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Preface 

The Malagasy fauna is a remarkable example of adaptive radiation in 
terms of morphological, physiological, as well as behavioral characters 
evolved in response to diverse environmental conditions. In this respect, the 
prosimian species inhabiting the dry deciduous forest of Marosalaza, near 
Morondava, on the west coast of Madagascar, provide a particularly infor
mative case study. Although during the rainy season the forest production 
is of the same order of magnitude as in other tropical ecosystems, the dry 
season is typified by an extreme scarcity of food resources. These marked 
contrasts in climate and production have resulted in the development of 
distinct and unusual adaptations of the various prosimian populations. 

The different studies presented in this volume were undertaken to in
vestigate the "strategies" adopted by these species to cope with the con
trasted seasonal conditions. Until recently, most ecological research on the 
Malagasy lemurs has been focused on diurnal species. In this Morondava 
program we attempted to define the relationship between ecology and 
physiology in the lesser known nocturnal species of Marosalaza forest. 

As in the previous primatological studies conducted by researchers of the 
Brunoy laboratory, the first step consisted of defining forest structure, 
composition, and production during the annual cycle, in relation to 
climatic conditions. The pluridisciplinary effort was further facilitated by 
the diversity of approaches utilized by the participants in this project. Field 
studies were conducted during seven successive and overlapping field trips, 
from November 1973 to July 1974, and focused on dietary adaptations, 
growth and reproductive cycles, activity rhythms, social structures, and 
interspecific competition in the five sympatric prosimian species. 

The first five chapters presented in this volume concern this field work, 
each author attempting to integrate the observations in his particular area 
to the results of the entire study, in a general concept of coevolution of the 
plants and animals as respective parts of the forest ecosystem. 

Subsequently, laboratory studies conducted at Brunoy in simulated 
climatic conditions enabled detailed observations on variations in specific 
physiological and behavioral cycles over a period of 3 years. The relation
ships and comparisons between species of annual variations in feeding, 
body weight, activity, and reproduction were the major concerns of this 
research, with supplementary investigations of social interactions, mark
ing, and learning abilities. The results of these studies are presented in the 
last five chapters of this volume. 

xi 



xii Preface 

The particula r interes t o f thes e individua l fiel d an d laborator y studie s 
derives fro m thei r complementarity , an d togethe r the y constitut e a  com 
prehensive approac h o f th e proble m o f ecophysiology . 

This research , whic h wa s initiall y conducte d i n th e fiel d withi n th e 
scope o f "Ma n an d Biosphere

,,
 progra m o f UNESCO , wa s mad e possibl e 

by th e helpfu l cooperatio n o f al l Malagas y authoritie s involved . W e ar e 
especially indebte d t o th e "Servic e de s Eau x e t Forêt s d e Madagascar " 
for th e participatio n o f J . P . Abraha m wh o contribute d i n th e uniqu e 
thorough fores t inventor y o f th e wes t coas t o f Madagasca r presente d b y 
A. Hladik . W e als o appreciate d th e ver y kin d hospitalit y o f th e D e 
Heaulme famil y a t th e fiel d statio n o f Analabe . 

The recen t internationa l cooperatio n develope d i n conjunctio n wit h 
Malagasy Universit y wil l hopefull y provid e th e framewor k fo r continue d 
in-depth investigation s o f th e problem s concernin g th e interdependenc e o f 
ecology an d physiology , brough t t o ligh t i n thi s complet e bu t stil l pre 
liminary Morondav a program . 

The laborator y studie s wer e onl y possibl e thank s t o th e carefu l attentio n 
of M . Grange , M . T . Brisset , an d H . Goujo n i n th e prosimia n breedin g col 
ony a t Brunoy . 

The editoria l hel p o f H . M . Coope r greatl y facilitate d th e cooperativ e 
editorial effor t fo r th e fina l versio n o f th e differen t chapter s i n thi s volume . 
We ar e als o indebte d t o Aliso n Joll y fo r he r valuabl e comment s o n th e 
various contributions . Typin g o f th e manuscript s an d drawing s wer e don e 
by M . Charles-Dominique , C . Munoz , an d M .  A w  Caubere . 

The financia l suppor t fo r thi s progra m wa s provide d b y th e Centr e Na 
tional d e l a Recherch e Scientifiqu e (France) , t o th e Equip e d e Recherch e 
sur le s Prosimiens , E.R. A No . 070410 , an d A.T.P . No . 44991 6 Ecophysi -
ologie attribute d t o J . J . Petter . 

The unfortunat e accidenta l deat h o f George s F . Parient e occurre d 
shortly afte r th e completio n o f th e fiel d studies . H e wa s partl y responsibl e 
for th e origina l ide a o f thi s pluridisciplinar y research . Th e differen t par 
ticipants an d F . Parr a contribute d i n presentin g hi s las t manuscrip t in 
cluded i n thi s volume , whic h i s dedicate d t o hi s memory . 

P. Charles-Dominiqu e 
H. M . Coope r 
A. Hladi k 
C M . Hladi k 
E. Page s 
A. Petter-Rousseau x 
J. J . Pette r 
A. Schillin g 



1  Th e Dr y Fores t o f th e Wes t Coas t 
of Madagascar : Climate , 
Phenology, an d Foo d Availabl e 
for Prosimian s 

A. HLADI K 

INTRODUCTION 

The importanc e o f th e interfac e betwee n plan t an d anima l populations , 
as a n essentia l leve l o f investigatio n i n tropica l ecosystems , i s becomin g in 
creasingly apparen t (Golle y an d Medina , 1975 ; Lamott e an d Bourlière , 
1978). I n thi s respect , th e presen t stud y o f th e overal l foo d resource s 
available fo r prosimian s i n th e fores t o f th e Wes t Coas t o f Madagasca r no t 
only involve s trophi c relations , bu t als o man y phenomen a o f coevolution . 
In orde r t o analyz e th e possibl e typ e o f interactions , th e firs t ste p i s a 
thorough inventor y o f th e biotop e i n term s o f plan t productio n an d 
phenology. Accordingly , thi s chapte r i s base d o n collectiv e dat a fro m th e dif 
ferent participant s o f th e "Morondav a programme, " mainl y thos e o f J .P . 
Abraham o f th e "Servic e de s Eau x e t Forêt s d e Madagascar. " Th e author , 
who di d no t joi n th e participant s i n th e field , mad e analyse s o f fores t com 
position an d productio n base d on : 

1. Th e quantitativ e stud y o f litte r fall  collecte d i n samplin g basket s a t 
regular intervals , b y sortin g ou t an d weighin g leave s an d othe r part s o f dif 
ferent species . 

2. Th e identificatio n o f th e herbariu m specimen s collecte d b y th e dif 
ferent participants , afte r th e tentativ e fiel d identificatio n b y J .P . Abraham . 
This thoroug h surve y wa s conducte d a t th e Herbariu m o f Pari s (Muséu m 
National d'Histoir e Naturelle). * 

* W e ar e muc h indebte d t o J . Bosse r wh o aide d i n identificatio n o f man y plan t species ; 
t hanks ar e du e t o J . Léandr i ( identificatio n o f Euphorbiaceae ) an d t o M . A . G . Peltie r (iden 
tification o f Leguminosae) . 

3 



4 A . Hladi k 

3. A  furthe r revie w o f th e entir e collectio n o f th e herbariu m speci 
mens, collecte d previousl y i n th e Morondav a area , provide d additiona l in 
formation o n th e seasona l cycle s o f th e mos t importan t specie s an d com 
plemented fiel d observation s an d photograph s obtaine d durin g th e fiel d 
trips o f th e presen t program . 

