoa were present in the 1 ume n of the epi didymi s cauda throughout 
the year and no si gnifi cant dif fe rences occurr ed in either testicular or 
epididymal par am eters bet ween t he i~ay to June main mating period and the 
remainder of th e yea r. L wa hlb er gi th e re fore fits into the mal e 
reproduct 'j ve pat te rn, 'sperm atoge ni c acti vity conti nuous wi th no seasonal 
vari ati ons in i ntensi ty or te st; s mass', di scussed in the i ntroducti on to 
thi s chapte r and a pat tern more common in aseasonal breeders. 

However body mas s, epaul et te hai r 1 ength and number of call i n9 ni ghts per 
~onth in both wild bats and th e caged individual~ blood testosterone 
levels in the \vild bats and te st es position in the caged bat, all sho\I/ed 
evidence of se asonal ity. Significant differences occurred between the 
mea n val u e s for the s epa ram e t e r sin May to J u 1 y and i n t i1 e re s t 0 f the 
year. Som e seasonal ity is evi dent ly shown by the mal e E. wahl bergi but it 
do es not extend to sperma togenic , activity or seasonal gonadial variations. 

FIGURE 49 sho \v s tha t 84 % of all conceptions occur in May to July and in 
consequenc e 87,3 % of all bi rths occur fro m October to January. There is 
some ev 'ldence in this figure to sugge st a bi modal birth pattern. 16 % of 
conceptions occur f t om Augu st to December with a small peak of 4,3 'h in 
October. 12,5 % of bi rths occu r fro m February to June vii th a peak of 
6,2 % in Ap r il. This trend is furth er s upported by a secondary October 
peak (the main peak occurring in ~1ay to July) in body mass (FIGURE 50) and 
in number of calling nights (FIGURE 53). Significantly fe\"er calling 
nights occur red in August and Sep tem be r than during the rest of the year. 
The caged mal e s how ed h l o period s of mating , June/July and October; he 
exhibi ted abdomi nal tes te s duri ng August and September in both years of 
capt i vi ty and hi s call i ng chang ed fro m conti nuous to sporadi c from the 
begi nni ng of July t o the mi ddl e of Oc tober (FIGURE 55). 

ni modal seasonal i ty in bi rths has bee n recorded for f1 ve ~1egachi ropteran 
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s pee i e s, Li s so fly C t e r_i~_~~~9 1 en s i s (A n ci a u x de F a v e a u X, 1978 a ) ; 
Hypsignathus l11onstrosus (Br ad bury, 1977) ; Rousettus 1 esche naul t~ 
(Gopalakrishna & Choudhari, 1977); .Rouscttus aegyptiaeus (Mutere, 1968) 
and E po mop h 0 r usa n u r us (0 k 'j a, 1974 b), t \,1 0 0 f \'/11 i c h ( R. a e 9Y p t i a e usa n d 
Eo anurus) exh i bit marked i ncreases in testis mass dul'ing the tw o mating 
per iods. Thi s cannot be shown for .Eo wah'lbe rgi and the bi modal tendency 
can on l y be i nterpreted as i nd i cating a po ss ibl e seco nd i ncrea se in 
reproductive activity of tiiE~ male population dur i ng October. 

Although some seasonal v(I.riabi1ity ex i sts i n the reproduct ive sta t e of the 
mal e E. wa hlb erg i, sp e r matoz oa ar e co nti nuous ly present an d s o 
fe r til i za tio n i s poss i hl e througho ut the year. The trigger to br eed i ng 
therefo re must be sou ght no t wi th t he mal e, but in the in te raction between 
the envi ronme nt and the f emale physi ology . 

4.4.4 Spelillatocyt es and speY'mat ids 

The co nt inual pr es ence of sp erm at ocytes and spermatids , including 
multi nu cl ea ted sp ermatids, in the epididymis cauda lu me n of male 
E. wahlbergi is an outstanding and unusual feature of t he speci es. 

There are few references to til is pheno menon. In man these ce 11 types are 
associ ated with ; nfertil i ty. Hul ti nuel eated sperm ati ds have beer. recorded 
as an abnormality in spermatid development in the human tesUs of males 
wi th fertil ity di s turbances (Ho 1 stei n & Schi rren, 1979) . Phadke & Phadke 
(1961) have recorded the presence of large numbers of cells in the process 
of speYTn;ogenesis in infertile human semen samples. 

In three other mammalian species spermatids have been observed as normally 
present in the epididymides: Reid and Cieland (1957) recorded spherical 
spermatids in all zones of the epididymal duct of the \'Jhite rat 
(Rattus r attus). Millar (1971) remarked on their presenc e in the caput 
epididymis of the seasonally breeding rock hyrax (Proc avia capensis). Of 
rel evance to thi 5 study, t,1arshall (1946) recorded the prese nce of 
spermatocytes and spermatids among the sperma t ozoa in the epididymides all 
the. year round and in all specimens of ?teropus gJJlanteus. He r'emarked on 
the vari abil i ty of the nu mbe rs of thes e cell s, but observed no seasonal 
varia t ion. No explanation ho v-Iever was offered for the presence of the se 
cell types in any of the three speci es. 

The findings of this study of th e epididymal content of E. wahlbergi, 
sup po r t tho s e 0 f t', a r s h a 11 (194 G) for P. 9; 9 a n t e us. H 0 \'J eve r a fur the r 
result of this present work, (and of po ss'i ble relevance in th e search for 
an expl anation for the pr esence of these cells), are the increased 
percentages of t he cell types (gl"'ea t er th an 20 't ) in young mal es prior to 
or at the attainme nt of sexual maturity (13 to 16 months 01 d) (FiGURE 38). 
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It appears that spermatocyte s/spermatids are released prematurely from the 
testes in l arge percentage numbers wh en spermatogenes is first starts and 
in smaller percentage numbers (l ess than 20 %) in adults 17 months old and 
over, throughout the year. 

A functional exp1anation for the presence of spel"matocytes/spermatids in 
the epididymis would be diff icul t to find and one oth er possibl e 
expl anation for thei t' presence, a spec) es-rel ated chromosomal aberrat i on 
result ing in some abnotmal meiotic products , could only be confirmed by 
extensive karyotyping studies. 

4.4.5 Testos terone 

BTood plasma testosterone l e'l~ ls from \'/ ild males showe d a significant 
inc rease during the r~a'y to July pedod, whet'eas testosterone levels in the 
caged ma le did not sho", this, were very variable vlithin each month and 
attained higher levels than in the wild males. These differences can be 
explained by the sall1pling methods. 

The wild males \<Jere kept in an enclosed bag from the time of capture at 
± 22hOO, to just pri or to blood sampl i n9 at ± 10hOO. The ti me of capture 
and sampling was constant to within 45 minutes. The time at which blood 
samples were taken from the caged male however varied between 09hOO and 
15hOO. 

Studies by ROv-le, Racey, Lincoln, Ellwood, Lehane & Shenton (1975) and 
Il1ius, Haynes & Lamming (1976), v/here blood samples were taken hourly 
from man and sheep, sho", that blood testosterone levels varied by as much 
as 800 % in man and 1700 % in the sheep within a 24 hour period. In man 
the greatest testosterone content occurred around midday and the least 
around midnight. 

Consistent time of sampling the wild bats may therefore explain the less 
varied and more me an ingf ul results. 

Illius et a1. (1976) showed that in the ram, testosterone levels increased 
with ewe proximity. Tile caged male was in constant proxilnity to females, 
whereas the captured wild males were kept isolated for 12 hours prior to 
sampling. This could explain the higher testosterone levels measured in 
the caged mal e. 

4.4.6 Function of epaulettes 

Wickler & Seibt (1976) described the pulsing eversion of the shoulder 
epa u 1 e t t e s 0 f E. wah 1 be r 9 i_ mal e s d uri n 9 c a 11 ; n g. They rev i e w pre v i 0 U S 

authors' suggestions as to their function and conclude that the epaulettes 

'J 
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provide either optical or' olfactory signals for the attraction of females 
for mating. 

This study has shown that in November and December, after the main mating 
peri od and after the small secondary October peak i n concepti ons, the long 
~/h'i te shaul der hat rs are shed and the new hai rs regro\·/ to th ei r former 
1 ength by mi d January to mi d February. Thi s woul d be cons; stent vlith the 
opi nion that the epaulettes have an attY'active function for the female 
duri n9 breedi ng. 

4.4.7 Function of calling 

Wick1er & Seibt (1976) investigated male calling in E. wahlbergi and found 
the call to bel on9 to th e 11 oca ti on l category of sound s where the sender 
is adverti zi ng hi s 1 oc at i on. They concl uded that call i ng had the dual 
function of spacing out membe rs of the same sex and attracting members of 
tile oppos He sex. 

Attraction of femal es would imply a reproductive function and this 
research has shown that the number of calling nights per month are 
di rect1y rel ated to the t~ay to July breedi n9 peri ad, a1 though call i ng does 
occur in every month of the ye ar . It can be concl uded from thi s that 
calling may have another function besides attraction of females. Year
round maintenance of a territory may be a consideration, although it was 
beyond the scope of this research to investigate the possibility. 

4.4.8 Lek mating 

Bradbury (1977) defined a Ilekl as an asser.1bly of males visited by females 
primarily for mating and co mpiled a 'list of foul" major and six minor 
criteri a fulfill ed by 1 ek spec; es. E. wahl be rgi meets three of the four 
major requi rements, absence of male parental care, male territories 
containing no resou rces , and females have an opport unity to select a male 
for matin g. The species also meet three out of the six minor 
requirements, strong sexual di mol"pl1ism, sexual bimaturism with later 

-maturing males and ritua1ization of male display. 

Because of the partial fulfilment of these criteria, the possibility of 
lek mating in E. wahlbergi is considered. Tile lek speci es examined by 
Bradbury (1977) was the hammer-h eaded frui t bat, Hypsi gnathus monstrosus. ---"---------
E. v.Jahlbergi differs from this spec ies in that no large aggregations of 
calling maies at regular sites were observed and calling, though 
seasonally correlated with mating did occur in all months of the year. 

Single E. wahlbergi males howeve r were noticed returning to the same tree 
perch to call for several months in succession and adjacent males could be 
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faintly heard calling nearby. Th ese may be pa rt of a widely dispersed lek 
or merely loose aggregations of cal lin g males which are defending 
territor; es around cruci a 1 re soLl rees needQd by femal eSt Cons i deri n9 the 
ex; stence of call i ng throughout the year~ terri tory defe nce seems more 
1 il<ely. 

Hov/e ve r the truth may lie -in a concluding remal~k by Br adbury (1977): II 
su spect that subsequent work on other epomophort ne spec; es vii 11 reveal a 
gt'ad; ent of strategi es rang; n9 from com pl ete resource defence to true 1 eK£ 
as in Hypsi gnathus. 1 

4.4·.9 Seasonal soci al behavi our 

He r d forming in mature adult males outside the breeding season and 
disp etsal of these hetds for individu al dominant males to establish 
territories, ;s well docume nted, particularly for gregarious species of 
Bovidae and Cervidae (A.nderson , 1972; Lincol n, Guine5s & Short, 1.972; 
Ly n c h, 1974 ). 

While mist-netting for fruit bats undet fo od trees, it was noticeable that 
during the summer months, particular l y in December and January, large 
nu mbers of mal es {greater than ei ght} woul d be caught together 'j n 1 ess 
than an hour. Whereas during the months of mating, males were 
infrequently caught. The seasonal Hy of the mal e content of tile catch is 
illustrated in FIGURE 56 and it is shown (4.3.8) that a significantly 
smaller percentage of males were caught during May to July than during the 
r·e m a i n de r 0 f the yea r. A sec 0 n dId i p' inc a t c h per c e n tag e a 1 so 0 c cur red 
in Octobet, once again suggesting the possibil ity of a bimodal mating 
pattern. 

v/hen compared, ·it is seen that FIGURE 56 inversely parallels FIGURE 53. 
Low percentage of males in the ~atch per month coincide with the greater 
number of calling nights per month, and vice versa. 

It would appear that outside the mating pedods, when numbers of calling 
nights per month are low, adult males fiy and feed in groups, a situation 
paralleling the out of rut seasonal herding of impala rams (Anderson, 
1972). During the mating periods these groups disperse, individuals 
become solitary , to call, establish territories and so feed singly instead 
of in groups. 

If this is a correct interpretation of the facts, seasonal ity associated 
\'iith mati n9, whi ch cannot be demonstrated in gonadial terms, may be seen 
in the changes of behavioural pattern associated with the possible 
dispersal of male groups into individual callers and tetritory hold ers 
during certain parts of the year. 
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4.5 SUMMARY 

Rep rod u c t ion ; n mal e ~~~ h 1 bet 9 i i s e >: ami ned i n de tail . The 9 r 0 s s 
anatomy and histology of the repfoduct 'ive system is described. Age at 
onset of puberty is given as eight montl1s and sexual maturity attainment 
at 13 to 17 months. There was no cr"itic al bo dy mass or forearm "length at 
v/hi ch sexual maturi ty occurred) al though onset of puberty coi nci ded with a 
decelerati on ;n body growth velocity. 

Seasonal ity 'in the male \'las investigated in relation to mating, by 
examination of testes, epididymides, body mass, blood testosterone, 
epaulette hair length,. male calling and by a holistic approach, using a 
caged mal e. Sper ma tozoa \'/ere pres ent throughout the yea r' and no 
significant variations in the testicular and epididymal param eters 
occurred between fl'ay to July (the main mat-lng period) and the remainder of 
the year. r~al e seasonal i ty in gonad; al te rms ''las absent. However, body 
mass, blood testosterone, epaulette ha"jr length, male calling and in the 
case of the cagecl male, testes posit"ion s sho\l/ed seasonal variations, as 
did the adult male content of the monthly netted catch. 

Age at puberty and maturity is discussed in t'elation to other Chiropteran 
species~ ~. wahlbergi foll O\'1i ng the common Chi ropteran pattern of mal e 
second year matur "ity. It is suggested that a value for groHth stage at 
onset of puberty woul d prov 'j de a useful tool for compari n9 i ntruspeci fi c 
population conditions. 

The extent of mal e seasonal i ty and the possibil i ty of a bimodal pattern is 
di scussed. The unusual presence of sperll1atocytes/spermati ds are examined 
and an explanation regarding meiotic abnormality;s offered. Sampl ing 
methods are used to explain discrepancies between wild and caged bat 
testosterone results. The functions of epaulettes and calling are 
examined and the possibility of lel< mating in the species is discussed. 
Finally, the significantly smaller percentages of adult males in the 
netted catch during the mating season are interpreted as a seasonal change 
;n behaviour patterns associated with dispersal of male groups into 
i ndi vi dual call ers and territory hol ders. 
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CHAPT ER FIVE 

REPRODUCTI ON I N THE FH1ALE EPOi~OPHORUS ~~AHLBERG I 

5.1 INTRODUCTION 

The first aim of this chapter is to describ e the gross and histological 
anatany of the fenale reproductive tract as a basis for investigat ing 
f ena le reproduct ive patterns in E. \"ia hlberg i. 

The second aim is to determ ine the age at attai nment of sexual maturity, 
\,lhich Racey (l974a ) defin es in the fEmale as being the age at first 
oestrus. In two Megachiroptera n species Hyps·ignathus mOllstrosus 
(Brad bu ry, 1977) and Rousettus l eschenau lti (Gopalakrishna & Choudhari, 
1977) this is attained in the first year, at five to seven months of age. 
In other docume nted Megachiroptera (Pteropus geddiei, Baker & Baker, 1936; 
Eonycteris sp el aea , Krutzsch & Beck, 1975; Rousettus aegyptiacus, ~lutere, 

1968; Pteropus gouldi, Nel~on 1965b; Pteropus poliocephalus and 
Pteropus scapul at us, Nelson 1965a), this event occurs in the second year, 
often at 18 months. Many female Microchiroptera follo\,1 a similar second 
year maturity pattern with the genus rqyotis, Nyctalus .noctula and 
Plecotus rafinesquei attaining sexual maturity in their first year at 
three to six mont hs. Thus in this chapter, an attempt 1'-1;11 be made to 
determine Ylhether E. \'iahlbergi females fit into the first or second year 
maturity pattern by investigating the age at first oestrus and at first 
conception. 

The third aim of this chapter is to investigate seasonality and determine 
the reproductive cycle in female E. \Vahlbergi resident on the Natal South 
Coast by examining seasonal variations in numbers and types of ovarian 
follicles, endometrial and myometrial thickness, numbers of endometrial 
glands, height of uteri ne epithel i um and percentage frequenci es of 
gravids, lactants, neonates and juveniles in the population. Universally 
accepted tenns exist to describe female reproductive cycle patterns, but 
examinations of their application in the literature reveals some 
interpretive differences. In this study the terms used are modified from 
those applied by Fleming, Hooper & Hilson (1972) and by Jerrett (1979). 
Their definitions and interpretations are set out below: 

(a) Asedsonally polyoestrous 

Oestrous cycles occur more than onc e per year, but are not restricted to 
any season and occur throughout the yea r, result i ng in bi rths occurri n9 in 
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all months of the year. 

(b) Seasonally polyoestrous 

Oestrous cycl es occur more than once per year, but are restricted to 
either one often extended season, or two, or three short seasons (billlodal 
or trimodal). As a result births occur duri ng one extended season or in 
t~~o or tllree short seasons. 

(c) Seasonally monoestrous 

An oestrous cycle occurs once a year and is confi ned toa fixed part of 
the ye ar, resulting in births occurring du r ing one short season. 

t1egachiroptera inhabit tropical and subtrop"ici:tl regions ~~here climatic 
seasonal differenc es are mini ma l. Despite this, an overview of their 
reproductive cycle pat terns reveals that the majority of species fall into 
the seasonally polyoestrolls and seasonally monoestrous categories. Of the 
seventeen species looked at in detail, one only (Eonycteri s spelaea, 
Krutzsch & Beck, 1975) . is documented as an aseasonal breeder. The 
remainder of the documented African Megachiroptera (\-/ith the exception of 
Eidolon helvum) and two Asian species have been shown to be seasonally 
polyoestrous. Six have bimodal patterns {Lissonycteris angolensis. 
Anciaux de Faveaux, 1978a; Hypsignathus monstrosu s, Bradbury, 1977; 
Rousettus leschenaulti, Gopalakrishna & Choudhari, 1977; 
Rousettus aegyptiacus, Mutere, 1968 (interpreted by Anciaux de Faveaux, 
1978a, as aseasonal); EEomop horus an~rus, Okia 1974b (recorded by 
Herlant, (1953) as aseasonal); Epolllops frangueti, Okia 1974a), one has a 
trimodal pattern (Cynopterus brachyotis, Liat 1970) and two have extended 
season patterns (Epomophorus \"a lll bergi, O· Shea & Vaughan, 1980; 
~~phoru s crypturus, Smithers, 1971). Six species of Pteropus 
(P. geddiei and P. eotinus, Baker & naker, 1936; P. giganteus, Marshall, 
1946; P. gouldi, P. poliocephalus and P. scapulatus, Nelson, 1965b) and 
Eidolon hel vum U~utere, 1967) are seasonally rnonoestrous. 

A study incorporating the investigation of seasonality in a species would 
be i ncanpl ete \'.Ji thout attanpti n9 to exami ne the triggers or causes of the 
seasonality. The fourth aim of this chapter therefore is to determine the 
proximate and ultimate causes of breeding, by examining climatic and 
nutritional factors that could inf"luence the reproductive cycle. In 
particular photoperiod is experimentally investigated since the peak in 
E. wahlberyi conceptions (FIGURE 49) . occur s around the shortest daylength 
in June. 

Most mammalian species give birth during discrete periods of the year, 
separat ed by intervening lJeriods \'/hen no births occur (Sadleir, 1968). 
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This situation allows the young to grow up in optimal climatic and 
nutritional conditions, and lactating females to have access to the best 
food at a time I·,hen particular energetic stress is placed upon then. 
Favourable climatic conditions and abundance of food are considered to be 
the ultimate causes of breeding (Baker, 1938). The timing of such 
seasonal births is directly affected by the timing of conception and the 
length of gestation. Sequentially the timing of conception is dependent 
on sexual receptivity (oestrus) which in turn is brought about by 
ovulation. The timing of ovulation and therefore of conception are 
intitiated or modified by external factors such as daylength, tellperature, 
nutrition and social factors (Sadleir, 1972). Those proximate causes of 
breeding, in collaboration \'lith gestation length, v~hich may be modified by 
such strategies as sperm storage, delayed implantation and delayed 
enbryonic developn:tent, result in births occurring in the most propitious 
season of the year for mother and infant survival. 

Lack of distinct climatic variations presents problems \~hen investigating 
the proximate and ultimate causes of seasonal breeding in the tropical and 
subtropical Megachiroptera. Baker & Baker (1936) and Marshall (1946) 
suggested that decreasing photoperiod may be a controlling factor in the 
onset of copulation in Pteropus and Baker & Baker (1936) further suggested 
that varyi ng amounts of ultra violet light may have some importance. 
Groane (1940) observed that copulation in Pteropus coincided with an 
increased variety of fruits and suggested that this may act as a 
copul atory tri gger. 

Mutere (1967, 1968) correlated birth peaks in Eidolon helvum and 
Rousettus aegyptiacus with rainfall peaks · and as rainfall directly 
affected fruiting, concluded that rainfall could be an ultimate cause of 
breeding in these t\'10 species" in East Africa. Okia (1974b) reached a 
similar conclllsion I'Ihen examining the possible ultimate causes of the 
bimodal birth peak in Epomophorus anurus. 

Mammalian species exhibit a wide variety of strategies associated with 
ovaries and uteri during the breeding cycle from ovulation to parturition. 
A fifth aim of this chapter is to examine sel ected aspects of the breeding 
cycle, namely; ovulation, progestational endometrial reaction, 
implantation symmetry or asymmetry, the role and length of persistence of 
the corpus luteum, condition of the non-pregnant uterus and its ovary 
during pregnancy and gestational length with its possible associated 
strategies. These aspects have been chosen for consideration in most 
cases, because of their notable occurrence in Chiropteran species. 

Willlsatt (1979) extensively re'liel'led reproductive asymmetry and unilatera"! 
pregnancy in Chiroptera, commenting that this ~."as more frequent in bats 

than in any other marnmalidl1 Order. He listed the 'pteropid pattern' as 
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involving a non-random alternation of ovulations bet we en right and left 
ovaries in succesiv e years and th e im possibility of ovular transuterine 
migrat ion because of a septat e uteru s. He also commented on an unusual 
ch aracteristic of this pattern; the development of a localized 
progestational endometrial r eaction at the distal end of th e cornu on the 
ovulating side. Thi s unil ateral reaction has been documented for 
Pt eropus gi ga nteus (Ma rsh all, 19r~9; 1953), Rou s~t t u ~_ lescllcn il u1t 'i 

(Gopal akrishna & Karim, 1971) and ~n opterus srh inx (Ramakrishna, 1950). 

The unusual persistence of the corpus luteum through one pregnancy until 
mid - gestation of the following pregnancy is reported as a unique feature 
of Rou~ettu s l esch enaulti and as a mechanism bringing about the . ~egular 

alternation of ovul ation between the two ovaries in successive cycles 
(Gopalakrishna & Choudhari ~ 1977). By comparison, t·10ssman e< Duke (1973) 
recorded the luteal gland presence in Pteropus vamp'yrus only until mid
gestation of the pregnancy which initiated its formation. 

The order Chiroptera displays three types of delaying tactics designed to 
modify gestational length tind so enable births to take place at the most 
advantageous time of the year for mother and infant. Hibernating bats, 
notably of the Vespertilionid and Rhinolophid families, exhibit two types 
of gestational postponement. Oestrus and copulation are initiated in 
autumn follm'led by delayed ovulation and sperm storage through Itlinter, 
until the spring when ovulation, fertilization and gestation occur. The 
second pattern involves oestrus, copulation, ovulation and fertilization 
in autumn, follolt/ed by delayed implantation during \'Iinter and implantation 
and gestation in the spring (Oxberry, 1979). 

Unexpectedly a Megachropteran species, Eidolon helvum, has been shown to 
have delayed implantation, resulting in a gestation period from 
fertilization to birth of ten months (Mutere, 1967). Births are then 
timed to take pl ace at the onset of heavy rai ns. 

A third pattern, that of delayed enbryonic development has been recorded 
for several Microchiropteran species, Macrotus californicus (Burns & 
Easley, 1977)) Macrotus ItJaterhous"ii (Burns & ~1allace, 1975), 
Artibeus jarTlaicensis (Flan'ing, 1971), Nyctalus stramineus (\~imsatt. 1975) 
and Nycteris thebaica (Bernard, pers. comm.). 

Fecundity of a mammal is measured as the number of live births produced 
over an interval of age {Caugilley, 1977}. The final aim of this chapter 
is to compile a fecundity table \·thich will provide iln indication of the 
reproductive potential of the different age groups within the population 
and the effects of reproductive senescence. 
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5.2 MATERIALS AND METHODS 

Two samples of the wild population were used in the investigations, a 
captured and rel eased sample , and a kill ed sampl e. Th e captured and 
released sample canpris ed of 553 fenal es netted in the study area between 
~J une 1977 and February 1982. Of th ese , 74 \~ere recaptured onc e , seve n 
twic e and two three t imes. One hundred and eleve n netted fenales were 
destructively sampled between April 1978 and March 1982 . 

In all fema les, mea surements of mass, fOr ean11 l ength , ey e-nose distance, 
zygornat-ic \~idth, P 3 and upper C tooth heights and observat ions of denta l 
eruption state Vlere made. The width of the gravid uterine horns in early 
pregnancy and the fetal crania l breadth in later pregnancy were palpated 
through the abdominal wall and measured by means of a calli per verni er . 
Age was estimated by a combinat ion of the use of TABLE 6 and the birth 
pulse, taking the median of the age range to give a single valu e. 

For convenience 
the follmli ng 
14). The first 

of dat a analysis, each female was also assi gned to 
eight categories based on reproductive statu s (s ee 
four categories were introduced in APPENDIX 1. 

one of 
TABLE 

(a) Neonate. Young bat with eyes still closed. (b) Juvenil e. You rg 
bat, after eyes have opened and until a full permanent dentition is 
reached at three months of age. (c) Nuniparous subadult. Young female , 
after. attaining a full pennanent dentition and until first palpab ly 
pregnant (usually between three and six months old). (d) Primigravid. 
Young fema le, pregnant for the first time , dis t inguishable from older 
pregnant females by lack of n-ipple distension (usually bet lveen six and 
tvvelve months of age). (e) Gravid. Pregna nt fema les in their second or 
later pregnancies, recognizable by pendulous nipples (usually eighteen 
months and older). (f) Lactant. Non-pregnant females \·,ith enlarged 
mammary tissues and expressible milk (usually tHelve months and older). 
(g) Gravid and lactant. (h) Postl actant. Non-pregnant ami non-lactant 
females \'1ith distended nipples indicating at least one previous pregnancy 
and 1 a ct at ion. 

5.2.1 Ki 11 ed sampl e 

The vagina, uterine cornua and ovaries \Jith oviducts from each specimen 
were dissected out and laid onto dental v/ax. The maximum Hidth and length 
of botll uterine cornua with and without the ovaries were measured to the 
nearest 0,1 mm using a calliper vernier and the side of implantation (if 
any) was recorded. In addition the fetuses of gravid females \vCI' C 
renoved, sexed, and mass., foreann length, cranial breadth and crmvn-ruillp 
measurenents were taken. Mammary tissue from the right breast of 



TABLE 14 

Rep roduct ive 
st atus 

Neonate 
Juvenile 
Nulliparous 
Primigravid 
Gravid 
Lact ant 

Number of fanal es in each category ba sed on 
r eproduc t iv e stat us , in t he captur ed and rel eas ed 
sampl e, and t he ki 11 ed sampl e 

Capt ured & Releas ed Killed 
sarnpl e sampl e 

Routine Seasona 1 i ty Ovul • 
monthly trials tri g. 
sam pl es expts. 

0 1 
27 4 

129 12 6 4 
62 17 1 

120 25 3 
70 11 

Gravid & Lactant 5 '-31 

Pas tl actant 140 10 6 8 

TOTAL 553 83 - 16 12 
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lactating females was rel10ved and vJeighed to the nearest 0,01 9 using an 
electronic balance. 

Histological material and measurements 

The di ssected uteri ne/ovari an systens I'.'ere further di ssevered for 
histological preparation. The ovari es , complete lllith ovarian bursa and 
oV 'iducts "Jere cut from the uterine horns and the uterine horns v/ere 
excised from the vagina at their point of divergence. The four pieces of 
reproductive tissue obtained from each female were fixed in 10 % formal 
saline fora minimum of 48 hours and routinely anhedded in paraffin wax 
(APPE ND IX IV). Ovaries were roughly sectioned at 10 ~m until the max imum 
width was almost reached. Ten sections at 5 ~m I'lere then mounted, ten 
discarded, ten mounted, and this procedure was continued until 30 mounted 
sections had been obtained per ovary. The uterine cornua VJere roughly 
sectioned in the transverse plane until the middle of the cornual length 
had been reached. Ten sections at 5 ~m were mounted, ten discarded and 
ten mounted, giving 20 mounted sections for each uterine horn. (In three 
individuals complete serial sectioning of ovaries and uterine horns was 
carried out). Ovarian and uterine sections were stained with haanatoxylin 
and eosin (APPENDIX V) and microscopically examined, using an eye-piece 
graticule for all measurenents. 

Ova ri es 

Five categories of follicle were recognized (after Mossman & Duke, 1973) 
and identified for counting and measuring, by the follo\'ling features: 

(a) Primordial: oocyte \'lith single cell thick layer of squamous 
epithel i um. 

(b) Primary: oocyte \'lith single cell thick layer of simple columnar 
epithel i um. 

(c) Secondary: oocyte surrounded by a clear zona pellucida and t\'IO or 
more layers of stratified cuboidal epithelium (granulosaL \'lith no 
evidence of vesicular fluid. 

(d) Vesicular: oocyte surrounded by granulosa containing fluid filled 
intercellular spaces. For the purposes of this \'wrk three types of 
vesicular follicle were recognized: 

( i ) Early: 
pockets 
di amet er. 

granulosa containing one or more ~nall isolated fluid 
(no single follicular antrum), usually <300 pm in 

(ii) Intennediate: granulosa containing a single follicular antrum 
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campl etely surroundi:19 the oocyte and its cumul us oophorus, but 
without massive antral enlargement, <500 ~m in diameter. 

(iii) Late: enlarged antrum ~/ith eccentrically po~itioned oocyte and 
cllmu-Ius, >500 1.1111 in d-iameter. 

(e) Atretic: For the purposes of this study, atresia was only counted in 
secondary and vesicular follicles. Also, "it was only recognized as 
occurring from the midpoint in the process when the cumulus oophorus 
disint egrates. Follicles sllmving evidence of this and the successive 
stages up to the shrivelled rellnants of the zona pellucida in the 
stroma, were counted as atretic. 

The ovarian section providing the greatest area was used to count the 
total number of all five follicle types and to measure the mean 
maximum diameters of the secondary and vesicular follicles including 
the theca externa for each ovary. 

The area 
calculated 

of the corpu_s luteum of pregnancy 'A/hen present, 
by mult i plyi ng together tV'IO measurements taken at 

was 
right 

angles to each other, one of which was always the greatest width. 

uteri ne cornua 

Five histological uterine measurements \;tere taken, using the section 
providing the greatest uterine area: 

(a) The minimum and maximum diameters of the uterine cornual lumen. 

(b) The minimum and maximum endometrial thickness including -the 
endometrial epithelial layer. 

(c) The total number of endometrial glands in one section. 

(d) The minimum and maximum myometrial circular muscle thickness. 

(e) The mean height of the epithelial la.yer taken from 30 measurements. 
Uteri ne measurements were not taken from gravid uteri ne horns. 

In the reproductive analysis, follicle numbers per animal are 
presented as the combi ned number from both ovari es, whereas all 
ovarian and uterine measurements are given as tile mean value from 
1 eft and right sides (except in pregnant feillal es \~here a uteri ne 
measurement from the non-gravid uterine horn alone \~as used). 

5.2.1.1 Routine monthly samples 
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Eighty th ree female s were killed for routine monthly sampl es to 
provide informati on Oil the anatomy and histology of the reproductive 
systan~ age at first oestrus and at first conception, seasona l ity in 
ovarian and uterine t 'is sues and the breeding cycle fr om ovulation to 
parturition (TABLE 14) . 

5.2.1.2 Seasona li ty trials 

FIGURE 49 shows th at 84,0 % of all conceptions occur in May, 
Jun e and July. A decreas e to 3,3 % occurs in August, 2,3 % in 
Septanber and a sl ight increase to 4,2 % 'in October. No 
concept ions occurred in January to April. This apparent 
reproductive seasonality Vias investigated in more deta'il by 
examining four groups of bats (16 in all) (TABLE 14) in cage 
acclimatized conditions with the following objectives: 

Group 1. To determi ne if there is a signific ant increase in 
vesicular follicle development during June. 

Six females ~"ere used, t\'IO postlactant, three nu'lliparous and 
one gravid (in order to determine the condition of the ovary of 
the non-gravid side). All six females Here kept in an outdoor 
cage isolated from male cont act (but not sound or sight) for tViO 
weeks prior to the start of the period of trial. They were then 
killed at \'/eekly intervals commencing on 26 ~1ay 1981 and 
finishing on 3 July 1981. 

Group 2. To determine if there is a significant reduction in 
number and size of vesicular follicles during August. 

Four females \'/ere used, two postlactant, one nulliparous and one 
primigravid (in order to investigate any simi1 al' follicular 
changes in the ovary of the non-gravid side). All four bats 
\'Iere kept in an outdoor cage, isolated from male contact (but 
not sound or sight) for a minimum of two months. Three were 
killed at \'/eekly intervals fY'om 17 August 1981. The fourth (a 
postlactant) was transferred to the cage with the sexually 
active male on 9 August 1981 and killed three weeks later. She 
was postlactant at death. 

Group 3. To determine if there is a significant 
number and size of vesicul ar follicles 
compared to Augu st and Sept Ember. 

increase in 
during October 

Three females were used, blo postlact ant and on e gravid. All 

three bats \~er e kept in an outdoor cage i so 1 at ed from rlla 1 e 
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contact (but not sound or sight) for a mlnlmum of five months. 
Two were killed on 19 October 1981. The third (a postl actant ) 
was transferred to the cage containing the male on 9 October 
1981 and kill ed 011 2 November 1981. She '''dS gravid at death. 

Group 4. To cietermine if there is a depression in vesicular 
develo rment during January and February and if 
conceptions during this time can occur. 

Two females, both nulliparous were kept isolated from male 
contact (but not sight or sound) from July 1980 until 19 
February 1980 \~hen they were kil'led. One other femal e, a post 
lactant was captured in June 1981 and kept isolated from male 
contact until 15 January 1982. She \lias then transferred to the 
male cage and killed a month later, on 15 February. She was 
postlactant at death. 

5.2.1.3 Ovulatory trigger experiments 

Two experiments were conducted usi n9 12 bats (TABLE 14) to try 
to determine the prOXimate causes of breeding and the cues for 
oestrus onset/ovulation. 

Experiment 1 To determine if the presence of a male is 
necessary to initiate oestrus 
onset/ovul at i on. 

A total of !;even femal es, all captured at the end of April 1980, 
were used for this experiment. Four females, (two postlactant 
and two nulliparous) were caged together in an indoor sound 
proofed cage, without a male and with the normal light regime 
and standard cage food, from 1 May 1980 until they were killed 
on 23 June 1980. Three females, (h/O postlactant and one 
nulliparous) acted as the control. They \'1ere held ;n an outdoor 
cage with a male from 1 May 1980 until they were killed on 23 
June 1980. 

Experiment 2 To determine if short photoperiod initiates 
oestrus onset/ovulation. 

Five femal es \'.'ere used, all of \~hich had been captivity 
acclimatized for a minimum of f -ive months. They Here placed in 
indoor controlled environment rooms (using 'Gro-lux' fluorescent 
tubes as the 1 ight source) on 15 January 1982, \'/here the 
tenperature was at ambient (24 0 C - 27° C). Calling males could 
be heard and standa rd cage food \'/a $ suppl i ed. 
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Four fenal es, three postl actant and one null i parous \~ere 

subjected to rapidly shortening daylength over 14 days, changing 
from the January Cllrrent dayl ength (05hOO - 19hOO) to the mid 
June daylength (06h45 - 17hOO). They \'1ere then maintained at 
this daylength until sampled on 4 March 1982. 

A single postlactant female acted as control (a further three 
control femal es escaped), bei ng exposed to the current January 
to March dayl engths unt il sampl ed on 4 March 1982.. 

5.2.2 Date of conception detenninations 

Dates of conception were calculated from t\~O methods of determining fetal 
age: 

(a) Fetal age determination from live in utero fetuses. A method \~as 

devised by \vhich the date of conception could be determined by 
palpation of the uterus and fetus in live g.ravid females. This 
technique greatly extended the usefulness of \vild live population 
data, by increasing the amount of seasonality information available 
for analysis. 

In the derivation of the technique, it was first necessary to 
determine the length of gestation. This vias calculated from 28 cage 
pregnancies terminating in births, six of v,rhich were cage conceived 
and the date of introduction of the females to the male vias kno\'m. 
The length of gestation deternlined for E. wahlbergi was 160 days (x = 
159,62 days, range = 146 - 170 days). The mean value was rounded up 
to 160, for ease of calculations. 

Throughout pregnancy the gravid femal es were caught and pal pated at 
fornightly intervals. In the early stages of pregnancy the \vidth of 
the s\~ollen uterine horn \vas recorded (until it reached a v/idth of 15 
- 20 mm). When the fetus head coul d cl early be felt, the fetal 
cranial breadth was recorded (usually at a minimum of 9 mm). This 
was carried out throughout the 28 pregnancies providing 61 uterine 
\vidth and 71 fetal crani al breadth measurements. The date of bi rth 
at the end of each pregnancy was recorded and using 160 days as the 
length of gestation, the date of conception was calculated. The 
uteri ne \~idth and fetal crani al breadth measurements were then 
plotted against fetus age from conception (FIGURES 57 & 58), and 
linear regression \'/as used to fit a straight line through the data 
po i nt s. 

These FIGURES \'/ere then used to detenni ne the fetal ages of pal pated 
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FIGURE 57 The relationship between uterine horn width 
(mm) and fetal age in days 

y = -0,22 + 0,159 x; r = 0,913; P < 0,001 
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FIGURE 58 The rel at i onshi p bet\'1een fetal crani al 
breadth (mm) and fetal age (days) 

y = -0,62 + 0,112 x; r = 0,929; P < 0,001 
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fetuses in live gravid bats and ,so calculate their dates of 
conception. 

The monthly percentages of conceptions and births in FIGURE 49 were 
calculated by using FIGURES 57 and 58 to give the dates of conception 
and bi rtl1 in 214 pregnant fema '! es and juvenil es., 

(b) Fetal age determination from dead ex utero fetuses. FIGURES 57 and 
58 could not be used to calculate fetal age and date of conception in 
dead fetuses (coll ected by removal from destructively sampl ed 
fenal es), because the FIGURES take into account the thickness of 
uterine v/alls, fetal menbranes and maternal abdominal thickness, 
which are all absent from a dead 'cleaned' fetus. 

TVlenty three fetuses \'1ere coll ected by destruct ive sampl i ng and thei r 
fetal ages were cal cul ated by the Huggett & ~hddas (1951) method. 
The birth mass was calculated from 28 cage births at 15,96 g (S.E.M. 
= 0,28); the gestation period taken as 160 days, to as 32 and the 
specific fetal grovlth velocity la l was calculated as 0,0197. The 
Huggett & VJiddas fetal gro\'lth curve for E. Hahlbergi is shOl'tn in 
FIGURE 59. 

5.3 RESULTS 

5.3.1 Anatomy and histology of the reproductive systen 

5.3.1.1 Gross anatomy of the reproductive tract (FIGURE 60) 

The left and right ovaries of E. wahlbergi did not differ 
significantly in size (P>O,l), the mean length in the infant 
being 1,30 rml, in the juvenile 1,43 mm and in the nulliparous, 
postlactant and gravid females 2,43 mn. The ovaries are 
smoothly globose, encased in a thin tunica albuginea and 
cQnpletely enclosed with the oviduct in an ovarian bursa (PLATE 
18). The oviduct 6l1erges laterally from the cephalic end of the 
uterus and curves medially in an unlooped manner around the 
ovary, tenllinating in the infundibulum which closely adheres to 
the medio caudal surface of the ovary. Capillaries forming the 
anastomosis tubo-ovarica are visible between the ovary and 
oviduct. The arteria ovarica and the ovarian suspensory 
ligament energe from the cephalic pole of the ovary. 

The uterus is bicornuate and in nulliparous and postlactant 
animals there is no difference in length between the left and 
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FIGURE 59 Huggett & Widdas (1951) fetal growth curves 
based on gestation length (t) of 160 days, a 
birth mass of 15,96 g and to = 0,2 t 
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FIGURE 60 Gross anatomy of the femal e reproductive 
tract (ventral view) 
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right uterine horns (P > 0,1). Mean lengths and \'1idths of 
uterine horns for infants, juveniles, nulliparous and post 
lactant females are sho\Yn in TAI3LE 15. At the junction of the 
uterine cornua, within the lumen, a trilobate septum is 
situated. The arteria uterina is closely applied to the outer 
lateral surface of the uterine horns up to their cephalic ends 
\'1here it passes dorsally and merges into the arteria ovarica. 
The vagina is a thin walled tube with a mean length of 11,4 mm. 
A sl ight1y pigmented clitoris is present at the vul val exit. 

5.3.1.2 Histology of the ovary 

Microscopic examination of the ovary confinned the presence of a 
canplete bursa ovarica, comprising the recurved oviduct and 
mesosalpinx, and the close proximity of the ovary to the uterine 
tissue at its caudal pole (PLATE 18). The infundibular opening 
of the oviduct is capacious and completely enclosed within the 
bursa, oppos ite the indented ova ri an surface wh i ch forms the 
ovulation pit (PLATE 19). 

The main gonadial structures examined were present in the 
ovarian cortex. PLATE 20 sho\'JS the characteristic localized 
mass of primordial follicles, scattered primal"y, secondary, 
early vesicular follicles and a secondary follicle undergoing 
atresia at the stage of zona pellucida dissolution. PLATE 21 
shows a late vesicular follicle occupying a large proportion of 
the ovarian volume. The mean diameters of the five categories 
of follicle recognized are given in TABLE 16. 

After follicular rupture, a single mass of glandular tissue, the 
primary corpus luteum foms by enlargEment and multiplication of 
the follicular epithelium (granulosa cells). PLATE 22 ShOh'S a 
developed primary corpus luteum of a 20 day pregnancy, 
compnslng a solid spheroidal mass of large polyhedral gland 
cells, supplied by sinusoidal blood. 

Polyovular follicles have been reported for several mammalian 
species (Mossman & Duke, 1973) and Van der Merwe (1979) noted 
their presence in the Microchiropteran Miniopterus schreibersi. 
,~ single example of this abnorT.1ality \'Ias observed in a three 
month old nulliparous female (PLATE 23). 

5.3.1.3 Histology of the uterus 

The microscopic structure of the uterus follo\'1s the usual 
mammalian pattern with a glandular endometrium and muscular 



TABLE 15 

Infants 
Juvenil es 
Nulliparous 
Postl actant 

The mean lengths and widths of uterine horns in 
infants, juveniles, nulliparous and postlactant females 
measured in mm 

uterine length uterine width 

x S. E. t~. range n x S.E.M. range n 

6,65 1 1,00 1 
4,55 0,35 4,15-5,25 4 1,13 0,02 1,10-1,15 4 
6,13 0,46 4,50-7,40 12 1,34 0,11 1,00-1,70 12 
6,73 0,49 5,60-7,60 10 1,91 0,15 1,45-2,38 10 
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PLATE 18 Sections through the ova)~ and oviduct, 
showing complete bursa ovarica and proximity 
of uterine horn (arrowed) (x 30) 

PLATE 19 Infundibular opening opposite ovulat~on pit 
(arrowed) within the bursa ovarica 
(x 30) 

PLATE 20 Primordial, primary, secondary, early 
vesicular follicles and a secondary follicle 
undergoing atresia 
(x 30) 
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TABLE 16 t1ean diameter (11m) of the five categories of follicle 
recognized 

Type of follicle x S.E.M range n 

Primordi al 28,9 0,8 22 - 37 83 
Primary 105,6 2,4 80 - 126 77 
Seconda ry 146,9 2,5 90 - 288 77 
Early vesicular 210,2 3,6 105 - 312 68 
Intennedi ate ves icul ar 291,1 11,8 168 - 405 23 
Late vesicular 916,0 141,6 555 - 1905 10 
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PLATE 21 Late vesicular follicle 
(x 30) 

PLATE 22 A developed primary corpus luteum 
(x 30) 

PLATE 23 Polyovular follicles (arrowed) 
(x 30) 
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myometrium of varying thicknesses surrounding a lumen of 
variable shape and volume. 

In pubertal and sexually mature females three conditions of 
uterine horn were recognized (partly based on those described by 
Gopalakrishna (1949) for Scotophilus wroughtoni); inactive 
(PLATE 24); active (PLATE 25) with significantly larger mean 
maximum lumen diameter (P < 0,001), mean maximum endometrial 
thickness (P < 0,001), mean number of endometrial glands per 
section (P < 0,001) and significantly taller epithelial layer 
(P<O,OOI) than in the inactive state; postparous (PLATE 26) 
characterized by the large (often greatly involuted) lumen and 
significantly fewer endometrial glands per section than in the 
i nact ive (0,001 < P < 0,005) or act ive (P < 0,001) states. TABLE 
17 provides the uteri ne horn measurements "/hich are useful in 
distinguishing the three uterine horn conditions. 

Probably as a result of the spread of conceptions and births 
over several months, these conditions were not refl ected in 
significant monthly va ri at ions in these ut eri ne horn 
measurements (except in epithel i a 1 height, see 5.3.3.2). 

The microscopic structure of the uterine horn changes towards 
the cephal ic end. PLATE 27 shows a section through the body of 
the horn and PLATE 28 shows a section through the same uterine 
horn at the cephalic pole. The lumen becomes less well defined 
and is replaced only by a small concentration of endometrial 
glands. 

Puberty and sexual maturity 

When the ovaries contain only primordial follicles, this signifies 
prepubertal females (PLATE 29) and this stage was found to occur from 
birth to 2,2 months old. The additional presence of primary follicles 
\'1ith no later stages of follicular development \iaS used to indicate the 
onset of puberty (PLATE 30). This \'1as observed in only one specimen of 
2,5 months of age. 

The proestrous phase \'1hich marks the onset of the oestrous cycl e, occurs 
when the ovary is first activated by gonadotrophic stimulation resulting 
in the fonnation of developing vesicular follicles (Bernard, 1980; Clegg 
& Clegg, 1963), taken for the purposes of this work as intennediate 
vesicular follicles. This first took place at a mean age of 5,6 months 
(S.E.M. = 0,3; range = 5,0 - 6,0 months; n = 3). 