4. Alkaloi d test s o n dr y specimen s fo r informatio n o n potentia l tox 
icity. 

A synthesi s o f thes e result s i s presented , wit h referenc e an d comparison s 
to previou s ecologica l survey s o n th e tropica l forest s o f Afric a (A . Hladik , 
1974, 1978 ) an d i n Asi a (Hladi k an d Hladik , 1972 ) considere d fro m th e 
viewpoints o f foo d resourc e utilizatio n b y primat e population s a s wel l a s 
that o f plan t adaptiv e strategies . 

THE CLIMAT E O F TH E WES T COAS T 
OF MADAGASCA R 

The fores t o f Marosalaza , nea r Beroboka , wher e th e differen t fiel d 
studies presente d i n thi s volum e wer e undertaken , i s locate d 5 0 k m nort h o f 
Morondava. Du e t o it s latitud e (20 ° S) , th e Morondav a are a i s character 
ized b y seasona l variation s i n da y lengt h (minimum : 1 0 h  5 2 i n June ; max 
imum: 1 3 h  1 7 i n December) . Nevertheless , th e tota l numbe r o f hour s o f 
sunshine i s fairl y evenl y distribute d i n term s o f monthl y averag e (fro m 26 3 
hours i n Februar y t o 30 6 hour s i n August) ; fo r detaile d dat a o n ligh t inten 
sity an d spectra l composition , se e Chapte r 5 . 

If w e conside r th e averag e distributio n o f rai n throughou t Madagasca r 
(Fig. 1A) , i t appear s tha t Morondav a (annua l rainfal l o f 80 0 mm ) i s no t 
located i n th e are a whic h receive s th e lowes t quantit y o f rain . In  fact , th e 
distribution o f thi s rai n durin g th e seasona l cycl e i s th e importan t 
parameter t o analyze : mos t o f th e precipitatio n occur s fro m Decembe r t o 
March followe d b y a  lon g sharpl y characterize d dr y season . 

According t o th e averag e monthl y rainfal l an d temperatur e (Fig . 2A) , 7 
to 8  month s ca n b e classifie d a s "dry . " Ther e ar e bu t fe w tropica l forest s 
inhabited b y primate s i n whic h suc h a  climati c chang e occurs . Fo r example , 
there ar e onl y 4  "dry " month s (Mueller-Dombois , 1968 ; Hladi k an d 
Hladik, 1972 ) i n th e deciduou s dr y fores t o f Wilpatt u (Sr i Lanka) . O n th e 
African mainland , a  simila r dr y climat e i s als o foun d i n som e area s o f 
South Afric a wher e bushbabie s hav e bee n observe d i n ope n woodlan d an d 
"orchard bush " (Bearde r an d Doyle , 1974) ; whil e toward s th e sahelia n 
zone, i n th e savan a formatio n o f Fét é Ole , wit h 9  dr y months , Pata s 
monkeys ar e nomadi c o n ver y larg e supplyin g area s (Bourlièr e et  al.,  1978) . 

If w e no w conside r th e record s o f th e differen t year s precedin g ou r fiel d 
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Fig. 1. Locat ion of the study area according to climate and plant format ion. A , Distribu
tion of annual rainfall in Madagascar (after Koechlin et al., 1974; Humber t and Cours Darne , 
1965). The rectangle near M o r o n d a v a corresponds to the enlarged m a p in (Β). B, Plant forma
tions in the Morondava area . The study area is located 50 km nor th of Morondava (black 
square) in Marosalaza forest. Numbers indicate four different plant surveys of F . A . O . 
(Anonymous , 1972). 

study (taken at the meteorological station of Morondava airport), there are 
no significant differences in the annual pattern of monthly variation in 
temperature and humidity (Fig. 2B). In contrast, the pattern of rainfall 
presents fairly important variations between successive years. 

These monthly averages are not precise enough to be correlated with the 
cycles of vegetation, and thus, during our study period, we collected daily 
records of rainfall (Fig. 2C) which are more likely to explain the character
istics of the different phases of leafing, flowering, and fruiting of the forest 
species. During the rainy season, heavy and/or light rains occur at short 
and regular intervals, while in April/May a few heavy precipitations and 
storms may irregularly occur. 
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Β Rainfall (mm) urn Evaporation (mm) 

, 1 9 6 7 ! . . .19.68 I 1 9 6 9 I 1970 , 

J IAISiO'NlD J |F |M1A|M;J |J A ; S ' 0 | N | D T^ lM|AlMlJ |J |A iS|Q|N|D JjF|MiAIM|J jJ |AjS[0|N[D J ;F|M[A|MIJ |J [AISJOIN!D J ;F 'M |ÂM 

Fig. 2 . Meteorological da ta of the Morondava area . A, The dry months are shown by the 
shaded area determined by average monthly rainfall (solid line) and average month ly 
tempera ture (broken line) (after Legris and Blasco, 1965). Measures were taken at M o r o n d a v a 
ai rpor t . B, Variations of monthly rainfall and evaporat ion, tempera ture (minimum and max
imum) , and relative humidi ty , from 1966 to 1971 (after Gachet , 1971). Measures were taken at 
Morondava ai rpor t . C , Daily records of rainfall in the study area (Marosalaza forest) during 
the study period. 

The resulting microclimate inside the forest is illustrated by two patterns 
characterizing the rainy season (Fig. 3A) and the dry season (Fig. 3B). 
Temperature and humidity are characterized by very large regular diurnal 
and nocturnal variations during the dry season. Maximum temperature dif
ferences reach 19°C, resulting in important condensation at night. During 
the rainy season, nights are cold and humidity is constant (around 10097ο). 
Nevertheless, due to the buffering effect of the forest, environmental con
ditions are not different between the dry and the rainy seasons at night 
when the nocturnal prosimians are active. During the daytime, the condi-
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Fig. 3 . Variations of tempera ture (°C) and relative humidi ty (%) at g round level in the in
terior of the Marosalaza forest. A , A typical sample (February 25 to March 3, 1974) during the 
rainy season (austral summer) with relatively low tempera ture and high humidi ty due to fre
quent rain. B, A typical sample (June 16 to June 24, 1974) during the dry season (austral 
winter). Due to the buffering effect of the forest, humidity remains high at night. 
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tions i n th e hollo w trunk s wher e thes e prosimian s ar e found , ar e partl y 
"buffered" an d mor e simila r t o nocturna l condition s (cf . Charles -
Dominique an d Hladik , 1971) . 

PLANT FORMATION S I N TH E MORONDAV A ARE A 

The dr y fores t o f Madagasca r wa s propose d a t th e Yangamb i Conferenc e 
(Aubreville, 1957 ) a s bein g th e typica l exampl e o f th e plan t formatio n 
called "close d deciduou s forest. " I n th e Morondav a area , thi s plan t forma 
tion present s som e peculia r character s (Guillaume t an d Koechlin , 1971) , 
the mos t apparen t bein g th e majesti c Baobab s which , i n term s o f biomass , 
are on e o f th e majo r component s o f th e forest . Th e definitio n give n b y Per -
rier d e l a Bâthi e (1921 ) wa s "forê t sèch e su r so l arenac é d u Pliocène " 
(dry fores t o n Pliocen e sand) , whil e Humber t an d Cour s Darn e (1965 ) in 
cluded th e plan t associatio n i n th e "séri e à  Dalbergia-Commiphora-
Hildegardia." 