Racey (1974a) defined sexual maturity as being attained at the start of 
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PLATE 24 Inactive uterine horn 
(x 40) 

PLATE 25 Active uterine horn 
(x 40) 

PLATE 26 Immedi ately postparous uteri ne horn 
(x 40) 
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TABLE 17 Uterine measurements for inactive, active and 
postparous uterine horns 

Uteri ne horn 
measurEment 

Max. lumen diameter ( ].lm) 
I~ax. endomet ri a 1 
thickness (].lm) 
No. endometrial 
glands/thin section 
Height of epithelial 
1 ayer (].lm) 

Max. lumen diameter (].lm) 
Max. endomet ri a 1 
thickness (].lm) 
No. endometrial 
glands/thin section 
He i g h t of ep it he 1 i a 1 
1 ayer (].l m) 

Max. lumen diameter ( ].lm) 
Max. endometrial 
th i cknes s (].lm) 
No. endcxnet ri a 1 
glands/thin section 
Height of epithelial 
1 ayer (].lm) 

*** P < 0,001 
** 0,001< P <0,005 
* O,Ol<P<0,05 

Inactive uterine horn 

x s. E. 14 range 

224,64 24,91 68-525 
193,18 7,63 132-292 

23,86 3,09 4-64 

10,08 0,51 5,10-15,30 

Active uterine horn 

480,78 31,23 156-750 . 
395,52 22,18 206-675 

107,89 9,19 42-200 

13,38 0,45 8,50-16,76 

Postparous uteri ne horn 

672,50 71 ,50 525-975 
321,17 50,27 200-540 

4,67 1,98 0-12 

14,30 0,81 11,16-16,43 

t for difference 

n Inactive/active 

22 6,35 *** 
22 7,76 *-A'* 

22 5,72 *** 

22 4,78 *** 

Active/post-
parous 

27 ' 2,63 * 
27 1,37 

27 5,13 *** 

27 0,88 

Postparous/ 
i nact ive 

6 7,12 *** 
6 4,10 *** 

6 3,08 ** 

6 3,84 ** 
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PLATE 27 Section through the body of the uterine horn 
(x 40) 

PLATE 28 Section through the same uterine horn at its 
cephalic pole 
(x 40) 
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PLATE 29 Ovary fran a prepubertal female showing 
presence of primordial follicles only 
(x 40) 

PLATE 30 Ova ry fran a fena 1 e at the onset of puberty 
shoving the presence of primordial and 
primary follicles 
(x 40) 
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first oestrus, which is characterized by the presence of a single late 
vesicular preovulatory follicle (Bernard, 1980) and taken here as the 
presence of late vesicul ar follicles. · As this brief phase was missed in 
the killed sample of nulliparous females, the age at first oestrus and 
therefore the attainment of sexual maturity can only be estimated as 
occurring between the mean age at first proestrus (5,6 months) and at 
first conception (see below, 6,2 months), at approximately six months of 
age. 

Fanale puberty was taken therefore as occurring .from the first presence of 
primary follicles in the ovary, through the proestrous phase of the 
oestrous cycle up to the attairment of sexual maturity at first oestrus 
(2,5 - 6,0 months). 

The mean age at first conception was calculated from six primigravid 
females from the routine monthly killed sample and 21 from the recaptured 
and released sample, all with pregnancies of 35 days or less (palpated 
uterine width of 5,5 mm or less). The gestation age of the pregnancy was 
then subtracted from the females' age to provide age at conception. The 
mean age at first conception was 6,21 months (S.E.M. = 0,24; 
range = 3,37-7,83 months; n = 27), (with body mass varying from 55 to 82 
g). 

The onset of 
length grm'tth, 
foreamJ 1 ength 

puberty coi ncides with the latter stages of rapid foreamJ 
while the attainnent of sexual maturity occurs before the 

asymptote is reached at 8,5 months (3.3.1.3). 

5.3.3 Seasonal ity 

FIGURE 49 summarizes reproductive seasonality in the species in terms of 
births and conceptions from the wild population data. The majority of 
conceptions (84 %) occur in May to July with the remaining 16 % occurring 
from August to December. Fran this FIGURE it can be concluded that the 
reproductive pattern is of the seasonally polyoestrous type and that 
although either one extended pregnancy period or two pregnancy periods 
occur annually, all fanales do not undergo two successive 
conceptions/pregnancies each year. 

It is clear that a seasonal pattern exists, but several pertinent 
questions i'emain unans~·/ered. Is the seasonally polyoestrous pattern of 
the extended season type with a bi rth peak in Nov6l1ber and a tail to June, 
or is it of the bimodal type ''Ii th a ma in peak in November and a second 
minor peak in April? What percentage of the female population only 
undergo the pregnancy temi nat i ng around November, only undergo the 
pregnancy teminating around April (if any) andl.mat percentage actually 
participate in both pregnancies successively? 
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Composition of the reproductive status of the \'Iild population, and monthly 
changes in selected ovarian, uterine and mammary criteria from the routine 
monthly samples and seasonal ity trials have been used in an attempt to 
answer these questions. 

5.3.3.1 Reproductive status composition of the wild population 

FIGURE 61 shoHs the monthly percentage of neonates and juvenil es 
of both sexes in the total catch • . Most of these animals (99 %) 
were two to three months of age, because unless carried in 
flight by the mother, non-volant juveniles were not netted. The 
main peak in numbers therefore occurred in February. Juveniles 
were found through until August. No infants or juveniles were 
caught in Septanber and October. 

FIGURE 62 (a) to (e) shows the monthly percentages of 
nulliparous, primigravid and gravid, lactant, postlactant, and 
gravid and lactant femal es in the total femal e catch. 

Null i parous fanal es range from three months old with a full 
permanent dentition to approximately six months old (before 
first conception). The main peak in numbers occurred in April 
(two months after the main infant/juvenile peak) with a steady 
decrease until Septenber. 

Analysis of pregnancy data reveals that gravid animals could be 
found in all months of the year except May. Numbers of gravid 
fenales increased from June to October when 92,3 % of the total 
femal e catch were found to be pregnant. A decrease from 85,0 % 
to 26,3 . % occurred from November to December indicating 
parturition. Gravid females continued to form a small 
percentage of the total female catch (4,0 % to 12,5 %) until 
Apr i 1 • 

Lactant femal es \'Iere found in eight months of the year, the 
greatest percentage (73,7 %) occurri ng in December. Fran 
February to March the percentage decreased sharply from 44,4 % 
to 6,3 % and from then unt i1 June small percentages of 1 actant 
females (6,5 % to 11,1 %) \'Iere found. 

The largest percentage of postlactant females enter the 
population in March. Fran June the numbers decrease to October, 
and in Nov611ber and Decanber no postl actant females \'Iere 
evident. 
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FIGURE 61 Monthly percentage of neonates and juveniles 
of both sexes in the total catch (n = 66) 
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FIGURE 62 Monthly percentage of nulliparous (n = 129) 
(a), primigravid and gravid (n = 182) (b), 
lactant (n = 70) (c), postlactant (n = 140) 
(d) and gravid and lactant (n = 5) (e) 
fenales in the captured and released female 
sampl e 
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These results indicate one main breeding season tenninating in 
births in November and December in which most females (92,3 % of 
the female population) participate. Low intensity breeding 
cont i nues produc i n9 bi rths from January to June i nvo 1 vi ng a 
small percentage of the fenale population (approximately 5 % are 
pregnant in April). Obviously those fenales giving birth in 
February and 1'1arch cannot be undergoing a second successive 
pregnancy (after giving birth in November or December), but \'/ere 
probably late in conceiving during the main season, perhaps due 
to a miscarriage. However, births from April to June could be 
the result of a second successive pregnancy following a post 
partum conception. Evidence for this is shown in FIGURE 62 (e). 
Gravid and lactant females were caught in November and January 
and in June and July t suggest i ng that a small percentage of 
fooalE's undergo t\'10 pregnancies per year. It is impossible to 
estimate what percentage of the female population may undergo 
the pregnancy tenminating around April. 

It woul d appear therefore that approximately 5 % of femal es 
pregnant in January and June are composed partly of 'tail
enders' from the main season and partly of postpartum conceivers 
undergoing a second successive pregnancy. The 'tail-enders' 
giving birth merge into the births of the second pregnancy 
fooales. Seasonally polyoestrous with an extended season 
therefore better describes the female reproductive pattern than 
truly bimodal. 

FIGURE 63 further oophasizes the seasonal breedi ng trends. 
Using the mean uterine horn widths and fetal cranial breadths 
for each month, clear evidence of the main pregnancy period 
culminating in births in Novoober and December and some evidence 
of a second pregnancy period up until April, can be seen. 

5.3.3.2 Monthly variation in ovarian, uterine and mammary. 
criteria 

Ovary 

FIGURE 64 ShOHS the monthly variations in primordial, primary 
and secondary follicle numbers. Primordial and primary follicle 
numbers shOll no significant monthly variations, but there is a 
significant increase in secondary follicle numbers in April, May 
and June compared to the rest of the year (z = 3,42; P < 0,001). 

FIGURE 65 shO\'Is the monthly variations in early, intennediate 

and late vesicular follicle numbers. There is a significant 
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FIGURE 63 Monthly palpated uterine horn widths and 
fetal cranial breadths (n = 187) 

(vertical li ne - range, crossbar - mean, 
broad portion of vertical line - S.E-M.) 
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FIGURE 64 Monthly variations in primordial (a), primary 
(b) and secondary (c) ovarian follicles in 
the routine monthly samples (n = 78) 

(vertical li ne - range, crossbar - mean, 
broad portion of vertical line - S.E.M.) 
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FIGURE 65 Monthly variations in early (a), intennediate 
(b) and late (c) vesicular follicle numbers 
in the routine monthly samples (n = 78) 

(vertical li ne - range, crossbar - mean, 
broad portion of vertical line - S.E.M) 
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increase in early vesicular follicle numbers in April, May and 
June (z = 3,38; P <0,001). Intemlediate vesicular follicles 
were only found from April to November and late vesicular 
follicles from June to October (PLATE 31). The proestrous phase 
of the oestrous eye 1 e therefore commences in f\pri 1 with the 
appearance of intermediate vesicular follicles and continues 
into the oestrous phase in June with the appearance of late 
vesicular follicles. 

Follicle numbers used were from combined left and right ovaries 
including those from gravid animals. As the majority of females 
(79 %) ''1hich \~ere used to provide the June to November data \'i'ere 
pregnant, it can be seen that follicular development does not 
cease after conception, but continues during pregnancy (PLATE 
32). Four gravid females \'i'ere found to have late vesicular 
follicles in the ovary of the non-gravid uterine horn. In t\-IO 
of the females these occurred during the first 30 days of 
pregnancy and \/ere starting to show the first signs of atresia. 
I n the other two females they occurred in the last 50 days of 
gestation and \'Iere in the other ovary which was not responsible 
for the current pregnancy. This suggests a possible preparation 
for a postpartum oestrus and conception and is dealt with in 
further detail in 5.3.5.1. 

Mean monthly secondary, early, intennediate and late vesicular 
follicle sizes were examined for seasonality, but no significant 
variations were found to occur. 

Atresia was also investigated for seasonality (FIGURE 66). The 
number of atretic follicles was significantly lower during 
February and March prior to the onset of the oestrous cycle than 
in the remainder of the year (z = 4,75; P< 0,001). 

Uterus 

Lumen diameter, endometrial and myometrial thicknesses sho\'/ed no 
significant monthly variations. Uterine epithelial height 
hov/ever shm'led a bimodal pattern (FIGURE 67) ''lith significantly 
greater cell heights in May and June (reflecting the active 
uterine conditions) and in Novenber and December (reflecting the 
postparous uterine condition (z = 3,24; 0,001 < r < 0,005), A 
similar distinctive bimodal pattern vias seen in the mean number 
of endanetrial glands per month (FIGURE 68). Uterine horns in 
July, August, Septanber and in December sho\'led significantly 
larger numbers of endometrial glands than those duri ng the 
renainder of the year (z = 2,60; 0,005< P< 0,01). 
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PLATE 31 Active ovary sampled in June, show·ing 
primary, secondary, early and intermediate 
vesicular follicles 

PLATE 32 Ovary of the non- grav i d uteri ne horn ina 
pregnant female showing active and atretic 
early and intermediate vesicular follicles 
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FIGURE 66 Monthly 
numbers 
78 ) 

variations in atretic follicle 
in the rout i ne monthl y sampl es (n = 

(vertical li ne - range, crossbar - mean, 
broad porti on of crossbar - S.E.M.) 
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FIGURE 67 Monthly 
hei ght 
(n = 78) 

variations in 
in the routine 

uterine epithelial 
monthly samples 

(vertical li ne - range, crossbar - mean, 
broad portion of vertical line - S.E.M.) 
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FIGURE 68 Monthly variations in the number of 
endometrial glands in the uterus of tile 
routine monthly samples (n = 78) 

(vertical line - range, crossbar - mean, 
broad pOl'tion of vertical line - S.E.M.) 
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Mammary tissue 

FIGURE 69 shm~s the mean mammary gland mass per month. The 
heaviest mammary glands were recorded in December and January 
and again in r~ay and June, reflecting the data provided by 
lactant females from the \'Iild population in FIGURE 62. 

The histological 
fully support a 
Nov enb er /0 eCffilber 
June. 

eV'idence and that from the \'Jild population 
seasonality pattern of a main birth pulse in 
fo 11 owed by a 10\'1 i nt ens ity ext ens i on unt il 

Environmental factors affecting reproduction 

The majority of conceptions occur in ~1ay to July, preceeded by a four 
month per'; od where no concept ions \'Iere found to occur. What factors coul d 
act as triggers for the initiation of oestrus/ovulation/mating at this 
time and so serve as proximate causes of breeding? Likewise the majority 
of births occur in November and Decellber. Are there nutritional or 
climatic a.dvantages at this time which may act as the ultimate cause of 
breeding? 

An attenpt to answer these questions has been made by using a combination 
of controlled experimentation and by examination of the circumstantial 
evidence of climatic and nutritional seasonal variations. 

5.3.4.1 Proximate causes of breeding 

'Breeding' is a general tenn and is used to refer to the entire 
reproductive event series from the onset of the oestrous cycle 
through to parturition. When dealing with proximate causes of 
breeding it is the early sequence of these events which are 
relevant. In this work the histological rather than the 
behavioural manifestation of breeding was investigated, and the 
specific histologically identifiable event chosen to represent 
'breedi ng I \'Ias the onset of oestrus, recogni zed by the presence 
of late vesicular follicles. Tvw other 'breeding' events, the 
onset of proestrus and ovulation were rejected, because 
proestrus is approximately t\'IO months l~emoved in time from 
conception, and ovulation, despite attenpts to witness evidence 
of its occurrence (seasonality trials) Has not observed. 
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. , 

FIGURE 69 Monthly variations in the mass of mammary 
tissue of the routine monthly samples (from 
one side only) (n = 68) 

(vertical li ne - range, crossbar - mean, 
broad portion of vertical line - S.E.M.) 
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Assuming that specific triggers exist for oestrus onset (instead 
of this event being a sim~ e continuation from proestrus), two 
possible external triggers \'Jere experimentally tested, namely 
male presence and the short June photoperiod. 

i~al e pr esence 

Captive females caged continuously with an adult male for 
periods of two years continued to sho\" breeding seasonality. It 
is unlikely therefore that a simple male presence at fixed times 
only results in this seasonality. HO~Jever, it has been sho\11I1 
that male calling is significantly greater in May to July 
(FIGURE 53) and even though it was not conclusively proved that 
the sonic quality of the call is different at this time of the 
year (FIGURE 54), calling or another perhaps pheromonal changes 
in the male could act as a breeding cue. 

Ovul atory triggers, Experiment 1, was des igned to test the 
importance of male presence. Although the occurrence of late 
vesicular follicles indicating oestrus, was used as the main 
indicator, the four ovarian/uterine criteria which were found to 
be significantly greater in June routine killed samples 
(5.3.3.2, FIGURES 64, 65 and 67) were also examined in the 
experimental animal s. 

The five criteria, namely secondary, early vesicular, 
intermediate vesicu1ar and late vesicular follicle numbers and 
uteri ne epithel i um height from the experimental bats were 
coolpared Hith both .the control animals and the June routine 
killed sample (TABLE 18). No significant differences in any of 
the criteria were found to occur. Fran this it was concluded 
that Eo wahlbergi females could proceed to oestrus in the 
absence of sight, sound or smell of a male. 

Photoperiod 

FIGURE 70 sho\'.ls that the /'1ay to July conception peak coincides 
\'I'ith daylengths less than eleven hours. This circumstantial 
ev idence suggest cd that dec rea s i n9 or shol~t photoperi od may be 
an obligatory factor and ovulatory trigger. Experiment 2, was 
designed to test if shortening photoperiod to the minimum June 
daylength could induce oestrus onset. 

The ovarian and uterine criteria measured in the short 
photoperiod animuls, killed in ~1archt \'tere compared \1ith the 
March routine killed sample combined with the single control 
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TABLE 18 Fiv e ovari an / uter'ine criter i a from f emales kept i n the 
ab sence of a mal e, compared with those f rom th e control 
and Ju ne rout i ne kill ed sall1pl e. (results of Ovul at ory 
tri gger Ex pe r im ent 1) 

n x S.E . M. range com par i son t for 
di f fer ence 

- -
Secondary follicle no. 

Expe r imenta l ~~ (no mal e) 4 9,50 2, 22 5-15 
Contra 1 (with mal e) 3 10,67 4,06 4-18 Expt./con t l 0,23 
June s alll p 1 e ( vd t h rna 'I e) 9 13,00 2, 24 7-26 Expt./June 0,88 

". ----
Ea rly vesicul ar folli cl e -

I 

pQ. 

Experimental~ ~ (no male) 4 9,0 2,08 4-t4 
Control (with mal e) 3 10,57 7,67 3-26 Expt. /Cont ro 1 0,20 
June sample (with male) 9 6,89 1,15 3-12 Expt ./June 0,88 

-
Intennedi at e ves icul ar 
follicle no. 

Eiperiment a l ~~ (no male) 4 0,75 0,48 0-2 
Cant rol ( \'1 it h ma 1 e) 3 0,33 0,33 0-1 Expt. /Cont ro 1 0,58 
June sample (with male) 9 2,56 1,07 0-8 Expt ./June 1,02 

Late vesicul ar follicle 
no. 

Experimental ~ ~(no male} 4 0,25 0,20 0-1 
Cant ro 1 (~'/ith male) 3 0,67 0,67 0-2 Expt. /Cont ro 1 0,72 
June sampl e (Hi th mal e) 9 0,11 0,11 0-1 Expt. /J une 0,56 

Uterine e~ it~elial 
height ( \Jill) 

Experimental ~~( no md 1 e) 4 13,88 0,79 12,64-
16,19 

Cont ro 1 (with mal e) 3 12,68 0,89 11,78- Expt. /Cont ro 1 0,85 
14,47 

J u n e sam pie ( vii t h ma 1 e) 10 13,G9 0,81 8,84- Expt./dune 0,13 
16,83 

1-, --- -- -~ 
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FIGURE 70 Hours of daylight at 30° S (solid curved 
line) (taken from FIGURE 12) in relation to 
the monthly percentage of conceptions (bars) 
(taken fr~n FIGURE 49) 
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FIGURE 73 f~ean monthly rainfall (from FIGURE 9) and 
monthly percentage of fruiting trees (from 
FIGURE 13) in relation to the percentage of 
1 act ant f ena 1 es per month in the captured and 
released fanale sample (from FIGURE 62 (c)) 
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FIGURE 74 Variations in the timing of oestrous cycles 
and the estimated percentage of the fenale 
population· participating in each time 
variation 

1 - 9 represents each time variation for the 
annual cycles 

The double hor; zontal 1; ne, di vides the 
annual cycles \~ith a single pregnancy, from 
those with two pregnancies 



1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

Estimate of the % ~ population 
\-__________ ....,. undergoing the 9 cycle timings 

1
······l.I ......... l ... II~ ~~~~~~~~~ 
• • • .. • • • • .. • .. • ·;:::···.·:·;·::::::;:··::·::::::d 

I • • • • • • • • • • • 1::::""::1::::''1''',{,';; ..................... ••••• :~:m:.::.::::':.:.:::·:::£:{.:·::· 

~%ViWWH~ 
~Mi;;~i;tin::~ 
~#i;"!i\;j~ 
r ... ---r 

~ F M A M ~ ~ A SON D 

SUMMER AUTUMN · . WINTER , SPRING . 

9 

48 

24 

4 

2 

3 

2 

5 

3 
anoestrus 

::~ proestrus 

oestrus 

pregnancy 

lactation 



L08 

FIGURE 75 Number of intennediate and late vesicular 
follicles in the non-active ovary in ten day 
units during pregnancy 

(vertical 1; ne - range, crossbar - mean, 
broad portion of vertical line - S.E-M.) 
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TABLE 20 

Follicl e 

Intennedi ate 
vesicular 

Late 
vesicular 

Nu mber of int ennediate and late vesic ular follicles 
occur ring in the non-active ovary dur ing the three 
st ages in gestat i on; 0-50 days, 51-100 days and 101-
160 days. Comparison of the mean values for the la st 
tlli rd of pregnancy \'1ith the mean va"' ues obtai ned from 
the June ki 11 ed sampl e 

stage in n x S. E. r·1. range compar i son I'li t h 
ges t ation June sampl e 

(day s) 
t for 

difference 

0-50 23 0,48 0,27 0-5 
51-100 15 0 0 0 1,26 

101-160 11 0,80 0,80 0-8 

0-50 23 0,05 0,05 0-1 
51-100 15 0 0 0 2,04 * 

101-160 11 0,30 0,21 0-2 

* 0,05 < P <0,1 

209 
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gestation period (0-50, 51-100 and 101-160 days). In order to 
exallli ne the possibil ity that the presence of these fall icl es are 
indicative of a ptoestrus/oestt"us period occurring in some 
animals during the latter stages of the winter/spring pregnancy 
in preparation for a postpartum oestrus/ovulation and successive 
conception, the mean follicle numbers for the l ast third of 
gestation (101-160 days ) Vlere compared with the mean follicle 
numbers for the month of June, when the main \'linter oestrus 
occurs. Two out of 49 pregnant fema les sampl ed (4,1 %) 
exhibited intennediate and late vesicular follicles in the last 
third of gestation. TABLE 21 ShOI'l5 there \'/as no significant 
difference between the June values and those for the last third 
of gestation for the intennediate vesicular follicles (t ::: 1,26; 
P > 0,1) and the late vesicular follicles (t = 2,04; 
0,05<P<0,l) • 

FIGURE 74 shows that two patterns of breeding occur. In the 
first pattern there is one oestrous cycle per year, with one 
period of pregnancy, lactation and anoestrus (FIGURE 74, 1-6). 
Concept ions in th is pattern may occur from May to October, with 
the majority in June. A poss -jble explanation for the small 
percentage of conceptions occurring ufter the main ~1ay to July 
peak, could be that these animals had aborted in the early 
stages of pregnancy from a concept i on dur-j n9 May - July and 
conceived- again. Supportive evidence for this was obtained from 
t\'iO caged animals. One female i'laS palpated as pregnant in July, 
aborted between 23 August and 15 September (after approximately 
75 days of gestation) and Has killed on 18 Septenber. This 
animal was found to be in oestrus with one large late vesicular 
follicle close to r~pture (1905 0m in diameter). A second 
animal aborted a 153 day fetus on 4 January. She vias killed on 
9 January and found to have neither intennediate or late 
vesicular follicles in the ovaries. This is consistent with 
conceptions occurring from May to December but not from January 
to April • 

In the second pattern of breedi 119 hlo oestrous cycl es per yeal~ 

occur with t\'/o periods of pregnancy and lactation (FIGURE 74, 7-
9). Conceptions in this pattern may occur from May to July and 
fran October to December. These animal s appea r to prepa re for 
the successive pregnancy by developing intennediate and late 
vesicular follicles in the non-active ovary during the latter 
stages of pregnancy. This;s follol'led by a postpartum 
oestrus/ovulation. 

5.3.5.2. Implantation 
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In three species of Megachiroptera revi elr/ed by vJimsatt (1979), 
the uterine cornua and ov ar ies \'/ere physiologically equa l but 
functionally asymmetric a l~ \'lith ovaries and uterine horns 
alternating i n successive years. Within a sample thi s r esulted 
in 50 % impl antations in the right and 50 % in the left cornu. 

Although th e left and right uterine horns and ovaries in 
E. wahlberg i appea r equal in size and shape, it \Vas foun d that 
out of 49 pregnant fema l es, 69,7 % had a right irnplantat -ion and 
30,3 % had a left implantation and this difference was 
significant (X 2 = 7,36; O,005<P < 0,01). HO\~ever it was also 
observ ed that in femal es und ergoing a second successive 
pr egnancy (gravid and lacta nt fema les), the ne\ll implantat ion \lIas 
in the other uterine horn, suggestin~J an alternation of cornu 
and ovary in successive pregnancies, in individuals having t\~O 

per year. 

Localized progestational endometl'ial reaction in the distal end 
of the uterine horn on the ovulating side has been recorded for 
Pteropus giganteus (Marshall " 1949; 1953), 
Rousettus leschenaulti (Gopalakrishna & Karim, 1971) and 
Cynopteris sphinx (Ramakrishna, 1950). A similar swelling at 
the distal end of the cornu, adjacent to the ovarian capsule was 
observed in E. \vahlbergi (PLATE 33). By use of TA!3LE 57 the 
gestational age of th e three earliest pregnancies were 
calculated at 19, 20 and 20 days. Serial sectioning of the 
swollen uterine horns showed that implantation had already taken 
place by these ages • . Therefore, although the appearance of the 
SHelling is characteristic of progestational endometrial 
react i on, it cannot be confi nned ; n this speci es because the 
pregnancies examined were all post implantational. 

5.3.5.3 Transuterine ovular migration 

Himsatt (1979) noted that in Pteropids) transuterine migration 
of tile ovum VIas impossible because of the septate uterus. This 
\'Ias confimled in h. \~a~lber9i l vmere in 100 % of the pregnancies 
implantation and the corpus luteum were present on the same 
side. 

5.3.5.4 Corpus luteum 

The persist ence of primi'lry COt'pora lutea in mammals is variable 
dependi n9 on the ext ent to \l/h i ch the pl acenta takes ov e l~ its 
hormonal funct ion and at what stage in pregnancy. Mossman & 
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PLATE 33 Swollen uterine horn, situated at the cranial 
end of the uterus adjaGent to the ovarian 
bursa, in a gravid female \',ith a 20 day 
pregnancy 
(x 3) 
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Duke (1973) r eported that in four Megchiropteran species the 
corpus luteum persis ted throughout gestation and in . t wo ot her 
r~icrochiropteran speci es wa s still present i·n early ' lactation . 
In the one 1'1egachiroptera n speci es examined by th em , 
Pt eropu s vampyr us, the corpu s luteull1 prevailed until mid 
gestat i on . By contrast Go pa 1 akri sh na (1969) r eported th e 
persi stence of the corpus luteum of one pregnancy into mid 
gestation of th e succeeding pr egnancy in Rou sett~ s l eschenau l t i 
and su ggested th at this may be a means of ensuring alter-nat ion 
of ov ari an function. 

In this study no primary corpora lutea Here fou nd in non
pregnant animals. The single corpus luteum of pregnancy "las 
visible to the nak ed eye as a yell 0\1/ spot on the surface of the 
ovary, but was not extroverted. FIGURE 76 shows the 
relationship between luteal size and gestational age. Maximum 
size occurred during the first month of pregnancy and the corpus 
luteurn could be completely absent frofll 130 days onwa rds. It \'/as 
not found in animals immediately prior to parturition or during 
lactation. 

5.3.5.5 Reproductive strategies 

Regular palpation of caged females after first introduction of 
the mal e reveal ed no evidence to suggest that any of the three 
delaying tactics, delayed ovulation, implantation or Embryonic 
development used by some Chiropteran species, were Employed by 
E. wahl bergi. Constant fetal grol'vth occurred throughout 
gestation as seen in FIGURES 57 and 58. 

Fecundity 

TABLE 21 presents a fecundity schedul e for E. wahl bergi accordi ng to the 
method of Caughley (1977) suggested for birth-pulse populations. FEmales 
caught duri n9 the rna in season of bi rths (November and December) over a 
four year period (1977 - 1980) have been used. E. ''iahlbergi is monotocous 
and a sex ration at birth of 1: 1 was assumed to calculate mx (female 
bi rths/femal e). 

5.4 DISCUSSION 

5.4.1 AnatolllY and histology of the reproductive systen 

Ovarian and uterine characteristics observed in E. wahlbergj were found to 
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) 

FIGURE 76 The relationship between corpus luteum size 
(expressed in mrn 2

) and gestational age (days) 
(n = 42) 

y = 1,19 - 8,14 x; r = -0,776; P<O,OOI 
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TABLE 21 

Age in 
years 

x 

1 (11-12 m) 
2 (23-24 m) 
3 (35-36 m) 
4 (47-48 m) 
5 (59-60 m) 
6 (71-72 m) 
7 (83-84 m) 

Fecundity schedu'J e for E. wahl bergi, constructed from 

data from f Ema 1 es caught in Nov ember and Dec emb er 1977 
to 1980 

Sampl ed Number pregna r.t F ena 1 e bi rths/ 
number or lac tating fenal e 

(Bx/2fx) 

f x Bx mx 

.. -

27 26 0,482 
13 13 0,500 
17 17 0,500 
4 4 0,500 
1 1 0,500 
0 0 
1 1 0,500 

--
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be cons is t ent wi t h thos e desc rib ed for other Chi ropteran speci es • . 

The mos t notab le ova ri an fea tur e of E. ~'iah l berg ; is th e presence of a 
conpl etely enc l os ed bursa ova rica \'lit h it s incorporated si mpl e uncoil ed 
ovid uct. Can pl et e burs ae ovaricae are common part icularly in Insectivoran 
and Chiropteran ord ers (Matthews, 194 1; Mossman & Duke J 1973). In t he 
Megaclliroptera th ey have been recorded in P. vampy rus (Mossma n & Du ke, 
1973), P. gi ganteus (Moghe, 1951) and R. l eschenau lt i (Gopa l akr i shna & 
Chou dh ari, 1977). The ovary of P. gi ga nteu s is most simila r in st r uc t ur e 
to E. \'Ia hlb ergi havi ng an enclosed simple looped oviduct, vlhile that of 
R. l esch enault i is distinguished by the large slit-like opening in the 
bur sa. 

The bicornuate, septate uterus recorded in the study species is 
characteristic of the ~'egachiroptera (Himsat t, 1979) and has been 
described for several Pt ero pids (Gopalakrishna & Choudhari, 1977; Grasse, 
1955; Moghe, 19 51; Mut ere , 1968 ). 

5.4.2 Sexual maturity 

Sexual maturity, as defined by age at first oestrus, occurs in the first 
year, at approximately six months of age, 2,5 ·months before the attain:nel1t 
of the foreann 1 ength asymptote. Thi s combi ned \1ith the seasonal nature 
of the onset of conceptions and the wide range of ages (3,37 - 7,83 m) and 
masses (55 - 82 g) at first conception would suggest that sexual maturity 
is more clos ely related to the time of year in a birth-pulse situation, 
than to the age or size of the individual. 

Attainnent of female sexual maturity before attainment of full size vias 
also noted by Bradbury (i977) for Hypsignathus lTlonstrosus and 
Gopalakrishna & Choudhari (1977) for Rousettus leschenaul t i. In all three 
cases the fenal e became mature in the fi rst year (5 .. 7 m) and the mal e in 
the second year. This form of bimaturism has also been documented in 
severa 1 I~i croch i ropteran sped es {Gopa 1 kri shna & Choudhari, 1977; Racey, 
1974a}. The significance of this phenanenon apa r t from being examined in 
the specific Megachiropteran context as a possible pointer to lek mating 
(Bradbury, 1977 and 4.4.8), can be viewed in the general Chiropterah 
context. The monotocous habit is common to the Chiropteran oreler 
(Wimsatt, 1979) and is probably related to the \'Ieight distribution 
problems of carrying a developing fetus in flight. i-lith the production of 
a single young at each parturition, methods to ensure maximum possible 
fecundity \'iould therefore be advantageous and the sexual maturation of 
fenales in their first year, instead of during their second year (aft er 
ph/sical maturity att airment) may be a strategy enployed by some species 
to raise the overall produc t ivity of the popul ation. 
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5.4.3 Seasona 1 ity 

E. wahlb ergi exhibits a seasonally polyoestrous reproductive pattern of 
the ext ended season type viith bi rths from October to June. A small 
percentage of the Tana 1 e popul at i on undergo a second success i ve pregna !lcy 
immediately follOl·ling the first. 

The seasonally polyoestrous pattern is v/ell documented among the 
Megachiroptera (excluding those of the monoestrous genera Eidolon and 
Pteropus) (Jerrett, 1979). MClny exhibit clear bimodal patterns 
(~issonycteris anglo ensis, Anciaux de Faveaux, 1978a; 
Hypsign athus mons t rosus, Bradbury, 1977; Rousettus lesch enaulti, 
Gopalakrishna & Choudhari, 1977; Rousettus ilegyptiacus, Mutere, 1968; 
Epotnophorus anuru s , Okia, 1974b; [romops fr angueti, Okia, 1974a; or 
trimodal patterns , Cynopteru s brachyotis, Liat, 1970). Two African 
Megachiropt eran species, hOI'/ever, both of the genus Epomophorus, have been 
recorded as having an extended season of births very s 'imi1ar in timing to 
those recorded in this study for Eo \vahlbergi. Smithers (1971) noted 
bi rths froln November to February in Zimbabv,e for Eo crypturus and 0 1 Shea & 
Vaughan (1980) reported a polyoestrous reproductive pattern for 
Eo \'iahl bergi wi th bi rths from November to May in Kenya (02° 18 1 S). It 
may be that the seasonally po lyoestrous pattern with an extended bi rth 
season is characteristic of the study species regardless of its latitude 
pos it i on. 

Baker & Baker (1936), Marshall (1946) and Anciaux de Faveaux (1978b) while 
investigating birth seasonality in equatorial t,1egachiroptera collated 
evidence to show that fruit bats with few exceptions, conceived in the 
autumn and gave birth in the spring, regardless of \vhich henisphere they 
lived in. A crossover zone, between 04° 13' Nand 01° 32' S within which 
both austral and boreal reproductive patterns occurred, \'Ias designated by 
Anci aux de F aveaux (l978h) as the bi 01 ogi ca 1 equator. South of th i s the 
austral pattern of March - ~lay conceptions dominated, and north of this 
the boreal pattern of Septenber - Novenber concept ions domi nated. Such 
ev,idence \'iOul d suggest that the majority of speci es have a common 
cons istent proximate trigger to breedi ng and several authors have 
suggested the decreasing autumn photoperiod (Baker & Baker, 193G; 
Marshall, 1946). 

In order to test the universality of autumn conceptions (and therefore the 
decreasing daylengtll cue) in the face of recent \,/ork, and to see the 
relative position occupied by E. wahlbergi in this context, the conception 
timings of 54 ~1e9achiropteran populations (28 species) \'Iere plotted 
against latitude (FIGURE 77). The majority of populations confiml the 
fi ndi ngs of Baker & Baker (1936) and Marshall (1946) \vi th southern 
hEmi sphere concept ions occurri ng from February to May and northern 
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FIGURE 77 Conception t imings in 54 Megachiropteran populations of 28 species 

Lat itude 

30° N 
30° N 
23° N 
210 N 

l3 0 N 

07° N 

07° N 
07° N 
06° N 
04° 13 1 N 

04° N 
03° 58 1 N 

03° 30 1 N 

01° 20' N 

Spec i es Months of 
conception 

Ref erence 

!1je9ac.l1 i rOI~t era f o 11 01'1; 119 the borea l reproduct i ve pattern 
(th ick solid line) 

Bousettus ae9lEtiacus Nov /Dec Flower, 1932 
Rou settus ae8letiacus Sept/Oct Anderson, 1902 
rteropus gi9anteus Oct Tickell, 1843 
Pt eropu s gi ga nt eu s late Aug/early Moghe, 1951 

Sept 
Rousettus arab icu s Oct Yerbury & Thomas, 

1895 
Ptero~us gi ga nt eu s early Dec/early ~1arshall , 1946 

Jan 
Ptero~u s mel anotus Sept/Oct Kloss, 1903 
Pt eropus 9; ga nt eu s Dec Phillips, 1924 
Pteroeus ari el Nov Gardi ner, 1906 
Ussonycter;s angiolensi~ Sept Anciaux de Faveaux, 

1978(a) 
Eidolon helvum Sept/Oct Anderson, 1912 
l.i s so nyct eri s a ng 1 ole n sis Sept Anciaux de Faveaux, 

1978(a) 
L i ssonyct. eri s a n9 1101 ens is Sept Anciaux de Faveaux, 

1978(a) 
L i ssonyct eri s ang,1'olensis Sept Anciaux de Faveaux, 

1978(a) 
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FIGURE 77 (continued) 

. Lat itude Species r~onth s of Ref erence 
concept i on 

r'legach ·i ro~t era fo 11 o\lli n9 the austral reproductive pattern 
'(short dashes) 

03° N Cyn~pt erus brachyotis April Thomas & Hartert, 
1894 

03° N Epomops franqueti Feb Bates, 1905 
03° S Macroglossus lagochilus ~la rch Andel~son , 1912 
03° 53 1 S L i ssonyct er) s an9101ensis Feb/March Anci aux de Faveaux, 

1978(a) 
05° 10 1 S Lis sonyct eri s a n9 role n sis Feb/March Anciaux de Faveaux, 

1978(a) 
08° 40 1 S L i ssonyct eri s anglolensis Feb/March Anciaux de Faveaux, 

1978(a) 
10° S Pteroeus mari 0 Feb/March Anderson, 1912 
11° S Ptero~us gouldi April Ratcl iffe, 1932 
11° S Pteropus polioce~halus Apri 1 Ratcliffe, 1932 
15° S EpomoetlOl'US cr~~turus May Loveridge, 1922 
15° 15 1 S Pteropus_~0diei Feb/March Baker & Baker, 1936 
15° 15 1 S Pteropus eotinus Feb /r'1a rch Baker & Baker, 1936 
17°S Pteropus cons~icillatus Apri 1 Ratc 1 i ffe, 1932 
19° S Pteroeus rodricensis r~ay Pook, 1977 
20° S Pt eropo2J!o 1 i oce.£b.~ 1 us March/April Ratcliffe, 1932 
21° S Pteroeus subniger May Buffon, 1776 
21°S Pteropus ni ger May Buffon, 1776 
22° S Ptero~us ornatus May Sanborn & Nicholson, 

1950 
22° S Notopteris macdonaldi March Sanborn & Nicholson, 

1950 
27 ° 20 1 S pter~~oul di Apr'i 1 Nelson, 1965 (b) 
27° 20 1 S Ptero~us Eoliocephalus late March Nelson, 1965 (b) 
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FIGURC 77 (continued) Exceptions to autumn conceptions 

Lat itude 

21 ° N 

00° 05' N 

00" 05' N 

00° 22' S 

00° 24 L S 

00° 3D' S 

07° 24' N 

02° 36' S 

02° 36' S 

02° 18' S 
18° S 
30° S 

Speci es Months of Reference 
conception 

(a) species wi t h a bimodal cycle (thin solid 1 i ne) 

Rousettus 1 eschenault i mid Nov Gopalskrishna & 
& Mar Choudhari (1977) 

Epomops fran~ti April Okia, 1974 (b) 
& 1 at e Sept 

Epomophorus anurus late j"iarch/April Okia, 1974 (b) 
& 1 ate S ep t / ea r 1 y 
Oct 

Rousettus aegyptiacus Dec Mutere, 1968 
& June 

Hyes i~nathus monstrous July /Aug Bradbury, 1977 
& Dec/Feb 

Lissonycteris angt olensis Feb/March Anciaux de Faveaux, 
& July 1978 (a) 

(b) Eopulations of Eidolon he1vum vlit=h delayed 
implantation (small dots) 

Eidolon helvum 

Eidolon hel vum 
Eidolon helvum 

May /J une 

May /June 
April/June 

FayenuHo fA Halstead, 
1974 

Funrnil ayo, 1979 
Mut ere, 1967 

(c) populations of Eidolon helvum without delayed 
implantation but migratory in habit (big dots) 

fidolon hel vum Sept/Oct 

Eidolon helvum June/July 

Anciaux de Faveaux, 
1978(b) 

Anciaux de Faveaux, 
1978(b) 

(d) ~pecies with extended season of conceptions (long dashes) 

~lophorus \'/ahl bergi 
~Iilophorus crypturus 
~pomcphorus \~ahl hergi 

June/Nev 
June/Sept 
May /Dee 

O' Shea & Vaughan 193( 
Smithers, 1971 
present study 



FIGURE 77 (continued) Exceptions to autumn conceptions 

Lat itude 

07° N 
l1°S 
23° S 
27 ° 20' S 
32° S 

Speci es 

Cynopterus braeh~otis 
Pt eroQus sC21lU1 at us 
Ptero~us S~9..E..lJ.l at us 
fteropus sc apul atus 
PteroEus scapul at us 

Months of 
conception 

Dec/April 
Oct 
Sept/Oct 
1 at e Nov 
Nov 

Ref erenee 

Phillips, 1924 
Ratel iffe, 1932 
Ratcli ffe, 1932 
Nelson, 1965 (b) 
Ratcliffe, 1932 
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h611i sphere concept ions from Scpt61lber to December. 

However, five categories of exceptions I'lere noted. (a) Those species with 
a- bimodal cycle ~.."hich tended to conceive in both spring and autumn, and 
\~ith the exception of .R. 1esch enaulti, (Gopa1akrishna & Choudhari, 1977) 
occurred vlithin 1° of the equator, (b) Populations of Eidolon ~elvu~ 
Hhich exhibited del ayed implantation, but l'lhose births still occurred in 
the spring. (c) Populations of Eidolon helvum I'lhich did not exhibit 
delayed implantation but ~'lhose reproductive pattern was explained by its 
migratory habit (Anciaux de Faveaux, 1978b). (d) Those species \'jith 
extended season conceptions, \'/hose conceptions began at the end of autumn 
and continued 'into spring/summer. This category included h/o populations 
of E. wahlbergi (including the study population) and one population of 
E. crypturus. (e) The paradoxoca1 species for l'ihich no explanat ion could 
be found. These were four populations of Pteropus scapulatus and one 
population of Cynopterus brachyotis. 

These five categories of exceptions to the autumn conception pattern may 
represent seasonal breeders cued either by i ncreasi ng dayl ength or by a 
proximate factor other than daylength. 

5.4.4 tnvironmental factors affecting reproduction 

The evolution of seasonal breeding is not surprising since natural 
-selection favours the survival of species l'lhose young are born during the 
season best suited for meeting the challenges of the environment. VJhat is 
intriguing is that seasonal breeders have acquired the capacity for 
successivelY turning their reproductive syst61lS on and off (Karsch & 
Foster, 1981). It has long been recognized that the environment has an 
important role to play in the regulation of reproductive function. 
Reproduction iike all other physiological processes \'Ii11 react to 
different environmental stimuli and these are frequently 611ployed to 
trigger off the onset of breeding or bring about its cessation (Gilmore & 
Cook, 1981). 

Proximate triggers 

In recent years a great variety of techniques and subject species has been 
applied to the problems of the environment and its multi-faceted effects 
on reproduction, with illnazing1y variable results. Most authors however 
agree that amongst mammals, changi I1g photoperi od is probably the most 
important external environmental stimulus in controlling reproduct -ive 
activity (Herbert, 1977); Karsch &. Foster, 1981; Sad1eir, 1969b; 
Tucker, 1981). 

It was for this reason that photoperiod i'laS investigated as a proximate 
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trigger to breed ing in E. v/ahlbergi) particularly as the st udy population 
at 30° S is subjected to considerable day1ength variations during t ile 
year. The results sllo\'I hm'lever that shortening the photope riod duri ng 
January to Jun e daylength (,vhen oestrus/ovulation/fertilization occu rred 
in the majority of the p()pulation), failed to produce signs of eithl~r 

proestrus or oest rus in the ovari es of the experimental females. The 
experiment al animai s were killed in March and their ovaries and uteri \'Iere 
found not to differ significant ly with those of the March rou ti ne sample 
(except in uterine ep itheli al height). 

The results of this experiment may be interpreted in one of two \vays. 
Either, photoperiod is the proximat.e trigger to oestrus onset, but the 
experimental conditions inadequately represented the natural conditions, 
or photoperiod is not the effective stimulus in this case. 

If photoperiod is the prOXimate stimulus, the experimental design or 
technique may have been at fault inane of three spheres. 

Unsuitable exposure. The experimental females were killed after two 
weeks of photoperiod adjustment and five weeks at the shortened 
day1ength. The natural process of gradually increasing daylength 
after reaching the minimum photoperiod was not simulated. As the 
maximum number of conceptions occurred during the month of shortest 
daylength, perhaps the effective trigger is not decreasing 
photoperi od, or short dayl ength, but the start of i ncreas i ng 
photoperiod) as in 'long day' species. 

Li ght gua 1i t~. It has been suggest ed by some authors that the 
quality of light, its \'Iavelength canposition and intensity, may be 
the triggering factors {Baker & Baker, 1936; Herbert, 1977; 
Marshall, 1946). Although the light source used in the experiment 
was chosen for its suitabil ity to biological systens, it may have 
failed to simulate the required light quality. 

Incorrect trigger. It was assumed at the start of experimentation 
that the trigger to be examined was for oestrus, and therefore the 
daylength prevalent at the time of maximum conceptions, was used to 
induce it. HOI'lever it is possible that oestrus/ovu1at'ion builds up 
fran proestrus \'Iithout a separat e cue and it is the photoperiod 
trigger for this event (decreasing April daylength) \'Ihich should have 
been used. 

The only further evidence t o sug gest that photoperiod may not be the 
proximate stimulus to the onset of breeding in this speci es, is its 
inclusion in t he category of exceptions to autumnal conceptions (5.4.3 and 

r-IGURE 77). 
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Concept io ns do not occur i n t he mont hs of January t o Ap r il. Photoper i od 
may not be r espons ibl e fo r breeding onset, but a f ut ur e i nvest igat ion int o 
th e start of decreasi ng photoperiod as a t rig ge r fo r breed; ng cess at ion, 
may be \'/0 r t hV-Ih i 1 e. 

t~a 1 e pr es ence 

E. wahlb erg"j develop ed l ate ves i cul ar follicles i n the absence of sight, 
sound or smell of mal es, but no evidence t hat ovul ation had occurred \'I(1 S 

seen. It can be surmised that oestrus \'Iill occur in tile absenc e of 
visual, audible or ph eranonal male stimuli but it was not pr oved that 
ovulation will occur in the absence of a male . It is possibl e th at 
evidence of ovulation I'las not obs erv ed becaus e E. v-lahlb ergi is a reflex 
ovulator, requiring coital stimulation to induce ovulation. It has been 
suggested that reflex ovulation is prevalent in animals that are widely 
dispersed, whereas spontaneous ovulation is found in gregarious species 
(Zarrow & Clark, 1968). Unl "ike cavern-dvlelling Microchiroptera, 
E. vlahlbergi may roost singly or in small numbers of up to tl'lenty 
(observed in this research), each observing a st rict interpersonal 
distance. Such behaviour is not truly gregarious a.nd may be indicative of 
a possible reflex ovulator, but only detailed investigation \'lOuld confinn 
this. 

These ovulatory trigger experiments were prel iminary and because of the 
limited numbers of cage acclimatized animals could not be replicated. The 
conclusions drawn from the results are therefore tentative and 
interpretations must be viewed cau t iously in the light of the limited 
nature of the experiments. 

ultimate triggers 

Food availability and rainfall 

Sadleir (l969a) ccxnmented that there can be little doubt that the annual 
fluctuations in availability and nature of food are the most important 
ultimate ecological factors in the timing of seasonal breeding. The heavy 
nutritional demands of lactation (Sadleir, 1969a; HiddO\'/son, 1981) 
prompted the examination of food availability and the closely related 
factor of rainfall, in relation to the timing of lactation in 
Eo wahlbergi. During a three year per iod it was found that the principle 
months for lactat"ion coincided \~ith the tHO months having the greatest 
percentage of frui t i n9 trees and the three loonths of highest rai nfall . 