This fores t extend s alon g th e wes t coas t o f Madagascar , a s a  lon g stri p o f 
about 5 0 k m i n width , fro m th e Mangok y Rive r t o th e Betsibok a River . 
Like mos t tropica l forests , th e structur e an d th e compositio n ar e no t 
homogeneous. Include d ar e larg e part s o f alluvia l fores t borderin g river s 
and temporar y streams , simila r i n aspec t t o th e galler y fores t o f th e Sout h 
(Jolly, 1966) . Ther e ar e als o temporar y pond s (o f abou t 10 0 m  i n diameter ) 
scattered o n th e fla t lan d a t fairl y regula r interval s (show n o n th e aeria l 
photograph, Fig . 4) , whic h ar e surrounde d b y a  larg e rin g o f thic k vegeta 
tion includin g tal l trees . Suc h a  discontinuou s fores t structur e i s quit e com 
parable wit h th e fores t formation s o f th e Sr i Lank a dr y zone , wher e 
"villus" an d thei r larg e rin g o f tal l fores t ar e separate d b y fla t area s o f 
closed dr y fores t (se e Hladi k an d Hladik , 1972) . I n th e Morondav a area , 
the distributio n o f som e prosimian s species , especiall y Microcebus  co-
quereli (Pette r et  al.,  1971 ; se e Chapte r 4 ) i s relate d t o loca l change s i n 
forest structur e an d composition . 

Another typ e o f majo r structura l chang e i s du e t o th e proximit y o f th e 
sea. Towar d th e west , th e fores t become s graduall y lowe r an d mor e open , 
and apparentl y include s a  smalle r numbe r o f species . Nevertheless , i n thi s 
area, th e differen t nocturna l prosimian s hav e bee n observed , althoug h a t 
low densitie s (Chapte r 2) . 

The fores t end s abruptl y alon g a  fla t sand y an d mudd y ope n stri p o f lan d 
locally calle d "Sir a Sira " (i.e. , salt y area) . Thi s sor t o f lagoo n (Fig . IB ) i s 
partly floode d b y fresh  wate r durin g th e rain y season . 

On th e othe r sid e o f th e Sir a Sir a an d borderin g th e se a i s a  mangrov e 
formation includin g (a s i n othe r mangrov e communitie s i n th e tropics ) onl y 
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Fig. 4 . An aerial view of the Marosalaza forest including some temporary ponds . In addi
t ion to the main road , old transects in the forest made for oil prospecting are visible and were 
used during the field study to census prosimian popula t ions on a large scale (see Chapter 2). 

a few tree species (Humbert, 1965). No prosimian has ever been observed 
there (P. Charles-Dominique and R. Albignac, personal communication). 
In Madagascar, diurnal prosimians have been observed in the mangroves of 
the East Coast (J.J. Petter, personal communication) which might be used 
only as part of their range. By contrast, on the West Coast of Africa, one 
primate population (Cercopithecus aethiops) which usually inhabits the dry 
forest, has colonized the mangrove by adapting its diet to crabs and a few 
plant species (Galat and Galat-Luong, 1977). 

FLORISTIC COMPOSITION AND STRUCTURE 
OF THE FOREST IN THE STUDY AREA 

The study area is located in the closed deciduous forest at about 3 km 
from the Sira Sira (Fig. IB). This part of the forest has been protected dur
ing the last decades, and kept as a forest reserve adjacent to the sisal plan
tation. Most of the observations were carried on at about 0.5 km from the 
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plantation, in an area of 30 hectares where footpaths were opened every 40 
m (Fig. 5), with a minimum disturbance to the vegetation. A temporary 
pond is included in the south section of the study area. 

Species Diversity 

The floristic composition was analyzed by J.P. Abraham along two tran
sects of 2200 m2 (440 χ 5 m) and 2700 m2 (540 χ 5 m), respectively. A 
total of 151 plant species were recorded on the 0.49 ha survey. An addi
tional transect of 3400 m2 (340 χ 10 m) was made by C M . Hladik, allow
ing comparisons of the densities of the most common trees and some 
records of liana distribution. All plant specimens collected during those 
botanical surveys, as well as the specimens related to prosimian feeding 
behavior, collected by the different investigators of the Morondava pro
gram, have been included in the collection of the "Service des Eaux et 
Forêts d e Madagascar " (Tananarive ) an d i n th e Herbariu m o f th e Muséu m 
National d'Histoir e Naturell e (Paris) . Abou t 20 0 plan t specie s wer e col 
lected. The y ar e liste d accordin g t o alphabeti c orde r o f familie s an d gener a 
in Appendi x I . Th e lis t o f correspondin g vernacula r name s i s give n i n Ap 
pendix II . 

The plan t specie s foun d i n th e firs t transec t (220 0 m 2) ar e liste d i n Tabl e 
I, i n decreasin g orde r t o thei r tota l basa l area . Th e basa l are a o f eac h tre e i s 
defined a s th e sectio n are a a t 1.3 0 m  abov e groun d level ; thi s measur e pro 
vides a  fairl y accurat e estimat e o f potentia l production . Th e numbe r o f in 
dividual tree s i n differen t girt h an d heigh t classe s i s show n i n thi s table . 
Plants belo w 3 0 c m girt h (includin g tre e saplings , lianas , shrubs , an d herbs ) 
have onl y bee n counte d i n th e tw o firs t quadrat s o f th e transec t (i.e. , 5 0 m 2) 
or ar e merel y mentione d a s ane w specie s i n th e res t o f th e quadrat . 

In Tabl e I I ar e liste d al l th e lian a specie s an d onl y th e mos t importan t 
trees no t alread y include d i n Tabl e I , afte r th e dat a o f J .P . Abraham' s sec 
ond transec t an d th e recor d o f al l larg e tree s potentiall y importan t a s foo d 
for prosimians . 

A compariso n o f ou r result s o n th e tota l basa l are a o f th e tree s i n th e 
study are a wit h tha t o f differen t plot s surveye d b y th e Foo d Agricultura l 
Organization (Anonymous , 1972 ; Tabl e III ; Fig . IB ) doe s no t sho w an y 
significant difference . Thus , i n spit e o f th e absenc e o f som e larg e 
specimens o f Harofy , Commiphora  spp . (24 . .  .) * an d Hazomalany , Her-
nandia voyroni  (87 ) whic h ha d bee n selectivel y exploite d fo r timbe r i n th e 
1960s, th e stud y are a i s quit e representativ e o f th e Wes t Coas t forest . Th e 

* Th e number s i n parenthese s refe r t o th e checklis t o f specie s (Appendi x I) . 
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ο 1 00 2 00 m 

6 2 0 5 4 0 4 6 0 380 300 2 2 0 140 

NT 

Fig. 5. The study area in the Marosalaza forest (see Fig. 1 for general locat ion) . Trails 
(solid lines) are referred to by numbers and letters. Most trails were opened every 40 m, parallel 
and perpendicular to the road . This preexisting nar row road leads from the sisal p lanta t ion 
(200 m nor th of trail A) to the t empora ry pond which is totally dry at the end of the dry 
season. The two transects of J . P . A b r a h a m are shown by hatched areas . The transect surveyed 
by C M . Hladik was located along the road between trails Ε and M . Stars indicate locations of 
the ten sampling baskets used for analysis of litter fall p roduct ion . 
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A. Hladik 

TABLE II 

TREE SPECIES VERNACULAR NAME A S O N D J F M A M J J 

Cussonia sp. 

Kigelianthe sp. 

Adansonia grandidieri 

Commiphora stellulata 

Commiphora of. pterocarpa 

Commiphora aff. mafaidoha 

Cordyla madagasoariensis 

Cassia sp. 