Simil a r fi ndi ngs have been document ed for other Meg ach i ropteran speci es, 
implicating both food avail ability and rainfall as the ultimate factors in 
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the t imi ng of bi rths (L i at, 1970; Mutere, 1967; 1968; Oki a, 1974a & b). 
The coincidence of birth season with the annual rainfall peak (or wet 
seasons) have been recorded for Eidolon helvum (FayenuHo & Halstead, 1974; 
Mutere, 1967), Rousettus aegyetiacus U~utere, 1968) and for E. wahlbergi 
(O'Shea & Vaughan, 1980), confinning the findings of this study. 

5.4.5 Breedi ng eyc 1 e 

Oestrous cycle 

In many mammals the corpus luteum of pregnancy inhibits ovarian follicular 
development and so suppresses oestrus and ovulation (Herbert, 1977). An 
unusual feature of the non-l uteal oVJry of ~~!ahl)er.9.i duri ng pregnancy, 
in a small per'centage of the female population, is the presence of 
intennediate and late vesicular follicles at the beginning and tm·tards the 
end of gestation. This phenomenon, though rare in most mammalian orders, 
has been observed in the Megachiropteran, Pteropus giganteus (Marshall, 
1949) and in a Microchiropteran Min'iopterus schreibersi (Bernard, 1980). 
Marshall (1949) suggested that the significance of 'this continuous egg
fonnat ion' dur i ng pregnancy, may be that if aborti on occurs, ovul at i on and 
conception may take pl ace quickly. This theory closely corresponds v/ith 
that suggested to explain the 'tail end' conceptions after the May to July 
peak in the study animal and \~ould be the most likely explanation for the 
developing vesicular follicles during the first third of pregnancy. 

The presence of these follicles in the latter stages of pregnancy \~as 

interpreted in this research as being evidence of a proestrus/oestrus in 
preparation for a postpartum oestrus/ovulation/pregnancy. Postpartum 
pregnancies have been recorded in African pteropid species 
(Lissonycteris angolensis, I\nciaux de Faveaux, 1978a; Epomops franglJeti, 
Okia, 1974a; ~pomophorus anurus, Okia, 1974b') and in Asian pteropid 
species (Rousettus leschenaulti, Gopalakrishna & Choudhari, 1977; 
Cynopterus sphinx, Ramakrishna, 1947). As in the study species, 
Gopalakrishna & Choudhari (1977) noted that in R.leschenaulti fewer 
fenales participated in the second pregnancy than in the first. 

Implantation 

E. wahlbergi was found to exhibit a clear ovarian dextral 
funct ion despite apparent anatomical symmetry. This 
contrast to the 50 % - 50 % implantational distribution 
pteropid species (Gopalakrishna, 1964; Marshall, 1946; 
1951; Mutere,1967; 1968; Okia,1974b; Nelson, 1965a). 

Himsatt reviev.Jed the pteropid pattern as involving 

alternation of ovulation between left and right ovaries 

dominance in 
was in di rect 

in six other 
1949; Moghe, 

J non- ra ndom 
in successive 
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years, resulting in equal numbers of implantations in l eft and right 
uterine horns within a population. There is evidence to suggest that in 
the small percentage of E. wahlber9..i females undergo 'ing a postpartum 
pregnancy, this ovarian alternation does occur, but the overall picture is 
one of dextral dcxninance. A progestational endometrial reaction II/as not 
conf inned as occurri ng in E. ~vahl bergi,' It i s hO~1ever 1 i sted by Himsatt 
(1979) as a characteristic feature of the pteropid pattern and has been 
described in P. giganteus by ~1arshall (1949; 1953)" 'in ~Jeschenault'i by 
Gopalakrishna & Karim (1971) and mentioned as occurring in E. helvum 
(Funmilayo, 1979). Marshall (1949) suggested that the uterine 
modifications l-vhich ensured a single implantation taking place as 
anteriorly as possible, may be an adaption to an arboreal and aerial 
habi t. The anteri orly pl aced enbryo rel i eves strai n on the uteri ne 
ligaments v/hen the mother is resting in the head dOI'ill position, and is 
closest to the centre of gravity in flight. 

Transovular migration 

Transovular migration is common in two genera of Chiroptera, Myotis and 
Miniopterus, but is impossible in the Pteropids because of a uterine 
septum. This I'las confinned in Eo wahlbergi, where the gravid uterine horn 
and the ovary carryi ng the corpus luteunl of pregnancy occurred on the same 
side in all cases. 

Corpu slut eum 

The pattern of gro\vth and survival of the corpus luteum of pregnancy 
varies very widely bet\veen species. Even in the order Chiroptera there 
are exampl es of the corpus 1 uteum bei ng lost at an early stage in 
pregnancy (Nycteris luteola ' and Triaenops afer, Matthell/s, 1941), 
persisting until mid\'Iay through gestation (pteropus vampYrus, Mossman & 
duke, 1973), persisting to'l,ards the end of gestation 
(Tadarida brasiliensis, Mossman & Duke, 1973) and even persisting into 
lactation (Eptesicus fuscus, Mossman & Duke, 1973). 

In E. wahl berg; after maximum size Ivas attained in early gestation, the 
corpus luteum regressed in size until it vias absent by the end of 
gestation. This luteal regression would suggest a gradual take over of 
endocrine funct ion by the pl acenta probably starting from an early 
gestational stage. 

Reproduct ive strategi es 

Mossman & Duke (1973) ronarked on the 'bizarre reproductive phenanena' 
often displayed by the Chiroptera. Notable in this respect are the 

voriety of gestat ion length delaying tactics Employed, particularly by the 
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Microchiroptera (O xber ry, 1979; Ras~'/ene r, 1979). One example in a 
t~egachiropteran species has been found to occur differentially in 
popul ations of E. helvum. In some populat ions I~,...Y.1!m exhibit s delayed 
impl antation of about 3-4 months duration and seans designed to ensure 
that b-irths ~/il l occur at the onset of a rai ny seJson dur ing \vhi ch 
abundant food supplies are ava il ab le (FayenuvlO & Hal stead , 1974; 
Funmilayo, 1979; Mutere, 1967). Other populations of th e species in 
tropical Afr ica are reported as not undergoing del ayed implantat ion and 
the gestation le ngth is reduc ed to four months (Anciaux de Faveaux , 
19 78b ) • 

No fonn of reproductive delaying strategy has been observed in 
E. wahl bergi, but if gestation length is compa red with mea n male forearm 
length in the 13 speci es of fruit bat (fo r wllich data \'/as available) 
plotted in FIGURE 78, it wi 1 'I be seen that the t\tO speci es of Epomophorus 
(ringed) tend to hcve a long gestation for their size. 

5.4.6 Fecundity 

For a monotocous species, E. wahlbergi has a high fecundity rate 
of m = 0,500, unvarying from tHO to seven years of age. Older animals x 
\'Ih i ch may have shO\-.Jn reproductive senese ence, \Vere not caught duri ng 
November and Decenber, and as a result no indication of age at 
reproductive senescence may be made. 

A high fecundity rate is especially essential to the survival of the 
species \·!hen only one infant at each partul'i tion is produced and the 
majority of the fanale population only undergo one pregnancy per year. 

5.5 SUMMARY 

The anat ofilY and histology of the female repl~oductive systan \'/as 
investigated. The ovary is compl etely enclosed in an ovarian bursa and 
th,e uterus is bicornuate and septate. 

Puberty \<Ias found to commence at a mean age of 2,5 months and tenninate 
\/itll sexual maturity at six months. The mean age at proest rus onset \'las 
5,6 months and at first conception 6,2 months. 

E. wahlbergj displays a seasonally polyocstrous reproductive pattern with 
an extended season. Conceptions occur from ~1ay to December, the peak 
months being May, June and July. Births occur from October to June \'lith 
the peak bi rth season in November and Dec8nber. The majority of femal es 
undergo one pregnancy per year , tenni nat i ng a round November/December \'Iith 
a small percentage tenninating around April. 
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FIGURE 78 Gestation lengt ll in 13 species of fruit bat in relation to mean 
male foreaml length 

Species 

1 Lisso ncyteris 
anglol ensis 

2 Rousett us 
aegypt i aeus 

3 Eidolon hel vum 

4 EpomophoTus anur~ 

5 Epomop s 'fra nqueti 
6 Hypsi gnathus monstrosus 
7 Pteropus rodricensis 
8 Epomophorus wahl bergi 
9 Pteropus scapul at us 
10 Pteropus ornatus 

11 Pteropu5 poliocephalus 
12 p~eropus giganteus 
13 Pteropus gouldi 

Gestation l ength 
(days) 

Mean ma le 
forearm 
1 ength (mm) 

120 74 

120 97 

120 (no delayed 120 
impl alIt) 

150 (ringed) 75 
150 92 
150 118 
150 125 
160 (ringed) 83 
180 131 
180 

180 
180 
180 

153 

165 
169 
180 

Reference 

Anci au x de 
Faveaux 1978 (a) 
r~u tere , 1968 

Anciaux de 
Faveaux, 1978(b) 
Okia, 1974 (b) 
Okia, 1974 (a) 
Bradbury, 1977 
Pook, 1977 
present study 
Nelson, 1965 (b) 
Sanborn & 
Nichol son, 1950 
Nelson, 1965 (b) 
Marshall, 1946 
Nelson, 1965 (b) 
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Primordial, primary, secondary, and early vesicular follicles ~'1ere present 
in the ovaries year round. A significant increase in numbers of early 
vesicular follicles occurred in I\pril/r~ay/June. Intennediate follicles 
\~ere only found from April to Novembe r and late vesicular follicles from 
June to October. No seasonal variation in lumen diameter, endometrial or 
myometrial thickness was recorded. A bimodal pattern of significant ly 
greater uterine epithelial height occurred in May/June and again in 
Nov enber/Decenber. Simil arly a bimodal pattern of signi ficantly larger 
numbers of endometrial glands occurred in July/August/Septanber and again 
in DecEmber. 

Proximate triggers for oestrus \~ere examined. It \'/aS found oestrus can 
occur' in the absence of a mal e, but the results of experimentally 
shortening the photoperiod were inconclusive. Conception peaks coincided 
with shortest daylength, lov/est rainfall, tellperatures and humidity. 
Fruiting and rainfall were suggested as ultimate causes of breeding in 
E. wahlbergi as ·the peak lactation period coincided with rainfall and 
fruiting maxima. 

A series of timetables showing variations in the timing of the annual 
reproductive cycle, with one and two pregnancies, is presented. The 
presence of intennediate and late vesicular follicles in the non-luteal 
ovary at the begi nni ng and tOl'/ards the end of pregnancy was expl ai ned as a 
precaution against an early abortion in the cases of developing follicles 
in early gestation, and as preparation for a postpartum pregnancy in the 
case of developing follicles at the end of gestation. 

The ovaries and uterine horns \~ere found to sho\,1 functional dextral 
daninance \'1ith 69,7 % implantations in the right and 30,3 % in the left, 
although anatomically they appear symmetrical. There was evidence to 
suggest that alternation of ovarian function bet\~een left and right 
occurred in those animals having two pregnancies per year. A localized 
progestational endometrial reaction may occur in the study species but 
this was not confinned. No transovular uterine migration occurred. 

The corpus luteum reached maximum size at the beginning of gestation and 
regressed through pregnancy until it was absent by the end of gestation. 
No gestational delaying strategies were apparent and the fecundity rate 
was considered high for a monotocous species (mx ::: 0,500 for all ages 
except one year). 

The occurrence of the phenanena recorded in the study speci es \~crc 

compared to those found in other t1egachiropteran and Microchiropteran 
speci es. A revi e~ of the timi ng of concept ions of 54 popul at ions of fruit 

bat (fran 28 species) betHeen latitudes 35° Nand S was carried out 
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showing a distinct pattern of autumn conceptions and spring births. It 
was found that the two populations of E. wahlbergi for which there were 
data, did not fit this pattern. 

Canparison of gestation length \'rith size in other pteropids shovled that 
,Eo wahlbergi has a long gestation period for its size . 
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CHAPTER SIX 

PARTURITION, LACTATION, MAT ERNAL CAR E AND JUVEN ILE BEHAVIOUR 

6.1 INTRODUCTION 

In 1960 (b) Wimsatt r anarked that the most neglected aspect of 
reproduction in bats is the process of parturition. He cited 19 
references to original descriptions of birth in bats~ the majority being 
in the family Vespert il i onidae . Recent exami nat i on of the 1 iterature has 
revealed at least 32 accounts of parturitio~ covering 25 species and seven 
f ami 1 i es. 

Details of the birth process are varied from species to species, although 
birth itself seems to occur C"onsistent1y during the hours of daylight and 
particularly around noon (Bhatnager, 1978; Bogan, 1972; Fo1sch, 1967; 
Gopa1akrishna, Khaparde & Sapka1, 1976; Wickler & Seibt, 1976; 
Mall i nson, pers. comm.). TvlO fetal presentations at del ivery have been 
observed; head first in 13 species and breech in 12 species. All five 
species of pteropid so far recorded have shown the head presentation at 
birth (R. aegyptiacus, Kulzer, 1969; P. po1iocephalus, Nelson, 1965 (b); 
Cynopterus sphinx, Ramakrishna, 1950; E. wahlbergi, Wickler & Seibt, 
1976; P. giganteus, Folsch, 1967; Mallinson, pers. comm.) as have four 
phyllostornatids (Blake, 1885; Bhatnagar, 1978; Jones, 1946; Tamsitt & 
Va1divieso, 1965b; 1966), and one species each of the families 
Rhi nopomat idae, (Anand Kuma r, 1965), Hippos id eri dae, (Ramakri shna, 1950) 
and Megadennatidae (Gopalakrishna, Khaparde & Sapkal, 1976). One species 
of vespertilionid (~ctalus noctula, Daniell, 1834; Ryberg, 1947; 
Hhitaker, 1905) has also consistently shown a head first delivery 
presentation, though in the majority of this family, breech presentation 
is usual O~imsatt, 1960b). 

Postures adopted during labour are also variable. Three main postures 
have been reported: head dOlvn, hanging vel~tically in the characteristic 
resting position with straddled legs (Bhatnagar , 1978; Goguyer & Gruet, 
1957; Gopalakrishna, Khaparde & Sapkal) 1976; Jones, 1946; Rmnakrishna, 

.1950; Shennan,1937; Whitaker, 1905), horizontal vlith abdomen uppennost 
and ventrally recurved tail clinging to a horizontal surface by \'iiny cla\'/s 
and feet (Bogan, 1972; Pearson, Koford & Pearson, 1952; l~imsatt, 1960b) 
and an inverted head upward position, also \,/ith ventrally recurved t ail, 
clinging to a vertical surface by \"o/ing claHs (~Jimsatt, 1960b). 

Other variabl e aspects of partu r ition reported in the Chiroptera are 
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length of labour and del ivery, timi n9 of amn"ion rupture and pl acental 
bi rth, and the extent of pi ac ent.aphagia. Infant bats are large at birth, 
some speci es \'1eigh ing as much as 20 % of the maternal postpartum mass 
(Wim satt, 196Gb). The majority are born with eyC!s closed, including 
R. aegyptiacus (Kulzer, 1958 ), though some species have been observed vrith 
open eyes at birth, Artibeus jamaice~.si? (l3hat nagar" 1978), Megaderma lyra 
(Go pa l akris hna, Khaparde & Sapkal, 1976), Artib eus planirost ris (Jones, 
1945; 1946), Tadarida bra s iliensis (Jones, 1945,) and the pteropid 
species, Pteropus poliocephalus (Nel son, 1965b) and ~nopterus sphinx, 
(Ramakrishna, 1950). f'lany are naked v,ith fine dm'my hair on the head and 
extrenities (\~imsatt, 196Gb), others are furred on the head, back and 
forearm and compl etely naked on the ventrum (Gopalakrishna, Khaparde & 
Sapkal, 1976; Kul zer, 1969; Nel son, 1965b). The head, feet and trunk 
are disproportionately large \~ith shortened forearms and small but fully 
formed Hi ngs (Kul zer, 1969; ~"Jimsatt, 1960b). 

The first aim of this chapter therefore is to describe the ~ntire 

parturitional process in E. wahlbergi, covering the aspects of time of day 
when bi rths occur, length and event sequences in labour and del iverY5 
maternal del i very posture, fetal bi rth presentat i on, pl acentophag i a and 
the appearance of the infant at. birth. 

After parturition, the second and major phase of maternal behaviour is 
lactation, \~en tile young are dependent on the mother for nourishment. In 
Megachiroptera this phase has been reported as lasting 35 to 4G days in 
Rousettus leschenaulti (Gopalakrishna & Choudhari, 1977), four months in 
Pteropus poliocephalus (Nelson, 1965b), 23 weeks in P. rodricensis (Pook, 
1977), four months in Rousettus sp. and three to four months in 
Pteropus poliocepllalus (Ratcliffe, 1931) and three to four months in 
Pteropus ornatus (Sanborn & Nicholson, 1950). 

Shillito Walser (1977) wrote that lactation can be seen as a series of 
behaviour patterns \'ihich are elicited by the different stages of the 
developing young and vJhich relate to the \'Iay of life of the animal 
concerned. A further aim of this chapter is to determine the length of 
the lactation period, the chelJical composition of the mil k and the 
approximate age of the young at weaning, and also to describe the 
mother/juvenil e behavioural patterns dUI~ing this phase. 

Nelson (l965b) described the activity stages in the early life of 
P. poliocephalus. For the first few days the young was rarely seen away 
fron the nipple and up to three weeks old was carried ;n fl ight by tile 
mother on feeding expeditions. After this age, although unable to fly the 
infants \'Iere left behind in the roost until flight \'Ias initiated at three 
months of age. Carroll (1981) reported that young ~. rodricensis of 
perhaps six weeks of age \'Ie re still carried by the mother in fl ight. 
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The final aim of this ch apte r is to describe t he stages in juvenile 
behaviour tracing its decreasing depe nd ence on the mother until flight is 
initi ated and the young bat ceases to go to the mothe r for protection. 

6.2 I>1ATERIALS AND ME THODS 

6.2.1 Pa rtur it i on 

Frcxn Novanber 1978 to Decenber 1980 23 females (c3ge acclimatized for a 
minimum period of four months), gave birth in capt ivity to 28 juveniles, 
15 mal es and 13 f el1a l es. Five of the mothers gave birth t"Jice in the cage 
in successive years. The time of day in which delivery took place was 
recorded in nine of the 28 births and the entire process of parturition 
\'Ia s witnessed on four occas ions. One of these Wa S a natural bi rth and 
three \'Iere induced. Detail .ed obse rva tional records \'Iere kept and a 
stopwatch wa s used to time events. One bi rth was photographed Hith a 
still camera and a second Has filmed Hith a 16 II1Ill cine call1el~a. 

Bi rth induct i on 

Wimsatt (1960b) successfully hastened parturition in MYotis lucifugus \'IHh 
an intra-peritoneal oxytoc 'in injection. In this study ho\,!ever it was 
decided to examine induction techniques \'Ihich did not involve either 
injections or incisions, in order to reduce trauma and so increase the 
chances of success. A variety of birth induction methods are used in 
human gynaecology (Phil pott, pers. comm.). A human method, suitabl e for 
modification for small mammal application, was selected for use here. 

Cage acclimatized females wh -i ch \'Icre close to tenn (judged by palpation of 
the fetal cranial breadth at 16 mm or more) were chosen. It had been 
observed in the study that pregnant mothers were al Hays fi rst seen wi th 
the new born young around midday, so the induction procedure was initiated 
bet\'Ieen 08hOO and 09hOO. A single tablet of IProstin [I (Upjohn Limited) 
was divided into four. One quarter \"dS shaved into a rounded cylindrical 
suppository, lightly smeared \'lith vasel ine and inserted into the vagina. 
A spray of I Syntoci non l (Sandol Limited) was administered onto the nasal 
ffislibranes. The bat \'las then ranoved to a small holding cage \·,ithin the 
main cage. The procedure \'las used successfully on three parous gravid 
femal es. 

Infant at birth 

J nf ants \vere photographed, weighed» forearm 1 ength, eye- nose di stance and 
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zyganatic width measured~ dentition exwained and ear tagged immediately 
after the placenta had been lost. 

6.2.2. Lactation and mother/juvenile relations 

Eight of the 28 infants born in captivity were reared until weaned • 
. Length of lactation und age of infant at weaning \'1as detennined by 

observation and re~ular capture of the mother with infant (at a minimum of 
three unci a maximum of fourteen day intervals) in order to detennine if 
mil k could be expressed from the nippl es. Observations of mother/juvenil e 
behaviour during the lactation phase Vlere made by sitting in the cage for 
one hour at varyi n9 times over a 24 hour period~ nocturnal observations 
being made \'/ith a lo~, intensity light. 

~1il k analysis 

Infonnation regarding the chenica1 canposition of bat milk is limited to 
that provided by Hui bregtse (l966) who detern,-i ned the specific gravity, 
Kjeldahl protein, carbohydrate (lactose), total solids and ash content of 
milk obtained from t\'w Microchiropteran species, ~eptonycteris sanbor..!li 
and Tadarida brasiliensis. By comparison with the insectivorous diet of 
T. brasiliensis, I.. Sanborni's diet of pollen nectar and ~. \'Iahlb_ergi's 
diet of fruit, provide a high carbohydrate intake. Milk analysis was 
undertaken in order to compare the results \,/ith those of Huibregtse (l966) 
und examine to I'm at extent the diet is reflected in the chemical 
composition of the milk. 

Milk was collected from six caged mothers and seven \'/ild mist-netted 
mothers. All were treated \~ith 'Syntocinon' nasal spray (Silndoz Limited) 
to assist milk 'let down', the"n 'milked' by gently squeezing the nipples. 
This \'Ias done three or four times at twenty minute intervals, allo\,/ing the 
milk to run into a sterile plastic vial. A total of approximately 1,00 ml 
was collected and stored in a deep freeze at -15 0 C prior to analysis. 

The mil k analysis was carried out by Professor G V Quicke of the 
Department of Biochenistry, University of Natal, Pietennaritzburg and is 
fully described in Quicke and SOvller (in press). Total sol ids were 
estimated by \'Ieigiling milk-saturilted, dried filter paper and fat was 
estimated by re\"/eighing the filter paper after fat extraction by solvents. 
Protein \'1as detemlined by micro-KjeldJhl procedure, follov/cd by direct 
Nesslerisation of the diluted digest. Carbohydrates Here estimated as 
~total neutral carbohydrates' using the method of Du BOis, Gilles, 
Hamilton, Rebers & Smith (1956), and as lactose using the Nelson-Somogyi 
procedure as modified by r~arais, De Hit & Quickc (1966). 

6.2.3 Juvenile behaviour 
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Of the 28 cage born juvenil es, 18 lived to at least 30 days old, 13 to at 
least 60 days old and seven v/ere over three months of age when rel cus ed . 
The breeding colony ''las housed in a fr ee flight aviary (PLATE 34), made of 
70 % sh ade cloth stretched over a wooden pole frame measuring 4 m wide, by 
8 rn long and 4 In high. 

Observations from with i n the rage \'/ere Inacle for an hour in the morning, an 
hour around noon, an hour at dusk and for 30 minutes three or four times 
between dusk and midnight. 

The young bats were caught for weighing, measuring and tooth examination 
at a minimum of three day and a maximum of fourteen day intervals. At 
these times, diet and flight development were assessed. Fruit was offered 
by hand to detennine the earliest age at which it would be readfly 
accepted and eaten. Progressive development of fli ght ability was tested 
at each capture by fi rst 1 aunch i ng th e young bat into the air. If he 
fell, glided dovm or level, \,/ithout gaining altitude, he I'las regarded as 
unable to fly. If he fl ew level and gradually gained altitude he vIas 
assessed at the Stage 1 phase of flight (just being able to fly). Once 
this stage was attained, the young bat was placed on the floor of the 
cage. If he tould just lift off from the ground and slowly gain height he 
was judged to be at Stage 2. Active, fast eager flight from the hand and 
an observed readi ness to fly when di sturbed was regarded as competent 
flight (Stage 3). 

6.3 RESULTS 

6.3.1 Parturition 

6.3.1.1 Time of day of birth 

The mean time of day delivery took pl ace in the natural births 
"las 13h11 (range = I1hOO - 15h20, n = 6), in the induced births 
15hl0 (range = 12h13 - 17h34, n = 3) and in all nine births, 
13h51 (range = I1hOO - 17h34). 