Delonix floribunda 

Tamarindus indica 

Tetraptaerooaryon geayi 

Boscia madagasoariensis 

Evonymus pleurostyloides 

Terminalia trioristata 

Terminalia bovinii 

Securinega sp. 

Hernandia voyronii 

Fee tida asymetrica 

Albizia sp. 

Chadsia flammea 

Chadsia versicolor 

Colubrina decipiens 

Rubiaceae 

Rubiaceae 

Rubiaceae 

Nesogordonia of. micrantha 

Majidea zangabarica 

Capurodendron rubrocostata 

VOANTSILANA 
TSOMONTSOY 
RENIALA 

HAROFIMENA 

HAROFIBOY 

HAROFIFOTSY 

ANAKARAKY 

SARONGAZALA 

MALAMASEFOY 

KILY 

VAOVY 

SOMANGIBE 

MARONONO 

TALY 

KOFAFA 

HAZOMENA 

HAZOMALANY 

ΜΕΝΑΜΒΑΗΥ 

HALOMBORO 

REMOTY 

TRATRAMBORONDREO 

PAPAHOLAHY 

TSIHATAIMBALY 

VOAFOTAKA 

HAZOMENARANO 

NATOKORONONO 

. X . X . . 0 . 0 . 0 . 

X. X. . . . 0 . 0 . 

LIANA SPECIES VERNACULAR NAME 
. A . S . O . N . D . J . F . M . A . M . J . J . 

Asparagus vaginellatus JTSIMATY 

Cryptostegia madagasoariensis 
1 

Asparagus vaginellatus JTSIMATY 

Cryptostegia madagasoariensis 
1 

. . . .X 0 . 0 . . .· 
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1. Forest Phenology and Climate 

TABLE II {Continued) 

17 

LIANA SPECIES VERNACULAR NAME 
Ν . D J . F . Μ . A . M 

Combretum ooccineum 

Metaporana sericosepala 

Diosoorea sp. 

Anisocyclea grandidieri 

Desmonema uviforme 

Gouania lineata 

LandoIphia of. obliquinervia 

Asclepiadaceae 

Asclepiadaceae 

Rubiaceae 

KILILO 

BABO 

,T S ID IKAND AMBOLAHY 

BOKATSIFAKA 

VAHINDA 

KABOKA 

IVAHIRONTO 

(A.133) 

VAHIMANTSINA 

BETONDRO 

(A.101) 

(A.131) 
I 

of. Tragia trivemeana 

Dalechampia of. clematidifolia VAHIMBARAONGO 
Dalechampia cf. subtemata 

cf. Acalypha perrieri 

MIATELORAVY 

a
 Complementary list of plant species according to the second transect (J . P . 

Abraham) and other specimen collections in the study area . Data on phenology are il

lustrated as in Table I. 

first transect (2200 m
2
, 80 species including 12 liana species) and the second 

transect (2700 m
2
, 102 species including 10 liana species), completed by 

other collections in the study area, are presently the most complete species 
analysis available for this type of plant formation in Madagascar. 

For some common species, the total basal area measured in different 
transects (Table IV), shows a gradual change across the study area. Such a 
lack of homogeneity characterizes any tropical forest. These local varia
tions are very important in term of distribution of the food available in the 
home ranges of different individuals of a given species and, in some cases, 
different food species may play the same role for different animals in 
nearby places (see Hladik, 1977; Rudran, 1978). 

In the Marosalaza forest, species diversity is slightly higher than in the 
deciduous forest of Wilpattu (Sri Lanka) (Hladik and Hladik, 1972) which 
is a very comparable habitat. There are 26 species over 30 cm girth in the 
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TABLE III 

Total Basal Area (m

2
/ha) of All Plant Species over 20 cm Girth in Different Locations (Fig. 1) 

of the Forest of the West Coast of Madagascar 

Sample All stems over 
size 20 cm 30 cm 60 cm 

Forest locations (ha) girth girth girth 

Marofandil la forest, F . A . O . survey 21 4 15.6 — 7.0 
Marofandil la forest, F . A . O . survey 22 4 19.6 — 10.3 
South of Tsiribihina river, F . A . O . survey 23 4 22.5 — 11.9 
Nor th of Tsiribihina river, F . A . O . survey 24 4 17.9 — 9.3 
Marosalaza forest, Hlad ik ' s survey 0.34 18.5 — 13.8 
Marosalaza forest, A b r a h a m ' s survey 0.22 — 13.0 6.2 

transect of 2200 m
2
 of Marosalaza, while in Wilpattu, only 19 species were 

recorded in a transect of similar shape and size. In both forests, the most 
common species (with about 250 individuals above 30 cm girth per hectare) 
is a small tree, with persistent leaves, of the Euphorbiaceae family: the 
Anatsiko, Securinega seyrigii (79) of Madagascar, and the Veera, Drypetes 
sepiaria of Sri Lanka. Other tree species of these two dry forests located on 
opposite sides of the Indian Ocean and used as food by primates also have 
ecological homologs. According to our observations, the tamarind tree or 
Kily, Tamarindus indica (40) and the Malagasy plum tree or Lamoty, 
Flacourtia indica (83), together with the tuberous plant Tavolo, Tacca leon-
topetaloides (165), are the only species present in both forests. 

TABLE IV 

Total Basal Area (m

2
/ha) and Local Variation of Some Common Tree Species in the 

Marosalaza Forest 

W e s t

0 
C e n t r a l E a s t

0 

Tree species (2200 m

2
) (3400 m

2
) (2700 m

2
) 

Anats iko , Securinega seyrigii (79) 4.55 1.94 1.74 
Reniala, Adansonia spp . (20. . .) 3.27 8.56 — 
Manjakabe tany , Baudouina fluggeiformis (31) 3.25 1.50 0.01 
Hazomby , Strychnos decussata (93) 0.50 0.62 0.26 
Harof imena , Commiphora stellulata (25) 0.59 1.00 1.11 

° Survey by J . P . A b r a h a m . b
 Survey by C M . Hladik . 



1. Forest Phenology and Climate 19 

Forest Structure 

Large trees over 90 cm girth are uncommon in the Marosalaza forest 
(about 30 per hectare). Again, this can be compared to the conditions of 
the Sri Lanka dry forest (50 trees over 90 cm girth per hectare in Wilpattu). 
Both forests include a similar number of small trees: about 400 stems per 
hectare in the different classes of 30 to 60 cm girth. By contrast, a rain 
forest includes many more trees over 90 cm girth (e.g., 120 per hectare in 
Gabon; A. Hladik, 1978). 

The tallest trees of the Marosalaza forest do not exceed 20-25 m in 
height, exceptionally 30 m. These include about a dozen species: the 
Baobabs or Reniala, Adansonia spp. (20. . .); the Harofy, Commiphora 
spp. (24. . .); the Sarongaza, Colvillea racemosa (35); the Fangoky, 
Delonix boiviniana (37); the Malamasefoy, Delonix floribunda (38); the 
Hazomalany, Hernandia voyroni (87); the Mandakalaly, Chloroxylon 
falcatum (103); the Selibe, Grewia cyclea (166); the Vonoa, Hildegardia 
erythrosyphon (162) . . . 