6.3.1.2 Labour and Delivery 

Posture and behaviour during lahour 

In all observed cases the usudl resting position of head dOl'l1l 
and hang; n9 by the feet from a branch, \'/aS adopted throughou t 
the process of parturition (PLATE 35). Uterine contractions 
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PLATE 34 Captive breeding colony 'hanging from corner 
of free fl ight av ~ ry constructed from shade 
cloth 
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PLATE 35 Gravid parous female at term, during labour 
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\~er e accompani cd by sl ighfly open ed 1:4i ngs, arched back, 
upt hrusting of the pelvic r eg ion and occasionally, closed eyes . 
Duri ng th e rest periods between contractions t he wings we r e 
fold ed tigh t ly around the body and somet imes a gentle side t o 
side s\~aying moveme nt \~as obs erved. Fran fifteen minutes before 
delivery, and between th e strong periods of contraction, the 
vagi nal region , the vent ral chest fur and the wi ng membranes 
were wa shed rep eat edly. 

Delivery and fetal head presentation 

At . full cervical dilation, strong contractions delivered the 
infant's head (PLATE 36). In all births witnessed, the fetal 
present ation at del ivery \~a s head first. As soon as the head 
Emerged the mot her bent upv/ards and vigorously wa shed it with 
her tongue. A brief rest of three to five minutes followed. 
With a singl e further contraction, the body was born (PLATE 37) 
and caught in the mother's partially opened wings. 

Throughout the ent ire 1 abour and del i very peri od, the parturi ent 
fenales were markedly quiet and oblivious to external 
distractions. 

Postpartum behaviour and placental delivery 

Immed i ately fa 11 owi ng energence, the new born hung mot i onl ess 
within the mother's circled wings, suspended by the umbilical 
cord from the vaginal orifice. Immediate and thorough washing 
ensued (PLATE 38). Within ten minutes of birth, the young, 
assisted by 'jugglingl mov eme nts of the mother's vlings, gripped 
the maternal chest fur \'IHh feet and \-/ing cla\~s and at the same 
time Has first heard to Emit high pitched squeaks. During the 
hour following birth much washing and 'wing juggling' by the 
mothet \-/as observed (PLATE 39), accompanied by active cra\~ling 

of the infant (using feet and \'lings) over the mother's chest and 
abdomen. This activity \~as interpreted as searching for the 
axially situated, pendulous nipples. N:ithin 60 - 90 minutes a 
nipple was usually located by the blind offspring, (PLATE 40) 
assisted by mater nal wing movements. By sinking its tiny 
pointed deciduous teeth (3.3.2) into the fleshy teat, it became 
securely attached to the mother, a hold it could only be made to 
reliquish by forcing open the jaws. A single discordal placenta 
\~as delivered only after nipple attachment \~as achieved, usually 
about two hours after birth (see below and TABLE 22). 

Event sequence and timing of labour and delivery 
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PLATE 36 E. T. 7864 at head del i very, sho\'/i ng the head 
first presentation of the fetus, after 165 
minutes of labour 

PLATE 37 LT. 7864 at body delivery, three minutes 
aftel~ head . del ivery 
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PLATE 40 Suckling position adopted by neonate \'1ithin 
two hours of birth 
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TABLE 22 Tim -ing of l abo ur stages and delivery in three induced parou s 
gravid fema l es and one uninduc ed primigravid female 

INDUC ED UNINDUCED 

Ear t ag no. 
of bat 627 7864 7883 392 

-
EVENT ti me accum. time accum. time accum. time accum . 

peri od ti me peri od time peri od time period time 
(mins) (mins) (mins) (mins) (mins) (mi ns) (mins) (mins) 

First contraction 0 0 0 0 

'First labour 
phase' - 1 ength 
(contractions 140 140 100 100 60 60 225 225 
3-15 s) 
(rests betHeen 
5-70 m long) 

'Second labour 
phase'-length 
(contractions 48 188 58 158 25 85 50 275 
30-45 s) 
(rests bet\'Ieen 
50-95 s) 

'Third labour 
phase' - 1 ength 
(contract ions 3 191 7 165 5 90 10 285 
40-45 s) 
( rests betHeen 
10 5) 

Head delivery 191 165 90 285 

Rest before body 
delivery 5 196 3 168 4 94 3 288 

Body de 1 i very 196 168 94 I 288 

--
Placenta delivery 333 270 210 423 

Accum. = accumulative 
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TABLE 22 sets out the event sequence, timi ng of 1 abour phases 
and infant and pl acental del ivery in the three induced parous 
gravid femal es and the uni nduced primigravid femal e. In order 
to analyse 1 abour and thereby make compari sons beh/een 
individuals, pre-delivery labour v.[as divided into three phases: 

'First labour phase' 

This phase is the longest and starts with the first uterine 
contraction. It is characterized by back-arching contractions 
of short durat i on (3 - 15 s), interspersed by long rest peri ods 
(5 - 70 mins long), mild rapid vaginal pulsations, gently body 
s\~aying and an absence of any \~ashing activity. In one out of 
the four births, the alnn-ion was seen to rupture during this 
phase. 

'Second . labour phase' 

The onset of this phase is characterized by the appearance of a 
rounded protruberant bulge (the fetal head) just beneath the 
vaginal orifice with each contraction, and its disappearance 
during the rest phase. Contractions are longer in duration than 
in the first phase (30 - 45 s) and rests shorter (50 - 95 s). 
Cervical dilation canmences and fur and wing washing is 
frequent. In three out of four births amnion rupture occurred 
during this phase. 

'Third labour phase' 

This phase is of short duration and begins with a fully dilated 
cervix. Contractions are 40 - 45 seconds long with very short 
rest periods (10 s) between. Much washing of the vaginal 
orifice takes place. 

The timing of the amnion rupture from first contraction was very 
variable ranging fran 47 - 195 minutes. The duration from first 
contraction to body delivery varied from 94· -288 minutes. to 288 
mins. In all cases the placenta was not delivered straight 
after the bi rth of the infant) but from 102 - 137 mi nutes 1 ater. 
The length of the total parturition process in tile four 
individuals rc1nged frolll 210 - 423 minutes. 

6.3.1.3 Placentophagia and onset of lactation 

After del ivery the pl acenta wa s immedi ately grasped in the 
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mother ' s mouth, pul ped in the same Hay as fruit is macerated 
prior to eating, then swallowed. In doing so the umbilic al cord 
was broken from the pl acenta about 15 rrrn from its poi nt of 
s'nergence from the infant. 

The point of lactation onset vias detennined for one of th e four 
mothers. In this case fluid \;'as first palpated from the nipples 

. four hours after birth of the infant. 

6.3.1.4 Inf ant appearance 

PLATE 41 sl1o\,/s an i nf ant four hours after bi rtl1. The head, 
upper forear;11s and back are covered in thick fine grey fur. The 
face is naked and pink \',ith closed eyes, a disproportionat ely 
large muzzle and soft, f"loppy, pink ears. The characterisUc 
white ear tufts in front and behind the ears are present at 
birth. In males a rudimentary shoulder pouch is visible, 
inverted and containing the soft grey fur of the back. The 
ventral surface is compl etely naked and pink. The \'lings are 
fully fonned, soft and pink in colour but small in proportion to 
the rest of the body. Wing and feet claws are hard and well 
developed. 

At birth the new born is on average 16,50 % of the mother's post 
partum mass (S.E.t1. = 0,43; range = 12,,93 - 20,27 %; n = 28). 
TABLE 23 presents the mass , foreann length, eye-nose distance 
and zygomatic width at birth of the 28 young born in captivity 
(differences between rna 1 es and females not s ignifi cant 
(O,05<P<0,1). 

The sex ratio at birth was 1 : 0,87, males to females, v"hich did 
not depart significantly from unity (P>O,05). 

6.3.1.5 Induction success 

Although birth induction \;'as achieved, out of 16 induction 
attenpts only three Here successful. Of these, the time 
interval between suppository insertion and the first uterine 
contraction varied between 28 minutes and 150 minutes (~ = 74 
mins). In seven other attanpts contractions \'/ere initiated 
between 25 minutes and 170 minutes (R = 67 mins later), but 
labour did not proceed into the second phase. 

Lactation 

6.3.2.1 Length of lactation and age of infants at weaning 
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PLATE 41 Neonate four hours after birth showing the 
furred head, back and forearms and naked 
chest and abdomen The characteristic white 
ear tufts and rudimentary shoul der pouch are 
visible 





TABLE 23 Mass, foreann length, eye-nose di stance cmd zygomatic 
width at birth of 28 cage born infants 

-
-x S.E.M. range 

Body mass (g) 16,05 0,37 13-19 
Foreann 1 ength (mm) 30,92 0,68 22,55-35,40 
Eye-nose distance (mm) 10,78 0,21 9,00··12,70 
Zygomatic width (mm) 15,70 0,20 14,20-17,50 
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Length of lactation Ivas estim Cl ted by taKing the median value 
betVleen the 'giving birtll to last day milk could be expressed' 
time i nterva 1 and the 'gi v i ng bi rth to fi rst day mi 1 k coul d not 
be expressed' time interval; x'" 83,2 days; S.E-M. = 6,9; 
range = 60 - 104 days; n = 8. 

Simil arly age at l'leani ng Via s est imated by tak i n9 the medi an 
value between the age the infant was last seen suckl ing and the 
age at Ivhich the infant vIas first seen not attempting to suckle 
from the mother; 5< = 81,1 days; S.E.M. = 6,1; range = 60 - 99 
days; n::: 8. Age at weaning and age at attainnent of full 
pennanent dentition (x = 90 days), were closely comparable. 

6.3.2.2 Mother/juvenile relations 

The first two weeks after birth 

During the first week after birth, the infant ranains 
continuously attached to the nipple by its well developed mouth, 
its body sl ung obl i quely across the lOl-/er abdomen of the mother 
(PLATE 42). The offspring's wings are folded in under its body 
and it clings to the mother's long abdominal fur by its thumb 
wing claws and feet. In this position it is carried at all 
times, both when the mother is at rest and Hhile flying, 
including during her nocturnal feeding flights. When she fl ies 
the furred back of the young is exposed to the moving air while 
its naked ventrum is in contact v/ith the mother's body. 

During the day the mother hangs quietly with her wings around 
the infant conpletely obscuring it from viev/. Little activity 
is seen apart from when she maneuvers the suckl ing from one 
nippl e across to the other by means of her wi ngs. Maternal 
groaning of the young was seen particul arly at these times of 
maneuver and in the late afternoon. 

During this period the eyes of the infant first open (PLATE 43) 
(5< = 10,4 days; S.E.M. :: 0,9; range = 1 - 22 days; n = 22). 
An increase in diurnal juvenile activity was seen following this 
event. The young were seen to crawl across the mother's body 
from one ni ppl e to the other and frequently rearrange thei r 
position. 

Initiation of 'hanging' 

At a mean age of 17,8 days (S.E.M. = 1,9; range = 13 - 27 days; 
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PLATE 42 Transverse position of the neonate, across 
the mother's abdomen and attached · to the 
nipple This posture \'las observed during the 
first week and ma i nta i ned when the mother 
fl ew 
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n = 18) the infants are first left hung up in the roof of the 
cage at night (PLATE 44), v/hile the mother flies off to feed. 
The age for this event in captive juvenile bats is comparable 
Vlith the age of the oldest wild juvenile (20 days) caugh t, still 
carri ed by the mother in fl ight at night \'Ih il e feedi ng. 

Increasing juvenile mass will decrease fl ight maneuverability 
and \'1ith the caged animal s it vias found that init iat ion of 
'hanging ' occurred when the juvenile mass reached a mean 20,5 % 
of the mother's mass (S.E.M. = 0,7; range = 18,5 - 23,1 %; 
n = 8). 

Detachment of the young by the mother, prior to feeding, was 
observed twice. The mother partially opens her wings and 
sl ightly bends upv!a rds to\1a rds the cage roof. Simultaneously 
the juvenil e rel eases its hold of the mother by its feet and 
stretches than up to hook into the nett i ng of the roof. The 
wing claws follow and when a four-point hanging position is 
achieved, the nipple is relinquished. The mother leaves and the 
youngster unhooks its wing claws, shakes its wings then wraps 
than tightly around itself. 

Retrieval of the young, non-volant, hanging bat by the mother 
after feeding, was frequently witnessed and depending on 
di sturba nce, occurs from 15 mi nutes to t~'10 hours after 
detachment. Without hesitation she flies up to her own infant, 
lands next to it, ~aces a wing around its body and gently draws 
it to her by pull i ng, in the \vi ng. The infant responds by 
stretching its nose downwards and searching for the nipple 
beneath her foreann. · When it has securely grasped the nippl e, 
it ~ooks into her ventral fur with its wing claws, lets go of 
the cage roof with its feet and positions itself across her 
body. She then closes both \'11 ngs ar'ound it. 

It is only at night \'lhil e the mother feeds that the non-volant 
young is detached and left hanging alone. During the day, until 
it can fly well, it remains attached to the mother and if 
di sturbed she Hi 11 fly off carryi n9 the juvenil e. One mother 
was observed carrying a juvenile (not yet able to fly), 34 % of 
her o\'m body mass, \·,hen she was di sturbed dUI~i ng the day by a 
10\-/ flyi n9 hawk. 

On t\'10 separate occasions at night, a non-volant, hangin9 
juvenil e \vas seen to I approach I (by taking steps across the cage 
roof) a lactant femal e \'/hich was not its O\'In mother. It 

attenpted to grasp her nippl e and attach itself, but she rapidly 
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PLATE 43 Ni ne day old juvenil e with newly opened eyes 

PLATE 44 Seventeen day old juvenil e, at the age when 
first left hanging in the cage at night by 
the mother 
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rej ect ed it by threa tening with an open mo ut h, 'clacking' noises 
and fl app i ng l'Iin9s. It would sean that the moth er recogni zes 
her own infant, but the inf ant cannot recognize its own mother. 

Latt er st ag e of th e mother/juvenile relationship and 
independ ence fr ~n t he mot her 

Dependence on th e mot her lasts from birt h until weaning at a 
mean age of 81,1 days. Flight initi ation (6.3.3.1) occurs 
before wean; ng, and volant unweaned juvenil es, betv/een 
approximately 60 and 80 days old, were seen flying up to the 
moth er, landing alongside and reaching across to grasp th e 
nipple . The mother responds by folding her wings around the 
youngster, I-/hich retilins its foothold on the roof. If disturbed 
at this stag e, moth er and infant fly off independently. 

After weaning the juvenil e no longer approaches the mother to 
suckle, is not folded in her wings, butmay hang independently 
close by. 

6.3.2.3 Milk analysis 

TABLE 24 presents the results of E. wahlbergi milk analysis and 
for canparison the equivalent values for Leptonycteris sanborni 
and Tadarida brasil iensis (Huibregtse, 1966). Although fats, 
non-fat solids and total neutral sugars \'/ere not analysed by 
Huibregtse (1966), the biochanical content of ~. \'>/ahlber_9.i milk 
is most simi1 ar to the mil k of the pollen and nectar feeder, 
Leptonycteris sanborni. 

Juvenil e behavi our 

6.3.3.1 Flight initiation 

Before early flight activity commences, the juveniles show signs 
of the impending event. During the day they hang by their feet 
fran either their mother's body or fran the cage roof and 
repeatedly stretch and flap their wings. The first short 
flights were witnessed during the day. The juvenile opens its 
wings, arches its back and stretches its nose down and back. 
After a few wing flaps it lets go with its feet and flies three 
to four metres across the cage roof. Landing is achieved in the 
same \~ay as the adults accol11pl ish it. It approaches the landing 
spot, swings its feet forward and up and hooks into the roof 
with its \'Iing cla\'Is first, follO\'/ed fractionally later by its 
feet. The wing claws let go and the bat swings head down 



TABLE 24 

• 

Composition of milk from E. ~~ahlbergi and comparable values 
from the mil k of Leptonycteri s sanborni and Tadarida 

brasil0!.!sis (Huibregtse, 1966) 

Cons tit ue nt Replicate Published values for 
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va 1 ues mean L. sanborni 1. hrasiliensis 
~ 

Tot also 1 ids (g/1 00 g) 11 ,3 12,7 12,0 12,1 34,4 
Fat (g/100 g) 2,9 4,1 3,5 - -
Non-fat solids (g/100 g) 8,4 8,6 8,5 - -
Protein (N x 6,25) 4,1 . - 4,1 4,4 11,1 

(g/100 g) 
Reducing sugars as 4,0 - 4,0 5,4 3,7 
lactose (g/100 ml)a 
Total neutral sugars 6,6 - 6,6 - -

(g/100 ml)b 

a Mean of four replicate determinations on a single sample 

b Mean of three replicate determinations on a single sample 
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attach ed only by its feet. 

The early phase i n fl ight development was found to occur in the 
captive bats at a mea n age of 53,9 days (S. E.M. = 1,7; 
range = 45 - 62 days; n = 11). The second phase of flight was 
achieved at a mean age of 61,8 days (S.E.M. = 1,9; range = 58 -
69 days; n = 7). Active canpetent fl ight (St age 3), as 
characterized by a i~illingnes s to fly \.men disturbed, 1·/as 
achiev ed at a mean age of 64,3 days (S.E.M. = 1,2; range = 60 -
70 days; n = 7). By cOtllpar ison the mini mum ages \,Iild juveniles 
Here caught flyi ng independ ently were 49 - 56 days, the 
difference probably being due to the observed retarded 
development in the caged bats, (3.3.1.2). 

6.4 DISCUSSION 

6.3.3.2 Establishment of the fruit diet 

Although as yet unable to fly and therefore fe ed themselves, the 
mean age at which captive bats first accepted fruit from the 
hand was 55,6 days (S.E.M. = 1,9; range = 45 - 61 day s ; 
n = 8). However actual self fruit-feeding did not occur until 
after the Stage 3 phase of flight was attained, at a mean age of 
71,8 days (S.E.M. = 4,7; range = 64 - 88; n = 8) and a mean 
ten days before weaning (PLATE 45). 

6.4.1 Parturition 

6.4.1.1 Time of day of births 

All births witnessed in this study occurred during daylight 
hours, which is consistent with the results recorded for other 
Chiroptera (6.1) and in particular for E. I</ahlbergi in Kenya by 
Wickler & Seibt (1976). This concurs with the general mammalian 
pattern of births taking place during the nonnal period of 
inactivity, character istic of the species. 

6.4.1.2 Labour and delivery 

Vertical, head dO\-m labour posture of the mother, and head first 
delivery presentation of the infant in S. wahlb er ~li follo \'1 the 
pattern recorded for other pteropids (6.1) and for the New World 
fruit bats of the family Phyl1ostornatidae (6.1). 
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PLATE 45 Seventy five day old juvenile) able to fly 
and feed on fruit, but not yet weaned 
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In order to determine Ivhy some Chiropteran species, notably the 
01 d and New Wor1 d fruit bats, shaul d r~ ul arly del i ver head 
first, whil e others , mainly of the fam.ily Vespert il ionid ae, 
should deliver breech first, the factors influencing 
presentat i on shaul d be exami ned. 

Wimsatt (l960b) suggested that size of f etus, length of 
umbilicus and quantity of amniotic fluid may affect the turning 
ability of an advanced fetus. Philpott {pers. comm .) remarked 
that in man the shape of the uterus determines the position the 
fetus adopts prior to birth. A further consideration is the 
size of the head in relation to the diameter of the pelvic 
gi rdl e (Ph il pott, pers. comm.). \~here the fit of the crani um 
into the girdle is tight, it is advanta~eous to the survival of 
the infant for the head to be presented first in order to 
prevent trapping of the umbilicus against the pelvis and so 
cause prsnature tennination of the fetal blood supply before 
respiration is initiated. 

A notable feature of E. wahlber[i at birth, is the ldrge, well 
developed, muscular muzzle, the significance of which lies in 
the necessity of the infant to ranain attached to the mother's 
teat. (Without this attachment the infant cannot retain hold in 
flight and was observed always to be lost). It may be surmised 
therefore that species \</hich carry their young in fl ight and are 
dependent on nipple attachment to retain their young, are born 
~/ith disproportionately large heads, in order to accommodate the 
extra muscular development for oral grip. 

It is tentatively suggested therefore that these species exhibit 
a head first delivery presentation to safeguard the infants 
survival. Evidence for a correlation between carriage of infant 
in flight and head first delivery is provided by several 
species; for example Artibeus jamaicensis (Bhatnagar, 1978); 
Artibeus planirostris' (Jones, 1946), Pteropus giganteus (Folsch, 
1967; and own observations), Rousettus. aegypt.iacus (Kulzer, 
1969; and own observations), Pteropus poliocephalus (Nelson, 
1965b; Ratc 1 iffe, 1931) and Epomophorus wahl bergi O~i ckl er & 
Seibt, 1976; this study). 

Conversely it is suggested that those srecies \·,hich do not carry 
their infants ;n flight, leaving thEm behind in a nursery \'Ihile 
feeding, have small heads at birth, and, as in 50 % of premature 
human births (Philpott, pers. conm.) (where the head is small in 
conparison to the body), breech del ivery is easily effected. 
Evidence for a correlation bet~"een nursery care and breech 
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delivery is pl'ovi ded by three vespertilionid spec i es ; 
Myot i s myot i s (Jober t , 1872 ; Kol b, 1977), Pl ecot us raf in es..9uei 
(P earso n, Ko ford & Pearso n, 1952), My ot i s .1uc ifugLls , (Turne r, 
Shaughne ssy & Gould, 1972; Wimsat t, 1945). 

A comprehensiv e investig ation of maternal behaviour and neonat e 
crani al breadt h i n rel ati on t o body si ze, in both I breech bi rt h' 
and 'h ead firs t birth' speci es , would be necess ary in order to 
confinn thi s sug gest ion. 

It was noticed in this study that during parturition 
E. '.'!a hl bergi becam e markedly qui et com pa red \-'lith the restive and 
sometimes hostile behaviour encount ered while handling non
partur ient f emal es. A similar behaviour HdS commented on by 
Bogan (1972) \'I'I'lile observing birth in Lasiuru:J cinereus. He 
offered the explanation that such behaviour might allovi a 
normally solitary tree roosting bat to t01erate the excessive 
physical contact of the yo ung or, that it might enable the bat 
to escape predation by r ffilaining quiet at a time \;lhen it is i11-
equipped to threaten or fl ee from a predator. 

Wimsatt (1960b) rffilarked that the duration of labour and the 
number of contract ions necessary to expel the fetus, has been 
recorded by several observers and both vary greatly even vlith 'in 
the Sillne species. He cited labour durations of as long as 285 
minutes in an exceptional case of a '\I/eakened ' 
Myotis austroriparius and as short as 1,5 minutes in 
Tadarida brasil i ensis (Shennan, 1937). 

It is difficult to compare the length of time parturition took 
in E. \'1 a 111 bergi \Iii th other speci es, si nce many authors do not 
state fr all v-Ih i ch po i nt in 1 abour they started t imi ng or \'1hether 
they finished at the birth of the infant or the delivery of the 
placenta. In Pteropus giganteus (Mallinson, pers. comm.) birth 
durat ion is recorded as 33 mi nutes, temJ i nat i ng at the bi rth of 
the infant and apparently starting during the labour phase. 
Ramakr 'ishna (1950) recorded 135 lilinutes for Cynopt erus sphinx up 
to the birth of the infant. A lengthy parturition of 255 
minutes, including placenta delivery \'/aS recorded for 
Artibeus jamaic ensis by Bhatnagar (1978 ). 

In E. \'1ahlbergi parturition from first contraction to placental 
delivery varied bet\;le en 210 minutes and 423 minutes. The longer 
parturition in the uninduced female \~as probably due to her 
primigravid condition, rather than t o the fact that t he other 
three (all parous) were induced and she "Id S not. 
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Several authors have noted that the pos.ition of the fetus in 
utero just prior to parturition is transverse (Wimsatt, 1960b). 
This would appear to be also true in E. wahlbergi judging by the 

. palpated position of the head in pre- labour gravid fenales. It 
was observed at the onset of the second labour phase that the 
fetal head suddenly became vi sibl e as a protuberant bul ge just 
beneath the vaginal opening during the contraction. This 
changing of position from transverse to longitudinal during 
labour, or just before delivery, has been recorded by ethey' 
authors (Jones~ 1946; \4imsatt~ 1960b). 

The pl acenta in all bats is probably deciduate (vJimsatt, 1960b) 
and most authors record its del ivery some time after the 
811ergence of the young, not immediately after it. 
Gopalakrishna, Khaparde & Sapkal (1976) \'litnessed the event 24 
minutes after infant delivery in Me92derma lyra; Folsch (1967), 
30 minutes after, in the fruit bat Pteropus giganteus and 
Shennan (1937), 30 minutes after, in Tadarida brasil iensis. 
Time intervals ranging up to 570 minutes (for an unidentified 
phyll ostomat id, Bl ake, 1885) have been 1 i sted for other 
monotocous Chiropteran species. 

In Eo wahlbergi the time interval bet\'/een infant birth and 
placental delivery fall well within these extremes, ranging from 
102 minutes to 137 minutes. The helplessness of the blind 
infant fruit bat and its inabil ity to hold securely onto its 
mother prior to its attachment to her nipple, suggested that 
placental delivery delay might serve a 'Hfeline' function as 
expostulated by Bogan (1972). Hhile the placenta rEmains 
undelivered, within the mother, the infant renains attached to 
her via the umbilical cord. If she is disturbed and has to fly 
at this stage, even though the infant is unattached to her teat, 
it will rena in with her because of the umbil i cal connect i on. 
Kul zer (1969) noted that o·nly after the infant had attached 
itself finll1y to the nipple, was the placenta extruded, an 
observation also made in this research. This theory, if 
correct, leads to the possibility of a tactile stimulus, ·that of 
the infant biting into or sucking from the nipple, being 
responsible for the uterine contractions \'Ihich deliver the 
placenta. 

6.4.1.3 Placentophagia 

Placentophagia \'Ias seen on four occasions in this study and ha!: 
been observed in most Chiroptera in 'tlhich births Here vlitnessed, 
including the frugivorous species Pteropus giganteu5 (Ftilsch, 
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1967) , Art ibeus pl ani rostr i s (aones, 1946) , Rousettus 

~l£.!J..a~ (Kul zer, 1969) and [. wahl bergi (Wickl er & Seibt, 
1976). This beh av iour is prev alent regardless of the nOI1-
carnivorou s nat ure of the di et and probably has important 
nutritiona l significance, pa rt i c u 1 a r 1 y prior to l ac tation onset 
and in speci es ~/l1ose protein intake is nonl1dlly lovl. 

6.4.1.4 Infant appearance at birth 

Young bats are large at birth, being in some species as much as 
28 % of their mother's postpartum mass (Goral akr ishna, Khaparde 
& Sapkal, 1976). The head, feet and thumb wing cla\·/s are 
disproportionately large, \\I\1ile the foreann and I'ting membranes 
are by comparison very small (\·Jimsatt, 1960b). Many 
Microchiroptera are born naked with a small amount of hair on 
the face and extrenities (Peal~son, Koford Z( Pearson, 1952; 
Wimsatt, 1960b). Frugivorous species, including E. wahlb ergi in 
tlli s study, hO\'Iever are born \·Ii th soft fi ne grey fur on the 
back, foreams and head , and naked on the chest, abdomen and 
Hi ng mellbranes (Bhatnagar, 1978; Jones, 1946; Kul zer, 1969; 
Mutere, J.968; Nel son, 1965b). 

Back and head furring in the new born is probably an adaptation 
to being carried in flight, since these are the regions which 
are exposed to movi n9 air currents. r~any of the speci es born 
naked are not carried in f1 ight, but are left in large nurseries 
\'Ih ere body wa nllth is mil i nta i ned by a I body rna ss i ng' eff eeL 

6.4.1.5 Induct ion 

Prostaglandin E2 (which is the active ingredient in 
'prostin E I) has been used successfully to induce abortions in 
second and third trimester human pregnancies, as well as 
parturition at full tenn (Karim, 1972). In this study however a 
low success rate of 18,75 % was realized in E. wahlbergi. In 
those bats Hhere the induction attenpt fail ed, natural birth 
took place t~/O to eleven days later. This combined v/ith the 
documented success of prostaglandins to promote delivery 
regardless of the gestation state, would suggest that induction 
did not fail just because "it was attEmpted Itoo soon ' • 

The method of Prostaglandin introduction may have been 
responsible for some failures, since retention of the 
suppository was a problen in a few individuals. If this was at 
fault, a greater success rate may be achieved by intravenous 

prostaglandi n injection. 
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It must al so be cons'idered vli1ether the 'Prost in E 1/' Syntoci non' 
treatment actually fail ed to induce birth and that the thref~ 

successful cases Haul d have del i vered unyl'wy ~" i thout 
interference. Certainly the low success rate throws doubt on 
the effectiveness of this form of induction in ~.:....J'/ahlberiLi. 

Lactat 'j on 

6.4.2.1 Lactation length and age of infant at weaning 

Lactation length and age at weaning occurred in E. I'/ahlbergl at 
2,7 months. By comparison Nelson (1965b) gave age at \'/eaning in 
Pteropus 129 'I i ocephal us as four months, v/hil e Kul zer {l958) 
r~larked that lactation in captive Rousettus aegyptiacus lasted 
about six weeks. Mutere (1968) commenting on Ku'lzcr's findings~ 
thought that the period of lactation \'las probably less in the 
\'Ii 'I d. 

6.4.2.2 Mother/juvenile relations 

The findings of this study regarding the tenacious grip of the 
neonate on the mother have been confi rmed by other 
Megachiropteran vlOrkers. Kul zer (1969), Nel son (1965b) and 
Ratcl iffe (1932) have all described the fi nn attachment of the 
young fruit bat to the mother by means of tiny teeth into the 
nipple and wing and feet claws into the fur. The youngster with 
its muscul ar mouth, deciduous teeth present at bi rth and \.,rell 
developed claws (Kulzer, 1969) is well adapted to clinging onto 
the mother during the time it is carried in fl ight. 

After approximately 17 days the non-volant infants of E. 
\'Jahlbergi are no longer carried at night in flight, but were 
first seen hanging from the cage roof, v,41ile the mother feeds. 
This behaviour was also observed for ~.,rild PterolJus poliocephalus 
(Nelson, 1965b) and for captive Pteropus rodricensis (Carroll, 
1981). In these species 'hanging initiation' \vas first observed 
at three weeks of age and Nel son (1965b) noted that 
P. poliocephalus mothers left their young in \'iell-foliated 
nurseries. 

This behaviour was observed in captive mothers and infants, and 
because the cage was both a day and night roost as \vell as a 
feeding place to than, it was impossible to determine if, in 
\l/ild individuals, the young \'lOuld be left hanging in the day 
roost, of carried closer to the feeding location and left in a 
night roost. 
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Why do fruit bats not 1 eave thei r young behi nd ina nursery from 
birth as do some cave-dvlelling rHcrochiropteran srecies? The 
probable answer is that cave-dwelling spectes have an almost 
predator-proof roost to safely leave their young in. Tree 
roosts hO\'/ever are open to the sky and to nocturnal aerial and 
arboreal predators. In the first v-;eek the young are blind, and 
a species Hhieh relies l argely on its night vision, probably 
could not be expected to r 0na in motionless if danger threatened. 
HO\'/ever at a later age the danger to an overweight.ed flying and 
feeding mother, probably outweighs the dang er to an alert and 
sighted (if non-volant) hanging young. 

In this study it was noted that the mothers appear to recognize 
thei r ovm young, but that the convel'se \,/,1 s not true. The 
fi ndi ngs of Nel son (l965b) duri ~ recognit i 011 experiments with 
P. poliocephalus confinll this. It was not possible during this 
work to determine the means by \;f\)ich identification occurs, but 
researchers \vorki ng ' i'lith fruit bats hOl'/ever have suggested 
olfactory stimuli (Kulzer, 1961; Nelson, 1965b). Turner, 
Shaughnessy & Gould (1972) and Kolb (1977), both working with 
~1yotis species concluded recognition of nursery infants in cave 
roosts by mothers was achieved by ultrasonic communication and 
smell. 

6.4.2.3 Milk analYSis 

The results of milk analysis in E. wahlberg; suggest that diet 
affects milk composition. This \vas confinned by Huibregtse 
(1966) who found a high carbohydrate and low protein content in 
the milk of the nectar and pollen feeding bat, 
Leptonycteris sanborni Compared to the insectivorous bat 
Tadarida brasil iensis. 

Juvenile behaviour 

Canpetent flying \'las achieved in E. wahlbergi at approxilnately two months 
of age (x = 64,3 days), self feeding about seven days later (x = 71,8 
days) and total independence of the mother ten days after this (x = 81,1 
days). By comparison P. poliocephalus (Nelson, 1965b) was observed flying 
and feeding Jt three months of age and Ratcliffe (1932) noted independence 
of young Australian pteropids at four months of age. 

6.4.5 Subj ect for further work 

This chapter has suggested that features such as del ivery presentation and 
appearance and development of the infant at birth may be related to the 
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type of maternal care involved. Further investigation of behavioural and 
anatomical adaptations to the tvw main modes of maternal care, the I massed 
nursery care of cave-dwelling microchiropts ' and the I solitary carried-in
flight-care of arboreal megachiropts ' was not I'lithin the scope of this 
\'Iork, but I'loul d wa rrant i nv est igat i on on the grounds of rev ea 1 i n9 
1'lOrth\'Ihile canparative reproductive infonllation. 

6. 5 SU~1MARY 

Parturition, lactation, maternal care and juvenile behaviour were observed 
in a captive colony. Birth in E. \'1ahlbergi took place during daylight 
hours between I1hOO and 17h34. The labour posture was head down and 
del ivery occurred afte!~ apprOXimately three hours labour. Del ivery 
presentat i on Via shead first and pl acenta 1 del i very occurred about two 
hours after infant birth. At birth the young are blind, furred on the 
back, head and foreanlls) and naked on the abdomen, chest and face. The 
muzzle is disproportionately large and the new born may weigh up to 20,27 
% of the mother ' s post partum mass. Pl acentophagia was seen to occur. 

Three bi rths \'lere i nduc ed by use of prostagl andi n E2 and oxytoci n. The 
total success rate hO~'lever \'las 10H (18,75 %). 

The eyes of the young open at about ten days and the mother carri es the 
infant constantly with her until about 17 days after birth. After this 
the young were hung up fran the roof of the cage Hhile the mothers fed, 
and then were retrieved. 

Analysis of the milk revealed a higher carbohydrate and lower protein 
content than that found in the milk of an insectivorous . bat suggesting 
that diet affects the biochemical canposition. 

Juveniles becoole co.npetent fl iers at a mean age of 64,3 days and were able 
to feed for themsel ves at 71,8 days. They did not become independent of 
the roother, hO\'Icver until after weaning at a mean age of 81,1 days. 

An explanation is offered for the time interval bctl'leen infant and 
placental del·ivery. it is suggested that the umbil ical cord acts as a 
tanporary 'lifeline ' until attachment to the nipple is achieved. 
Delivel~ presentation and appearance of the young at birth are related to 
the method of care by the mother. Length of parturition, del ivery . 
presentation, placentophagia, infant appearance, length of lactation, age 
at weaning and age at different behavioural stages in the juvenil e, are 
conpared with recorded data for other Chiropteran species. 
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Of the 1085 bats caught during this study, 414 were chosen to provide data 
for the estab 1 i shment of age determi nati on procedures. They were chosen 
because their age was either known or could be estimated from recaptures, 
from age dependent features such as 1 ack of epaul ettes and pregnancy in 
primigravid females, or from captivity. 

These bats were classed under the categories listed below, and according 
to these categories were assigned to the mean ages listed in TABLE 1, 
APPEND IX 1. 

(a) KNOWN AGE SPECIMENS 

(i) Cage born bats. These bats were caught and tagged on the 
day of birth and thereafter cage maintained until 24 weeks 
old. At a minimum of three days and a maximum of 14 days, 
they were caught and examined. This category provided 
narro\'/ range age data in the 0 to 5,0 month age groupings 
of TABLE 1, APPENDIX 1. Ranges of four to 10 days for each 
:age grouping reflect the coalition of data from several 
kno\'tn age bats \'/hose ages were around the mean age val ue, 
in order to provide sample sizes of two or more. 

(ii) Wild neonates. Neonate is used to refer to newly born bats 
whose eyes have not yet opened. Observations from cage 
born bats have shown that neonates are between one and four 
days old. This category provided data in the 0 age 
grouping of TABLE 1, APPENDIX 1. 

(iii) Recaptured neonates. These are young bats captured as 
neonates, ear tagged and later recapt ured and are of known 
age. They provided data for the 0 to 8,5 age groupings. 
(TABLE 1, APPEND IX 1). ' 

(b) APPROXIMATE AGE SPECIMENS 

(1) Juveniles. Juveniles are bats from birth to 3,0/4,0 
months, their age being calculated on the basis of 
deciduous tooth loss and permanent tooth eruption as 
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described in 3.2.2.1 and 3.3.3. At 3,0/4,0 months a full 
permanent dentition is attained. The mean age of loss and 
eruption of teeth (TABLE 3) \>,as used to give a single age 
value and these bats were used to provide data in the ° to 
3,5 month age groupings of TABLE 1, APPENDIX 1. 

(i il Subadul t mal es and femal es. Mal es wi th full permanent 
dentition, no epaulette development, abdominal testes, and 
mass and forearm (100 g, 84,0 mm) were classed as subadult. 
Information from recaptured males showed that they first 
develop epaulettes at 13 months old. On this basis the 
mal e subadul t category 1 i es between 3,0/4,0 and 13,0 
months. 

Femal es wi th full permanent dentition, not pregnant and 
showing no nipple enlargement were classed as nulliparous. 
Information from recaptures showed that females first 
conceive at 5,0/6,0 months old. On this basis the female 
subadul t null i parous category 1 i es between 3,0/4,0 and 
5,0/6,0 months. 

The age range of subadul ts was further narrowed by 
employing the following information: 

Over a period of 57 months, it was found that 81,7 % of all 
bi rths occurred from November to January, whil e 9,48 % 
occurred from March to ~1ay (FIGURE 49 shows percentage of 
conceptions and births per month). By taking the month of 
capture into account and working back to the main birth 
season in most cases (or to the minor i~arch;r4ay season in a 
few cases where the linear measurements were inconsistent 
wit h tho s e b 0 r n inN 0 v e m be r / Jan u a ry per i 0 d ), the age was 
estimated to within two or three months. For the purposes 
of this study it was assumed that growth of the 
November/January born bats was at the same rate as those 
born in the March/r~ay bi rth season. 

This category provided age data in the age groupings 3,5 to 
11,5 months of TABLE 1, APPENDIX 1. 

(iii) Primigravid bats. The method for narrowing the estimated 
age range used in the previous cat~gory was extended to 
estimate the ages of females pregnant for the f1 rst time. 
(Primigravid bats are palpably pregnant, yet have little or 
no n i ppl e di s ten sian). These females are between 5,0/6,0 
and 12,0 months and their age was estimated by ';/orkin9 back 



289 

to the bi rth season. The category provided age data in the 
5,0 to 11,5 age groupings of TABLE 1~ APPENDIX 1. 

(iv) Recaptured bats. For recaptured bats, their age on first 
capture was estimated as described above in (b) (i), and 
(il) and (iii) and by adding the time interval between 
subsequent captures to this, their age was estimated. This 
category provided data in the 6,5 to 58,0 month age 
groupings of TABLE 1, APPENDIX 1. 

Paucity of data for ages 01 der than 9,0 months, resul ted in 
some age groupings of necessity covering a wider age 
period. For example, the age grouping 12,5 months, had a 
range of 10 to 13 months. 

(v) Cage maintained bats. These bats were wild captures or 
recaptures, their age estimated as previously described 
then caged for up to two years. They provided data in the 
age groupings 11,5 to 58,0 months of TABLE 1, APPENDIX 1. 

Numbers of bats used and the number of measurements they 
provided from each of the categories listed above ((a) 
(i) - (iii) and (b) (i}-(iv)) are given in TABLES 2 and 3, 
APPEND IX 1. 



APPENDIX 1 TABLE 1 

Age groupings 
(mean age in months) 

o (birth) 
0,25 
0,5 
1,0 
1,5 
2,0 
2,5 
3,0 
3,5 
4,0 
4,5 
5,0 
6,5 

£90 

The chronological age groupings into which the 
animal s from the age assessment categori es 

(described in APPENDIX I) were divided 

Range of ages Age groupings Range of ages 
\'1ithin age (mean age in months) within age 
grouping grouping 

0-4 days 8,5 8 - 9 months 
7 - 10 days 11 ,5 10 - 13 months 

13 - 16 days 15,5 14 - 17 months 
28 - 32 days 19,5 18 - 21 months 
42 - 46 days 23,5 22 - 25 months 
56 - 63 days 27,5 26 - 29 months 
70 - 75 days 32,5 30 - 35 months 
84 - 91 days 38,0 36 - 40 months 
98 -105 days 43,0 41 - 45 months 

112 -120 days 48,0 46 - 50 months 
126 -135 days 53,0 51 - 55 months 
140 -150 days 58,0 56 - 60 months 

6 - 7 months 



APPENDIX 1, TABLE 2 Numbers of bats and' measurements used from the age assessment categories 

Age assessment Linear measurements 
categories Forearm length Eye-nose distance Zygomntic width 

Total rv1a 1 e Female Total Male Female Total Male Female 

4- 4-VI 4- 4- VI 4- 4-VI 4- 4-VI 4- 4-VI 4- 4- VI ~ 'bj 4- 4- VI 4- 4-VI 
0 O+" 0 o +" 0 O+.> 0 o +" 0 O+" 0 O+.> 0 o +.> 0 o+.> s:: s:: s:: s:: s:: s:: s:: s:: s:: oVl o OJ o III oOJ o VI o OJ o VI oOJ o VI o OJ o VI o<lJ o VI oOJ o VI o OJ o VI oOJ 
VI+" f.I) E VI+" VIE VI ~.,) VIE VI +.> VIE VI +.> VIE VI +" VIE VI +.> VI E VI +" VIE VI +" VI E 
o ~ 0- O~ 0- O~ 0- O~ 0- O~ 0- o ~ 0- O~ 0- O~ 0- O~ 0-s::..o S::E s:: ..0 s:: E s:: ..0 S::E s:: ..0 S::E s:: ..0 S::E s:: ..Cl s:: E s:: ..0 s:: E s:: ..0 ':: E s:: ..0 S::E 

(a) (i) 19 19 10 10 9 9 18 18 9 9 9 9 13 13 7 7 6 6 
( 115 ). ( 62) (53) ( 114) (61 ) (53) 

(a) (ii) 3 3 3 3 0 0 3 3 3 3 0 0 2 2 2 2 0 0 

(a) (iii) 3 3 2 2 1 1 0 0 0 0 0 0 2 2 2 2 0 0 

(b) (i) 79 79 51 51 28 28 77 71 51 . 51 26 26 40 40 23 23 17 17 
(b) (in 154 154 124 124 30 30 148 148 241 24 24 24 71 71 63 63 8 . 8 
(b) (iii) 34 34 34 34 29 29 29 29 12 12 12 12 I 

I 

(b) (iv) 85 108 40 55 45 53 76 94 33 44 43 50 31 41 16 22 15 19 
(b) (v) 37 89 3 31 34 58 37 80 3 24 34 56 4 9 1 2 3 7 

I 

TOTALS _4_1~ /489 233 276 181 213 388 449 223 255 165 194 175 190 114 121 61 69 
- --- -- - - -- -- --------- - - -- ---- - --~---- ~-- --- ~-- ---- L. - ---

() number of measurements of cage born bats used in FIGURES 18 to 21 N 
t.D 



APPENDIX 1, TABLE 3 

Age assessment 
categories 

Total 

4-
0 

o III 
III +' 
o~ 
C:.£:I 

(a) (;) 8 
(a) (iii) 3 

(b) (i) 77 
(b) (ii) 145 
(b) (iii) 27 
(b) (iv) 73 
(b) (v) 36 

TOTALS 369 

Numbers of bats' and measurements used from the age assessment 
categories 

Tooth height measurements 

P3 tooth height upper C tooth height 

Male Female Total Male Female 

4- III 4- 4- III 4- 4- III 4- 4- III 4- 4- III 4- 4- III 
o+-> 0 o+-> 0 o+-> 0 o+-> 0 o+-> 0 o ·p 

c c: c: c: c: c: 
oQ) o III oQ) o III o Q) o III oQ) o III o Q) o III oQ) 

IIlE III +' IIlE III +' IIlE III +-> IIlE III +' IIlE III +' III E 
0- o~ 0- o~ 0- o~ 0- o ~ 0- o~ 0-
C:E c: 1:J c:E c: .£:I C:E c: 1:J C:E c: 1:J c:E c: .£:I c: E . 

46 5 23 3 23 5 19 3 15 2 4 I 
3 2 L 1 1 L 2 2 2 0 a 

77 51 51 26 l6 47 47 30 30 17 17 

145 121 121 24 24 107 107 95 95 12 12 

27 27 27 14 14 14 14 
89 32 43 41 46 60 70 26 33 34 37 

160 3 32 33 128 31 133 2 24 29 109 

547 214 272 155 275 266 392 158 199 108 193 

N 
\.!) 
N 
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APPENDIX II 

Growth curves 

While undertaking a critical analysis of the Von Bertalanffy (1938) growth 
equati on for appl i cati on to bat growth data, it became apparent that no 
recent attempt had been made to rev; ew growth curve 1; terature and that 
such an undertaking would be of value to this research. 

Both mathematicians and biologists over the last fifty years have 
developed, adapted and modified a variety of formulae designed to describe 
organic growth. Three early growth equations, whose mathematical 
properti es permit the most rat; onal appl i cati on to the normal growth of 
organisms have provided the basis for most subsequent computations. 

They are : 

where: 

The Gompertzian function (Gompertz, 1825) 

-kt 
-be 

. (1) 

Brody's function (Brody, 1937; 1945) 
(Also known as the monomolecular function) 

-kt 
w = W 1 - be t 00 

The logistic function (Robertson, 1923) 
(Also known as the autocatalytic function) 

-kt 
w t :: Woo / 1 + be 

w = size at time t 
t 

(2) 

(3) 

Woo = the ul timate 1 imiti ng val ue; the si ze asymptote 

b = a constant reflecting the choice of the zero of time 
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e = the exponential or natural logar ithm 

k = the rate constant whi ch determines the spread of the 
curve along the time axis 

t = time (age of specimens) 

These three functions can be used to give a graphical presentation of 
growth as a curve. 

The Gompertzian function 

A growth curve can be defined as a mathematical rel ationship between the 
size of an animal and time (Fabens, 1965). The growth curve constructed 
from the Gompertzi an equati on (1) is asymmetri cal, infl ecti n9 at wt = \(je 
and ; s bas e don the con c e p t 0 f ex p 0 n en t i a 1 g row t h rat e dec ay wit h tim e. 
It was originally developed by Gompertz in 1825 in connection with human 
mortality studies. Since then the relationsbip was discovered 
independently by Wri ght (1926) and 1 ater by Heymouthl, Mct-li 11 ian & Ri ch 
(1931) and \~eymouth & Thompson (1930) who developed it for the studi es on 
the gro\,/th of molluscs and gave it a physiological interpretation. 

Only a few studies have appeared in which the Gompertz function has been 
fi tted to actual growth measurements (Courti s, 1932; Davi dson, 1928; 
Oem; ng, 1957; La; rd, 1967; Weymouth et al., 1931; Weymouth & Thompson, 
1930) • 

Lai rd, Ty101' & Barton (1965) state that ; n the growt h of normal organi sms 
the Gompertz equati on fai 1 s to fi t the 1 ast part of the growth curve, 
because, as noted by Weymouth et al. (1931), in the'ir study of the razor 
c1 am (S; 1 i qua patu1 a), there is a tendency for 'growth to be mai ntai ned at 
a higher rate than the first part of the curve would lead one to 
predi ct'. In order to overcome thi s di ffi cul ty~ Uli rd et a1. (1965) 
derived a modified form of the Gompertz function, supplemented by an 
arithmetic growth curve which fits the accretionary gro\<{th displayed by 
many animals at early maturity. Sikov & Thomas (1970) used Laird's 
reformulation of the classical Gompertz growtn curve to produce a 
sat; sfactory fi t to prenatal growth data from the rat. 