The most common species, the Anatsiko, Securinega seyrigii (79), is no 
taller than 10-15 m. When these small trees are old and/or after dying, they 
often present large cavities. It is an obvious peculiarity of this forest that 
many trees (for instance, Baobabs and Harofy) frequently have hollow 
trunks and branches. The Iron Wood or Hazomby, Strychnos decussata 
(93), seems to have a hollow trunk most often (3 out of 5 trees in C M . 
Hladik's transect). The occurrence of these potential shelters is important 
for hibernating animals (Cheirogaleinae) unable to dig their own galleries 
in the ground. Due to its hardness, Iron Wood provides a very safe shelter: 
R. Albignac (personal communication, and 1976) observed several times a 
diurnal viverrine, Mungotictis decemlineatas, trying to break open, without 
success, one of these hollow trees where Microcebus murinus were resting 
during the day. 

The overall aspect of the vegetation is very thick during the rainy season 
(Fig. 6A). In contrast, during the dry season, there is an excellent visibility 
because most trees shed their leaves. Nevertheless, there are some evergreen 
species which, together with small tree trunks (shrubs and lianas), form a 
fine lattice at low levels (Fig. 6B) where the prosimians can forage (espe
cially Microcebus spp.). 

FOREST LITTER PRODUCTION 

The litter fall was measured in ten litter traps of 0.5 m
2
 each (total sam

pling area: 5.0 m
2
). These traps made of plastic netting on a wooden frame, 
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Fig. 6. The overall aspect of the Marosalaza forest (photos by J . J . Pet ter) . A, Thick 
vegetation during the rainy season; B, open aspect of vegetation during the dry season. 

were distributed in the central section of the study area, as shown in Fig. 5. 
Every 2 weeks, the litter was collected and roughly dried in the field. The 
exact dry weight was measured at the Brunoy laboratory, after drying to 
constant weight in an electric oven (60° C). The records from March 16 to 
July 17 have been analyzed (Fig. 7): these data concern the period during 
which most leaf fall occurs in the study area. 

The average total litter fall during these 4 months was 1.35 gm/mVday. 
Leaves accounted for 80-90% of this litter. An extrapolation to the an
nual litter production is not feasible; however, the order of magnitude is 
probably 3 tons/hectare/year, similar to the results obtained in the closed 
deciduous forest of Sri Lanka (Hladik and Hladik, 1972; A. Hladik, 1978). 

Each of the litter collections (at different locations and different times) 
for which total weight is standardized in gm/m2/day (Fig. 7) has been 
analyzed after sorting out the leaves, flowers, and fruits of the different 
species separately identified and weighed (Table V). Stems and 4'dust" (not 
identifiable) were also separately weighed, as well as the caterpillars' feces 
which can be utilized as an index of abundance and activity of these in
vertebrates. 

A peak of leaf fall was obtained in May (Fig. 7), due to the first shedding 
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total litter fall 
g/m2/day 
dry weight 

leaf fall 

mean litter fall 
1.35 g/m2/day 
during A months 

M ' A ' M J J 

Fig. 7. Seasonal litter fall p roduct ion in the Marosalaza forest, during the period of max

imum leaf fall. 

of particular tree species (see next section and Fig. 8) occurring after the 
early deciduous species were already entirely bare. An increased amount of 
woody stems in the litter fall follows the increasing conditions of drought. 
The variations of flowers and fruits fall are not significant in terms of food 
availability for prosimians, since the major peak is due mainly to one 
species, Colubrina decipiens (135), which bears small edible fruits but is not 
very common in the study area (most edible fruits had fallen before we 
started collecting litter). By contrast, the records on caterpillars' feces are 
of great interest since they are evenly distributed in the litter traps and show 
a peak at the end of the rainy season. 

TABLE V 

Litter Production in the Forest of Marosalaza (Beroboka) in Dry Weight ( g m / m2/ d a y ) from March 16 to 
July 17, 1974 

Litter type 

March 16 
to 

March 30 

March 31 
to 

April 14 

April 15 
to 

May 1 

May 2 
to 

May 16 

May 17 
to 

June 4 

June 5 
to 

June 30 

July 1 
to 

July 17 

Total dry weight 0.910 1.350 0.700 2.340 1.640 1.320 1.200 
Leaves 0.820 1.220 0.570 1.950 1.450 1.200 1.080 
Flowers and fruits 0.020 0.035 0.020 0.295 0.070 0.030 0.005 
W o o d 0.025 0.025 0.050 0.035 0.050 0.035 0.050 
Caterpillar feces 0.005 0.005 0.005 0.010 0.010 0.005 0.005 
" D u s t " 0.040 0.065 0.055 0.050 0.060 0.050 0.060 
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according to litter fall analysis from March 15 to July 17, 1974, in grams dry weight per day in 
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2
) . 
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PHENOLOGY AND FOOD AVAILABILITY 

The phenological patterns of the most common plants of the study area 
were analyzed according to the measures of leaf fall (Fig. 8). The leaves of 
27 species were obtained in sufficient quantity for analysis variations, from 
a sample of 8 litter traps. The leaves of these species accounted for 95% of 
the total leaf fall. Due to the arbitrary location of the litter traps and the 
small collecting area (4 m

2
), it is not possible to compare the absolute quan

tities of leaves, but only the different patterns of leaf fall. These patterns 
can be classified in four groups as follows: 

A. Evergreen species: The small number of species with xerophytic 
leaves present in dry season and falling in small quantity throughout the 
year (Fig. 8A) includes some common bushes and small trees such as the 
Anatsiko, Securinega seyregii (79), the Iron Wood or Hazomby, Strychnos 
decussata (93), the Tsivoaninombezo, Buxus madagascariensis (29), and 
the Hazoboenga, Diospyros sp. (59). The vine Hazonta, Elachyptera 
minimiflora (88), is of particular interest since it is the main (if not unique) 
food species of an homopteran larvae producing a sweet secretion of im
portance in the diet of Microcebus coquereli (Chapters 2 and 4). The 
flowering and fruiting periods are very variable among the different species 
of this group (Table I). 

B. Early deciduous species: This group includes the most common 
large trees such as the Baobabs or Reniala, Adansonia spp. (20. . .), the 
Harofy, Commiphora spp. (24. . .), and some Sterculiaceae and 
Rubiaceae. All these trees are totally leafless as early as May (Fig. 8B). 
Most species have a flowering period preceding the new leaf flush, the 
Baobabs being the most precocious. The different early deciduous species 
produce large flowers rich in nectar and/or fleshy parts just before, or at 
the beginning of the rainy season and thus provide an important amount of 
food immediately available to animals. The fruits of these ripen a short 
time after the leafing period (Table I). 

C. Slow deciduous species: Intermediate patterns of progressive leaf 
shedding (Fig. 8C) occur in at least three common trees: the Selibe, Grewia 
cyclea (166), the Sely, Grewia triflora (169), and the Tititamalandy, 
Capuronia madagascariensis (94). Among them, only the Selibe flowers 
before leafing: this large common Tiliaceae, the aspect and ecology of 
which are very similar to those of Adina cordifolia (a Rubiaceae of the dry 
forest of Sri Lanka), also produces a dry inedible fruit in June. Both 
species are cropped by primates mainly for their flowers. 

D. Late deciduous species: Most of these species were still shedding 
leaves in July (Fig. 8D); accordingly, they are bare for only a short period 
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and thus somewhat similar to those of group A. This group includes more 
than one-third of the recorded species which all flower when new leaves are 
present. Among them, the Talinala, Terminalia mantaliopsis (48), is impor
tant as a permanent supply of gums as food for Phaner furcifer (see 
Chapter 3). 