Although it has been shown that many sets of growth data do not fit this 
type of curve (lyne & Verhagen, 1957; Needh am, 1964; RichardS, 1959) 
some logical and experimental support has been found for it (Deming, 1957; 
Medawar, 1940). 

Brody's function 
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Brody's function (2) was developed by Brody in 1937 and later modified by 
him in 1945. It has been popular with biologists for some time and has 
been used particularly in the analysis of rodent growth. Chew & 
Butterworth (1959), Lackey (1967), Li nzey & Linzey (1967) and Roubi cek, 
Pahnish & Taylor (1964) used the arith-log method proposed by Brody (1945) 

in which measurement values were plotted on the log scale and age on the 
arithmetic scale. From these linear sections, Instantaneous Growth Rates 
(IGR) were calculated: 

where: 

k (IGR) = (4) 

k = the instantaneous percentage rate of growth for the 
unit of time in which t and t are expressed 

W
2 

e and H1 e = natural 1 ogari thms of the measurements made 
at tl and t2 

tl and t2 = time at which m.easurements Hl and W2 were 
made 

Laird et a1. (1965) have rejected Brody's function stating: 

'The monomol ecul ar equa ti on can be di sposed of at once; we can observe 
that growth is fitted, even in the post natal period, only beyond the 
inflection point, the earlier data points trailing off to the left of the 
curve' • 

The logistic function 

The logistic equation (3) produces a curve which is symmetrical around its 
poi nt of i nfl ecti on and its rel ati ve growth rate decl i nes 1 i nearly \'Ii th 
i ncreasi ng si ze. It has been used from a theoreti cal standpoi nt 
(Robertson, 1923) and as a convenient empirical curve for describing 
growth (Merrell, 1931), especially the growth of populations (Grimsde1l & 
Bell, 1972; Lai rd et al., 1965; Pearl, 1925). 

Sikov & Thomas (1970) f; ttcd rat prenatal gro\,/th data to both the 
symmetrical logistic (3) and the Gompertzian equations (1) and found that 
the logistic gave the better fit for the observed specific growth rate 
over the .range of gestation studied: as well as giving fitted curves with 
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a smaller residual sum of squares than any comparable Gompertz curve. 

Laird et al. (1965) also compared the Gompertz with the logistic function 
using both to compute age changes in the specific growth rate from one set 
of raw data. They found that the Gompertz equation offered the most 
economical description of the observed changes. 

In the field of human biology, a simple logarithmic equation has been used 
to describe preadol escent gro\'vth (I srael son, 1960). An exponent; al 
equati on has been used by Jenss & Bayl ey (1937) to descri be the fi rst si x 
years of life. Count (1945) however wished to describe human growth from 
conception to adulthood. He therefore divided growth into three phases 
and for the first two phases used logarithmic expressions of the type used 
by Israelson (1960). For the third phase, involving growth to the 
asymptote, he applied a complex form of the logistic, the skew logistic. 

Prior to Count's work, Pearl & Reed (l92S) successfully employed the skew 
logistic to describe grm'lth in a variety of plant and animal material. 

A further type of logistic has been used in growth studies. Carmon, 
Galley & Williams (19G3) applied the reciprocal of the regression equation 
to obtain the logistic function: 

1 = 1 
Y o:+f3pt (5) 

where: 

Ct = the asymptotic parameter 

f3 = changes in y as t passes from 0 to 00 

P = the factor by which the deviation of y from the 
asymptotic value is reduced every time a step is 
taken along the x axis 

This was used in a detailed report to describe growth and development in 
deer mice (Peromyscus maniculatus). 

The Von Bertalanffy function 

Several growth model s have been devi sed whi ch fi t into the category of 
having parameters of physiological significance. The best knO\,/ii and most 
frequently used of these is the Von Bertalanffy function (Von fiert alanffy, 
1938; 1941; 1957; 1960). In commenting on this function Needham (l964) 
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remarked: 

IOn the combined scores of biological rationale, ability to fit actual 
results and abilities to confirm and predict other fact~ about growth and 
metabolism, the relation of Von Bertalanffy is of outstanding value. 1 

The Von Bertalanffy growth model is based on the concept that growth 
occurs when and to the extent that anabolism exceeds catabolism, the 
anabolic factors acting in proportion to volume. In deriving the equation 
Von Bertalanffy started from the ·allometric relation during growth, 
between an animal's metabolic rate and its mass, claiming that the slope 
of the allometric line (m) may have three possible values, thus 
recognizing among animals three metabolic types. 

The general form of this equation in current use is that proposed by 
Beverton & Holt (1957). 

where: 

l 
t 

w 
t 

e 

t 

-k (t-to) 
:: L 1 - e . 

CIO 
for linear growth (6) 

= W 1 - e 
CIO 

= 

= 

= 

= 

-k (t-t ) 3 o . 
for growth in mass (7) 

asymptotic mass and length, the maximum that 
an animal can attain under given conditions 

coefficient of catabolism, a constant 
representi ng the catabol ism of body 
materi al s per unit mass (1 ength) and time 

exponential of natural logarithm 

age of animal s 

theoretical age at which the animal would 
have zero mass (l ength) wi th the same growth 
pattern as that observed in later life 

The equation has been used to fit gro\'/th curves for a great variety of 
species, including whelk (Dicathais aegrota) by Phillips & Campbell 
(l968), bivalve mollus'c (r~acoma balthica) by Cloern & Nichols (l978), 
Lates calcariser by trlLtnro (1982), plaice (Pleuronectes platessa) by 
Beverton & Ho 1t (1957) and Graham (1956), cod (Gadus call ari as), North Sea 
sole (Solea vulgaris) and haddock (Melanogrammus aeglefinus) by Beverton 
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& Holt (1957), flat headed sole (Hippoglossoides elassodon) by Cloern & 
Nichols (1978), elephant (Loxodonta africana) by Hanks (1972) and Sherry 
(19 78), b u f fa 1 0 (~n c e r 0 s c a f fer) by S; n c 1 air (197 7), Bur c hell I s z e bra 
(Eguus burchelli) by Smuts (1974), impal a (Aepyceros mel ampus) by Brooks 
(1978) and Howells & Hanks (1975), eland (Taurotragus oryx) by Jeffrey & 
Hanks (1981), bl ue wil debeeste (Connochaetes taurinus) by I3raack (1973) 
and by Attwell (1977), waterbuck (Kobus ell i psi prymnus) by Mel ton (1978), 
1 i on (Panthera 1 eo) by Smuts, Anderson & f\usti n (1978), Southern el ephant 
seal (Mirounga leonina) by Condy (1980), Eptesicus fuscus by Kunz (1974) 
and rock dassi e (Procavi a capensi s) by Fai rall (1980) and Steyn (1980). 

Several authors have modified the Von Bertalanffy function to suit species 
wit h sea son a 1 g r 0 \'/ t h pat t ern san d d a tao b t a i ned at i r reg u 1 art i m e 
intervals. Cloern & Nichols (1978) incorporated a time varying 
coeffi ci cnt and s i gni fi cantly improved the capabil i ty of the Von 
Bertal anffy equation to describe seasonal growth in r~acoma bal thi ca and 
Hippoglossoides el assodon. Gulland & Holt (1959) and Munro (1982) both 
described methods for estimating the parameters in the equation from data 
obtained at variable time intervals. 

Popular though the Von Bertalanffy function has proved to be, it has been 
severely criticized by some authors. Hanks (1972) examined the two 
parameters, k and to' k the constant of catabol i sm was only shown to have 
any physiological significance in starving animals. of short li fe span. 
Hanks remarked that in an animal wi,th a long life span, it is possible k 
might be physiologically significant over a short time period, under 
certain prescribed nutritional conditions, but not over a period of 60 
years of varyi ng nutri ti anal status, as in the case of the el ephant. t o 
represents a theoret i cal age at \tlhi ch the anim a 1 \'/oul d have a zero mass 
with the same growth pattern as that observed in later life. Clearly, in 
practi ce to is art; fi ci a1, as the adul t pattern is never found at the 
earliest age. He therefore concluded that there is little biological 
significance in the parameters contained in the Von Bertalanffy equation. 

Knight (1968) noted the popular use of the Von Bertalanffy curve and 
proceeded to exam; ne the val i di ty of the parameter La>' He ci ted 
references (Graham, 1933; Ketchen & Forrester, 1966) in whi ch truncated 
growth data (that is data terminating just before or just at the point of 
which maximum size is reached) was used for calculating the asymptote. 
L 00 cal cul ated in thi s manner woul d be meani n91 ess and the data unsui ted 
to a Von Bertalanffy curve. Knight concluded by warning of the danger of 
forei n9 any growth curve on i nappropri ate da tao 

Roff (1980) went further and pub 1 i shed a paper proposi ng the ret; relllent of 
the Von Bertalanffy function on the grounds of extreme difficulty in 
fitting the equation in a statistically satisfactory manner. 
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Richards (1959) examined the Von Bertalanffy growth function and found 
that the derivation of the growth rate (k) contained assumptions and 
approximations which cast doubt upon its theoretical validity. In 
particular, Von Bertalanffy rejected any values for the slope of the 
allometric line (01), over one. Richards remarks that if m is assessed 
from the growth data instead of from 'dubiously relevant metabolic 
studi es', the Von Bertal anffy functi on woul d fi nd i ts chi ef appl i cati on 
with values of m greater than one. He felt that values of m much 
exceeding unity are necessary if the general function is to have wide 
empirical application. On this basis, he derived a function from the Von 
Bertal anffy equati on contai ni n9 four parameters instead of three; Lex/Loo' 
to' k and m. This extended form of the equation \\las applied by Richards 
(1959) to plant growth and later successfully used on animal data (White & 
Brisbin, 1980; Hhite & Ratti, 1977). 

The Weiss and Kavanau growth model 

A second important growth model based on physiologi cal concepts is that 
developed by Weiss & Kavanau (1957). It is based on the principle of 
growth regul ation by negative feedback and is supported by much 
experimental evidence including compensatory growth after injury and 
growth regul ati on by organ extracts. Thi s method however has not found 
popularity and there are few references to its practical application, the 
probable reason being the extreme complexity of the methods used for 
determining the parameters. 

The Walford plot 

A graphical method for fitting e~ponential growth curves was developed by 
Wal ford (1946) resul ti n9 ina 1 i near transformati on of the usual growth 
curves. He showed its application for two molluscan species, four species 
of marine fish and three mammal species. The method was used to describe 
growth of the commerci a1 whel k (Bucci num undul atum) by Hancock (1963). 
Since then the technique has been used widely in fisheries research 
(Phillips & Campbell, 1968). 

The polynomial regression 

A frequently used but purely empirical approach, which can adequately 
present the growth data in a summarized form, but has no pretence towards -
growth predictions. is the application of the polynomial regression 
formula. Welch (1970) and Zerbe (1979) both ad apted the high degree 
polynomi a1 to describe human growth. Bunak (1946) and Roff (1980) 
advocated the use of parabol ic functions. Lyne & Verhagen (1957), who 
fail ed to fi nd a good fi t for thei r marsupi al gl~owth data, used a 
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combination of a parabola for the early part of the growth curve and an 
exponenti a1 for the asymptotic section. Beverton & Holt (1957) suggested 
the use of hi gh degree po1ynomi al sin such cases where the Von Bertal anffy 
functi on \,/as unsati sfactory. 
Stevens (1951) adequately summari zed the situati on: 'A 1 though the fi e1 d 
of appl i cati on of the po1ynomi a1 regressi on formul a is extremely \'1i de, 
there yet exists a large number of regression problems for which they are 
unsui tab 1 e, ei ther because the po lynomi al curve in fact does not provi de 
an adequate graduation of the data or because the curve is capable of 
taking a form which must be rejected intuitively. Perhaps the most 
frequently encountered type of problem for whi ch a po lynom i a 1 regressi on 
is clearly unsuitable is one in which the value of the dependent variable 
y, steadily approaches an unknown asymptotic value, as x passes to 
i nfi ni ty' . 

Stevens asymptotic regression 

Where organic growth proceeds to\'/ards an asymptote, as does mammal ian 
growth, the asymptotic regression for~u1a, as suggested by Stevens (1951) 
can be employed. 

where: 

(8) 

y = the size of the animal 

a = the asymptotic value of y 

a = the change in y when x passes from 0 to + 00 

p = the factor by which the deviation of y from its 
asymptotic value is reduced every time a step is 
taken along the axis of x . 

x = the age of the animal 

A1 though not derived from a physi 01 ogi cal process, the three parameters 
have biological significance, a being the asymptote of growth, B the total 
growth achieved and p the rate of growth. 

I tis i n fa c tau n i ve r sal e qua t ion w h i chi sus e din eve ry bra n c h 0 f 
science. It is Newtonls Law of Cooling, ~1itscherlichls Lm,,' describing the 
response to a fertilizer and equally useful for representing the growth of 
an organism from birth to maturity. 



301 

In 1951 computer development was in its infancy and the problem of using 
this method of curve fitting was the enormous arithmetic labour involved 
in determining the parameters a, sand p. With the inception of early 
computer methods Rothampstead Experimental Station drew up a program for 
the application of this formula. 

Following a paper by Hiorns (1965) in which techniques for fitting Stevens 
asymptoti c regression were put fon'lard, Phil 1; ps & Campbell (1968) appl; ed 
the method to the whel k (0; catha; s aegrota) data. Its use for mammal; an 
growth seems to have been overlooked, though it has been used to describe 
growth in some spec; es of ; nsect; vorou s bats (Stebbi ngs, pers. comm.). 



APPENDIX III 

GrOl,lth, and tooth growth/v/ear curves derived from an asy-mptotic 
function: y = a + 8 pX 

Introduction 

Stevens (1951) has shOl'/n the basis of a method to fit the equation: 

y = a + 13 pX (0 < P < 1) 
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(l) 

to an appropriate set of data. Because of the large amount of computation 
necessary in the process, and the non-availability, at that stage, of 
canputers, certain averaging . of the data, with its resultant loss of 
generality, was required. Presumably a sample of any number' of observations 
could have been handled; ho\,/ever, reduction to an effective set of five, six 
or seven averaged points \'/as required so that a reasonable value of P could be 
estimated and thereby a covariance matrix evaluated. An inversion process 
yielded values for the parameters a and e as \'/ell as a correction factor to be 
applied to the original estimate of p. The fitted curve was thus dependent on 
these three parameters as evaluated, and no further modification \'Ias 

contenpl at ed. 

The degree to which the initial estimate of p affected its final assay \iaS not 
di scussed by Stevens (1951). Cons ideri ng that the i nit i a 1 est imate was 
obtained via the fonllu1a: 

Estimate of p = Y 
1 

Yo' y 

(2 ) 

n-1 

where the values of yare ordered into a descending set, and \'/here each y 
represents an averaged set of ordinates over a specific range of x values, its 
value has a significant bearing on the parameters of the fitted curve. The 
calculated assay would be dependent upon the choice of the division, into 
equally sized intervals of the x axis and could theoretically vary considerably 
if outliers, that could feasibly occur, were included in the averaged value of 
Yo arYl (or for that matterYn oryn_

1
)· 

Development of grol'lth program 

Given the facility of a rrodern digital canputer) the least squares calculation 
of the curve as described by Stevens (1951) becanes quite simpl e. It is 
however, possible to project the method into a series of iterative fittings, 
each stage of \'/hich provides an improved regression line based on some 
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criterion of Igoodness of fitl. Further, cOOlputation can no\'I include all data 
values without averaging or grouping being necessary. 

Thus, fran the second iteration omvards, the value of p as calculated at the 
previous stage, becones the starting point for the follo\,/ing attenpt. The 
'goodne~s of fit' was based on the SSD (sum of squares of differences) between 
each observed y value and its prediction from the fitted line. The process is 
programmed to terminate vlhen an iteration fails to im.prove on the SSD as 
provided by its predecessor, and \'Iill occur \'Ihen no significant change is 
effected in the value of P. An arbitrary value bet\~een a and 1 can be assumed 
for the first value of p. The process \'lill converge on the value of p \vhich 
minimizes the SSD irrespective of the starting point, t he only limitation being 
the greater number of iterations necessary if the initial estimate varies 
considerably fran its final value. Experience has shown that the majority of 
growth relationships for which (1) is an appropriate fonnula \'Iill yield a Ibest 
fitl val ue for p in the range 0,4 - 0,8. It was therefore considered 
appropriate to allo\'1 in the program for a standard ini.tial estimate of p at 

. 0,7, with convergence \'/hen taking place in some six to eight iterations for 
five place decimal accuracy to be ensured. 

The relationship (1) exhibits a number of interesting properties, the physical 
interpretation of which assists in the understanding of the attributes being 
measured. The intercept on the y axis (that is at x = 0, or at birth day) 
yields the physical size at birth of the characteristic being measured. Thus, 
given. that observations canmenced sometime after birth~ a reasonable estimate 
of 'value l at birth can be made from the fitted equation. The sum of aand B 
(where B is inevitably negative) yields this value. B (absolute value) yields 
total grmtth between birth and maturity, a gives the asymptotic or adult size 
of the characteristic being measured, and p can be considered as the gro\'lth 
factor (FIGURE .1, APPENDIX III). 

TABLE 1 (APPEND IX I I I) presents the percentage of gro\,/t h at age x after bi rth, 
depending upon different p values (grmtth factors). A high value of p predicts 
slow growth and a 10\,1 value extrenely rapid growth. l he relationship may be 
redefined as: 

(3 ) 

without loss of generality. In this fonn lov/P*v/ould predict s10\'I growth and 
high p* would predict fast gro\·lth. On this basis it will be observed that 
a and 8 relate to size \'/hil e growth is canpl etely defined by p. 

Since in the relationship (1), y still has low posi t ive values over certain 
ranges of negative x in the proximity of the origin, and since the value, x = a 
is the day of birth, one can consider this region as relating to the gestation 

period. HO\,/ever, fetal growth displays a concave fornl, and since the 
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TABLE 1 APPENDIX III 

-

p 0,5 1 ,0 2,0 3,0 

0,9 5 10 19 27 
0,8 11 20 36 49 
0,7 16 30 51 65 
0,6 23 40 64 78 
0,5 30 50 75 87 
0,4 37 60 84 94 

0,3 45 70 90 97 
0,2 55 80 96 99 
0, 1 68 90 99 

Percentage of growth at age x after birth, depending on different 
p values 

Age x in months 

4,0 5,0 6,0 7,0 8,0 9,0 10,0 11 ,0 12,0 15,0 20,0 

34 41 47 52 57 62 65 . 69 72 79 88 
59 67 74 79 83 87 89 91 93 96 99 
76 83 88 92 94 96 97 98 99 
87 92 95 98 99 
94 97 98 99 
97 99 

99 

- - - --------

25,0 

93 

30,0 

96 ! 

i 
I 

I 
I 

(.oJ 
o 
U1 
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relationship (1) is nearly linear in this region, its use for the gestation 
period would be inappropriate. 

Development of tooth grm'ith/wear program 

In growth measur611ents and subsequent curve fitting it is conmonly assumed that 
some asymptote, which refl ects the ultimate size of the characteristic being 
measured, exists. Teeth, however, once the adult diet has been adopted, are 
subject to wear. Assuming that gro~lth of the tooth ~/as still continuing at the 
onset of \'/ear, an appropriate graph and mathenatically-fitted curve would 
portray a more rapid deceleration of the growth an observable turning point at 
which stage grm'lth and \'/ear were equal. Finally a downHard slope, becoming 
more pronounced until gro~lth was no longer present and \'/ear . \'1as the sol e 
influencing factor, can be seen. 

Fran nonnal observation, gro~'lth follows a curvature ,·klich can be described by 
the relationship (1) • . Wear, if constant abrasion of the teeth occurs, could be 
considered as linear after the stage at v/hich suckling ceases. A short period 
undoubtedly exists when suckling and initiation of the adult diet coincide. 
However since in the case of small mammals, this duration is probably short in 
relation to the frequency of measurements being taken, no specific modelling of 
this event is feasible. 

Ignoring this special case, an assumption of linearity of \'1ear, from its onset 
until adulthood, is made. It is probable that as senescence sets in, wear will 
accelerate due to poor condition. Again as this \'1as beyond the scope of this 
work it was anitted. 

An equat ion: 

y = a + 8 P + yx 
1 1 

(4 ) 

has, on the above hyposthesis been fitted to incorporate in one relationship, 
both the factors of gro~lth and Hear. FIGURE 2 (APPENDIX III), illustrates the 
similarities of and differences between the original gro\'Ith curve and the wear 
influence factor. It will be noted from FIGURE 2 (APPENDIX III) that the 
gro\vth/wear turning point falls bel o \,1 the asymptote of the usual growth. This 
is to be expected since wear is presumed to set in prior to adulthood at which 
stage the asymptote is reached, if wear is absent. 

The constants a and a l di ffer sl ightly from one another as do Band 13
1 

and 
p and Pl' The effect of y x on the fit of the wear curve is the cause of thi s 
sl igbt divergence of the tV'lO curves in the region of the y axis. 

In FIGURE 2 (APPENDIX III) there exists a point bet\~een (i) and (ii) I'/hen wear 
will be seen to mathenatically take effect, causing an actual divergence of the 
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wear curve from the assumed growth line. 

In an experiment to verify this, very close agreanent was obtained from 
statistically fitted data. Hithin the re-gion where physical wear was not 
expected, the curves fo 11 owed one another and the di vergence due to v/ear cou1 d 
be clearly predicted from the equations at the point \'/hen it was expected to 
occur. 

In order to fit the equation: 

x 
y = ttl + Y x + f\ ( ~ ) (5 ) 

an extension to the theory provided in Stevens (1951) paper had to be made. A 
4 x 4 covariance matrix (in the notation of Stevens, 1951) was evolved as 
fo 11 ows: 

n . E( rX) . E(x) . E(X rX-1) 

E(rx) E(r2x ) E(X rX) E(X r2x-1) 

E(x) E(X rX) E(x2) E(X2 rX-1) (6 ) 

E(X rX-1) E(x r2x-1) . 1:(x2 rX-1) r(x2 r2x-2) 

where r is the estimate of P, while the right hand side is accordingly altered 
to the column vector: 

(r(y) 1:(X y) (7) 

The method of fit wa s s imi1 ar to the standard growth curve (FIGURE 2 (i) 
APPENDIX II!). An iterative procedure, based on changing values of P \'1as used 
to obtain the minimum SSD of observed and predicted values. 
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APPENDIX IV 

Dehydration and wax embedding schedule 

Step Solution Time Process 

1 50 % al cohol 2 hours 
2 70 % alcohol 2 hours 
3 80 % al cohol 2 hours 
4 90 % alcohol 2 hours dehydrati on 
5 95 % alcohol 2 hours 
6 95 % al cohol 2 hours 
7 100 % alcohol 2 hours 
8 100 % alcohol 3 hours 

9 Xyl ene 2 hours 
10 Xylene 3 hours clearing 

11 Wax bath 2 hours 
12 Wax bath 2 hours infil tration 
13 Vacuun infiltration 10 minutes 

at 4,5 - 6,6 kg 
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APPENDIX V 

Soft tissue staining sched~e 

Step Sol ution Time 
(mi nutes) 

1 Xylene 5 
2 Xylene 5 

3 100 % al cohol 5 
4 90 % alcohol 3 
5 70 % al cohol 0,5 
6 Running tap water 5 

7 Mayer's haer.latoxylin 5-15 
8 Running tap water 5 
9 1 % alcoholic eosin 6-10 

10 95 % alcohol 1 
11 95 % alcohol 1 
12 100 % ale 0 ho 1 5 
13 Xyl ene 5 
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