The overall phenological data presented in Tables I and II have been 
based on patterns observed in 1973 and 1974. Complementary information 
was available in the Herbarium of the Muséum National d'Histoire 
Naturelle (Paris) after a review of all the herbarium samples previously col
lected in the Morondava area. In these cases, data from different years 
have been cumulated. Due to the seasonal changes from year to year, which 
might be important in spite of a regular climatic pattern, the yearly varia
tion in plant phenology must be considered. For example, in the nearby 
forest of Marofandilla, three plant species have been observed during 5 
years (Gachet, 1971). Different individuals of a given species definitively 
had the same phenological pattern, but occasional variations in the specific 
pattern may be attributed to variations in the distribution of the rainfall. 
Some of these changes may be important, such as the absence of flowers 
following an extremely dry year. 

Accordingly, the information grouped in Tables I and II might be con
sidered as a general background of the phenological events in Marosalaza 
forest, allowing an overall appreciation of the influence of primary produc
tion on the life cycles of the animals presented in other chapters of the 
present volume. 

ALKALOID SCREENING IN LEAVES 

Records on plant species diversity, density, and distribution, as well as 
observations on plant phenology (leafing, flowering, and fruiting) provide 
a general analysis of food available to animals as a function of space and 
time. However, what plants and which plant parts are edible, and to what 
species of prosimians? Since alkaloids have been shown to be responsible 
for plant toxicity, tests have been made on the dry leaf samples from 
Marosalaza forest (for methods and discussion, see Hladik and Hladik, 
1977). 

Results are presented in Table VI. The positive results (+ + + and + + ) 
show a relatively low percentage, 15% (19 positive out of 127 species) 
similar to that of other closed tropical forests. Most positive results are 
found in families generally well known for the occurrence of alkaloids: 
Apocynaceae, Euphorbiaceae, Menispermaceae, and Solanaceae. How-



TABLE VI 

Results of Alkaloid Tests with Mayer's (M) and Dragendorff's (D) Reagents on Dry 
Specimens of Leaves

 a 

Acanthaceae 

M D 

1 -
2 - ± 
5 - ± 

Amaran taceae 

M D 

6 ± ± 

Anacardiaceae 

M D 

7 -

Apocynaceae 

M D 

8 -

Araliaceae 

M D 

10 -

Asclepiadaceae 

M D 

11 - ± 
12 ± ± 
13 -
14 ± ± 

Bignoniaceae 

M D 

17 -
18 -
19 -

Bombacaceae 

M D 

20 -

Burseraceae 

M D 

24 - + + 
25 -
27 -
28 -

Buxaceae 

M D 

29 + + + + + + 

Caesalpiniaceae 

M D 

30 ± ± 
31 ± ± 
35 -
36 -
37 -
38 -
40 -
41 - + + 

Cappar idaceae 

M D 

42 -

Celastraceae 

M D 

43 - ± 
44 -
45 

Combre taceae 

M D 

46 - + + 
48 - + 
49 ± + + 

Convolvulaceae 

M D 

52 -

Cyperaceae 

M D 

53 -

Dioscoreaceae 

M D 

54 -

Ebenaceae 

M D 

55 
56 
57 - + 
59 ± + + 

Euphorbiaceae 

M D 

62 - -
63 - -
64 - ± 
65 - -
66 - -
67 +++ +++ 
70 ± ++ 
71 ± ++ 
72 - -
73 ++ ++ 
74 - -
75 - -
76 ± ++ 
77 ± ++ 
78 ++ 
79 + + 
80 + ++ 
81 - -
82 - -

Flacourt iaceae 

M D 

83 -
84 -

Graminae 

M D 

86 + + 

Hernandiaceae 

M D 

87 -

Hippocra teaceae 

M D 

88 ± + 

Hypericaceae 

M D 

89 ± + 

Lecythidaceae 

M D 

90 ± ± 

Liliaceae 

M D 

91 -

Loganiaceae 

M D 

92 -
93 + + + 

Lythraceae 

M D 

94 - + + 

(Continued) 
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TABLE VI (Continued) 

Malvaceae 

M D 

95 -

97 - + 
98 - ± 

Melastomaceae 

M D 

100 - ± 

Meliaceae 

M D 

103 - + 
104 + + 
105 
106 ± ± 

Menispermaceae 

M D 

107 + + + + + + 
108 ± ± 

Mimosaceae 

M D 

109 - ± 
110 
111 - ± 
114 - + + 

Moraceae 

M D 

115 

Ochnaceae 

M D 

116 
117 

Oleaceae 

M D 

119 

Papi l ionaceae 

M D 

124 
125 
127 
128 ± ± 
129 ± ± 

Pedaliaceae 

M D 

132 - + 

Rhamnaceae 

M D 

133 + + 
134 + ' + 
135 
136 + + 

Rubiaceae 

M D 

137 
138 
139 ± ± 
140 ± ± 
141 
142 

Rutaceae 

M D 

154 ± ± 

Sapindaceae 

M D 

155 ± ± 
156 + + 
157 + ++ 

Sapotaceae 

M D 

158 -

Solanaceae 

M D 

159 + + ++ 

Sterculiaceae 

M D 

160 — 

161 -
162 -
163 -
164 ± ± 

Taccaceae 

M D 

165 ± ± 

Tiliaceae 

M D 

166 
167 ± ± 
168 
169 ± ± 
170 
173 

Turneraceae 

M D 

177 

Verbenaceae 

M D 

178 + + 
179 ± ± 

Vitaceae 

M D 

180 
181 

° + + + = impor tant precipitate; + + = strongly positive; + = slightly positive; ± = 
traces; — = no react ion. Plant species (referred to as species number in Appendix I) are listed in the 
alphabetic order of families. 
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ever, in Marosalaza forest where most of the species are deciduous, it ap
pears that the evergreen species show positive results, for example, the 
small tree Tsivoaninombezo, Buxus madagascariensis (29), and a liana 
Tsidikandambolahy, Anisocyclea grandidieri (107). In terms of plant 
strategy, a high alkaloid content might be considered as a deterrent against 
predators (Janzen, 1969). 

In fact, the degree of alkaloid toxicity of the various plant species to pro
simians is still unknown. Considering the overall results, the situation in 
the Marosalaza forest appears similar to that of other closed tropical 
forests: leaf-eating primates feed on a set of plant species in which the pro
portion of plants containing alkaloids is equivalent to that of the forest as a 
whole ( C M . Hladik, 1978). Thus, in these cases, alkaloids do not appear 
to affect food choices. 

The major effect of plant alkaloids seems to apply to invertebrate 
populations which are the main consumers of leaves (Leigh and Smythe, 
1978). This would explain why the evergreen species of the Marosalaza 
forest which are more exposed to predators during the dry season present a 
higher alkaloid content. Similarly, in open areas where a limited number of 
plant species may form large targets for insects, a higher percentage of 
alkaloids is generally found. This was the case in the survey of Debray et al. 
(1971) in the open area of the forest of the south west of Madagascar (in
cluding many herbaceous species) where 22% of the plants yielded positive 
results (21 positive leaves out of 94 tested species). 

DISCUSSION 

In the Marosalaza forest the overall production, in terms of litter fall, is 
one of the lowest among tropical forests. Plant diversity is limited as com
pared to that of rain forests; however, about 200 plant species have been 
collected in the study area. In spite of the important seasonality, and 
possibly poor sandy soils, plant species diversity provides a large variety of 
food available for prosimians because leafing, flowering, and fruiting times 
differ according to the species. 

These phenological patterns dependent on abiotic factors such as the 
long period of drought, might also be modulated by various biotic factors, 
especially interactions with animal species in terms of pollination, seed 
dispersal, and consumption. 

In this respect, the leafing patterns classified in the Marosalaza forest 
from evergreen to various deciduous categories, might be either a response 
to drought or the result of selective pressure by folivorous animals. Leaves 
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of evergreen species, which may additionally develop morphologic adapta
tions (spiny, waxy, or tough leaves) show an increased amount of toxic or 
unpalatable substances (alkaloids and/or other secondary compounds). 
The potential leaf consumers might be essentially the invertebrate fauna, 
which rapidly increases in biomass after most deciduous trees grow leaves 
(see Chapter 2). In contrast, the vertebrate fauna does not seem to be a 
threat for plant species since only a small proportion of leaves are eaten 
(see discussion about folivores in C M . Hladik, 1978). 

Flowering and fruiting patterns are more subtle than leafing patterns. 
Flowering times which in many plants follow the long dry season, might be 
also influenced by various pollinating agents and their times of activity (as 
discussed by Janzen, 1967, and more recently by Frankie et al., 1974). 
Besides insects, prosimians may act as pollinators particularly in plants 
which have a high content of pollen and/or nectar, for instance, the Boy, 
Delonix floribunda (38), and the Maronono, Evonymus pleurostyloides 
(43), consumed respectively by Cheirogaleus medius and Microcebus 
murinus (Chapter 2). These plants flower at the beginning of the rainy 
season when these two prosimian species resume activity after the period of 
lethargy. Other cases of such flowers pollinated by vertebrates have been 
observed in southern Africa (Protea spp. by rodents, Wiens and Rourke, 
1978), and especially in Madagascar (Ceiba pentandra by Lemur mongoz, 
Sussman, 1978). The trophic relations between animals and plants de
pend on plant morphology and biochemical composition, as well as on 
biological cycles (Baker and Baker, 1975; Baker, 1978). 

Fruiting patterns are more variable and difficult to classify than flower
ing ones because, for some plant species, ripe fruits immediately follow 
flowering, while in others, fruits require a long time to mature (sometimes 
as much as 1 year). As in the case of flowers, biochemical composition and 
palatability of fruits may result from interactions with vertebrates. At the 
beginning of the rainy season, the fruits of several plant species in the 
Marosalaza forest have a high protein content (compared to the mean value 
of most tropical fruits) and are particularly attractive to the 
frugivore/insectivore prosimian species during the period of relative insect 
scarcity (Chapter 2). As a result, any plant with a relatively high protein 
content in fruits will benefit from seed dispersal in the feces of prosimians. 
[For general discussion on seed dispersal, see Ridley (1930); concerning 
primates, see C M . Hladik and A. Hladik (1967) and A. Hladik and C M . 
Hladik (1969).] In this way, coevolution between seed dispersal agents and 
plants producing edible fruits might determine differences in biochemical 
composition and time of ripening between closely related plant species 
(Hladik and Halle, 1979). 

In the Marosalaza forest, the long period of drought is obviously the ma-
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jor factor affecting the biological cycles of both plants and animals. Never
theless, as in other tropical forests, an understanding of the interrelations 
between the many plant species and their predators, pollinators or seed 
dispersors, as a result of a long history of coevolution, allows a better com
prehension of biology of prosimian species in relation to the contrasting 
conditions of this environment. 

APPENDIX I 

List of the Plant Species of Marosalaza Forest (North of Morondava) with Vernacular Names, 
Life Forms, Herbarium Specimen Numbers with References to Collectors,

0
 and Phenological 

Notes 

A C A N T H A C E A E 

1. Hypoëstes sp . , H A Z O N D O L O , Shrub , A .83 , flowers in May 
2. Hypoëstes sp . , V E L A T R A , Shrub , A.80 , flowers in May 
3. cf. Justicia sp . , V E L A T R A T A K A , Herb , A. 132, flowers in June 
4. cf. Oplonia sp . , Tree , C D . l , flowers in November 
5. VOLILY, Shrub , A . 8 , sterile in April 

A M A R A N T A C E A E 

6. Achyranthes aspera L . , V A O T O M P A O S A , H e r b , A . 143, fruits in June 

A N A C A R D I A C E A E 

7. Operculicarya gummifera (Sprague) C a p . , S A K O A M B A N D I T S Y , Tree , H . 3 , 
fruits in November ; H . 23 , fruits in December; A.39 , sterile in May 

A P O C Y N A C E A E 

8. Landolphia cf. obliquinervia P ichon , K A B O K A , Liana , H . 3 3 , fruits in December 
9. H A Z O M I P I K A , Tree (?), A .23 , sterile in May 

A R A L I A C E A E 

10. Cussonia sp . , V O A N T S I L A N A , Tree, A. 156, sterile in May 

A S C L E P I A D A C E A E 

11. Cryptostegia madagascariensis Bo j . , L O M B I R Y , Liana, H .17 , flowers in 
December 

12. Cynanchum sp . , V O A H A V O R Y , Liana , A.41bis , flowers and fruits in April 
13. K O M P O T S O Y , Liana , H .39 , flowers in December 
14. V A H I R O N T O , Liana, A. 138, fruits in June 
15. Liana , A.24 , fruits in April 
16. Liana, A . 133, flowers in June 

(Continued) 



A P P E N D I X I (Continued) 

B I G N O N I A C E A E 

17. Kigelianthe sp . , T S O M O N T S O Y , Tree, A.86 , sterile in June 
18. Phyllarthron bernierianum Seeman, T O H I R A V Y , Tree, A .9 , sterile in April 
19. Stereospermum euphorioides Per r . , M A N G A R A H A R A , Tree, A . 129, flowers and 

fruits in December 

B O M B A C A C E A E 

20. Adansonia fony Baill., R E N I A L A , Tree, A .48 , flowers in April 
2 1 . Adansonia grandidieri Baill., R E N I A L A , Tree, H .27 , flowers in December 
22. Adansonia za Baill . , Tree likely to be present (photo collection H . 849 N) . 

B O R A G I N A C E A E 

23. Ehretia sp . , S O F I K O M B A , Tree, A. 104, sterile in May 

B U R S E R A C E A E 

24. Commiphora arafy Per r . , H A R O F Y , Tree, H . l 1, fruits in December; A.46 , sterile 
in May 

25. Commiphora stellulata Per r . , H A R O F I M E N A , Tree, A . 108, sterile in May 
26. Commiphora cf. pterocarpa Per r . , H A R O F I B O Y , Tree, A . 161, fruits in May 
27. Commiphora aff mafaidoha Per r . , H A R O F I F O T S Y , Tree, A . 100, sterile in May 
28. Commiphora simplicifolia Pe r r . , SEKATSY, Shrub , A. 145, sterile in May 

B U X A C E A E 

29. Buxus madagascariensis Baill., var . tropophylla, T S I V O A N I N O M B E Z O , Tree, 
J J P . 2 0 , flowers in November ; A .2 , fruits in March 

C A E S A L P I N I A C E A E 

30. Apaloxylon tuberosum Vig., T A L A M E N A , Tree, A.72 , fruits in June 
3 1 . Baudouina fluggeiformis Baill. , M A N J A K A B E T A N Y , Tree, H .15 and H . 1 8 , 

flowers in December; A.42 , fruits in April 
32. Bauhinia aff. grandidieri Baill., Tree, A. 116, sterile in June 
33. Bauhinia sp . , BANAKY, Tree, A. 16, fruits in March 
34. Cassia sp . , S A R O N G A Z A L A , Tree, A . 159, fruits in March 
35. Colvillea racemosa Bo j . , S A R O N G A Z A , Tree, H .59 , sterile in January ; A .55 , 

flowers in March 
36. Cordyla madagascariensis Vig., A N A K A R A K Y , Tree, A . 119, fruits in June 
37. Delonix boiviniana (Baill.) C a p . , F A N G O K Y , Tree, J J P . 2 , flowers in November ; 

H .16 , flowers in December; A.44, fruits in April 
38. Delonix floribunda (Baill.) C a p . , Tree , BOY, H.14 , flowers in December; 

M A L A M A S E F O Y , A. 112, sterile in June 
39. Sakoanala menabeensis Peltier, M A T A M B E L O , Tree , A . 152, flowers in May 
40. Tamarindus indica L . , Tree, KILY, H . l , flowers in November 
4 1 . Tetrapterocarpon geayi H u m b . , Tree , VAOVY, A. 162., fruits in June 
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A P P E N D I X I (Continued) 

C A P P A R I D A C E A E 

42. Boscia madagascariensis (D.C. ) H a d j . - M o u s t . , S O M A N G I B E , Tree, A . 118, 
sterile in June 

C E L A S T R A C E A E 

43 . Evonymuspleurostyloides Loesn . , M A R O N O N O , Tree, H . 6 1 , flowers in Janua ry ; 
G P . l , fruits in February 

44. T S I V O A N I Z A O , Tree, A.64 , sterile in June 
45 . R E A M P Y , Tree, A.110, sterile in May 

C O M B R E T A C E A E 

46. Combretum coccineum L a m . , Liana, J J P . 1 5 , flowers in November 
47. Terminalia bovinii Tu l . , K O F A F A , Tree , J J P . 2 8 , fruits in March ; A . 102, sterile in 

June 
48 . Terminalia mantaliopsis Pe r r . , T A L I N A L A , Tree , H . 2 8 , fruits in December; 

H .29 , flowers in December; A.54 , sterile in May; T A L I S A R A , A . 166, sterile 
in June 

49. Terminalia tricristata (Perr . ) C a p . , T A L Y , Tree, H .58 , unripe fruits in January ; 
A . 150, fruits in May 

50. Terminalia sp . , A M A N I H O M B Y , Shrub , A .35 , sterile in June 

C O M P O S I T A E 

5 1 . Elephantopus sp . , T A M B A K O N J I R I K Y , He rb , A.128, fruits in November 

C O N V O L V U L A C E A E 

52. Metaporana sericosepala V e r d e , K I L I L O , Liana, A.99 , flowers in June 

C Y P E R A C E A E 
53. Cyperus obtusiflorus Vahl , M I T A , H . 8 , fruits in November 

D I O S C O R E A C E A E 

54. Dioscorea sp . BABO, Liana, A. 130, sterile in June 

E B E N A C E A E 

55. Diospyros aculeata Per r . , R E L E F O , Tree, H . 4 , young fruits in November 
56. Diospyros aff. greveana (Pierre) Per r . , Tree , H . l 3 , young fruits in December 
57. Diospyros humbertiana Per r . , K A R I M B E L A L A H Y , Tree, A .45 , sterile in April 
58. Diospyros sp . , M A N D R A V A S A R E T R A , Tree , A.26 , sterile in April 
59. Diospyros sp . , H A Z O B O E N G A , Tree, A. 18, fruits in March 
60. Diospyros sp . , P I R I P I T S O K A L A , Shrub , A.36 , sterile in April 

E R Y T H R O X Y L A C E A E 

6 1 . Erythroxylum sp . , M E N A H I H Y , Shrub , A .113 , sterile in June 

( Continued) 
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A P P E N D I X I (Continued) 

E U P H O R B I A C E A E 

62. cf. Acalypha perrieri Leandri , Shrub , A. 142, sterile in June 
63. Antidesma petiolare Tul . , Tree, J J P . 1 7 , fruits in November 
64. Brideliapervilleana Baill., K I T A T A , Tree, A. 122, fruits in May 
65. Croton menabeensis Leandr i , S O A H Y , Tree, A .4 , flower buds in April 
66. Croton cf. jennyanum A . Gris, V O L A F O T Y , Tree, A .28 , flower buds in April 
67. Croton cf. nobilis Baill., A N D R I A M B O L A F O T Y , Tree, J J P . 2 9 , flower buds in 

March ; A. 163, flower buds in May 
68. Croton sp . , Tree , J J P . 2 6 , flower buds in March 
69. Croton sp . , Tree, J J P . 9, flowers in November 
70. Dalechampia cf. clematidifolia Baill., V A H I M B A R A O N G O , Liana, A .82 , fruits 

in June 
7 1 . Dalechampia cf. subternata Muel l .—Arg. , M I A T E L O R A V Y , Liana, H . 4 1 , 

flowers in December 
72. cf. Deuteromallotus sp . , M A M I H Y , Shrub , A.60 , flower buds in May 
73. Euphorbia antso M. Den. , A N T S O , A.45bis, sterile in May 
74. Euphorbia cf. millii Desmoulins , A.87 , sterile in June 
75. Givotia madagascariensis Baill., F A R A F A T S Y , Tree, A.52, sterile in April 
76. Phyllanthus cf. decaryanus Leandri , M A N D I F I K A , Shrub , A . 5 , sterile in March 
77. Phyllanthus casticum Willem, S A N I R A , A. 135, sterile in June 
78. Phyllanthus rhomboidalis Muel l .—Arg. , M A N A N D R A , J J P . 13, sterile in Novem

ber; A .25 , fruits in April 
79. Securinega seyrigii Leandr i , A N A T S I K O , Tree, H .62 , sterile in January ; A . l , 

flower buds in March 
80. Securinega sp . , H A Z O M E N A , Tree, A . 117, sterile in June 
8 1 . Suregada cf. capuronii Leandri , T S I L A V O N D R I A , Tree, A . 3 1 , flower buds in 

May 
82. cf. Tragia triverneana Leandri , Liana, A . 141, sterile in June 

F L A C O U R T I A C E A E 

83. Flacourtia indica (Burm. f.) Merr . , L A M O T Y , Tree, J J P . 2 1 , fruits in November 
84. Homalium albiflorum (Boiv. ex Tul .) Hoffm. , H A Z O M B O , Tree, H .44 , flowers in 

December; A .85 , flowers in May 
85. Physena sessiliflora Tu l . , Shrub , H . 5 3 , fruits in January 

G R A M I N A E 

86. Pennisetum polystachyon Sen. , TSIBOSIBOSY, A. 127, fruits in June 

H E R N A N D I A C E A E 

87. Hernandia voyroni Jumelle , H A Z O M A L A N Y , Tree, A. 164, sterile in May 

H I P P O C R A T E A C E A E 

88. Elachyptera minimiflora (Perr .) N . Halle, H A Z O N T A , Liana, H . 5 5 , flowers in 
January ; A . 2 1 , sterile in April 

H Y P E R I C A C E A E 

89. Psorospermum sp . , H A R O N G A M P A N I H Y , Shrub , A .75 , flowers in June 
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L E C Y T H I D A C E A E 

90. Foetida asymetrica Per r . , M E N A M B A H Y , Tree , A. 109, fruits in May 

L I L I A C E A E 

9 1 . Asparagus vaginellatus Bo j . , T S I M A T Y , Liana , A . 107, fruits in May 

L O G A N I A C E A E 

92. Mostuea brunonis Didr . , S O F I T A M B A , Shrub , J J P . l , flowers in November ; 
A .98 , sterile in June 

93 . Strychnos decussata (Pappe) Gilg, H A Z O M B Y , Tree , H .5 and H.54 , flowers in 
November and January ; H . 2 5 , fruits in December; A . 17, sterile in April 

L Y T H R A C E A E 

94. Capuronia madagascariensis A . Lourteig, K I T A T A M A L A N D Y , Shrub , A.53bis , 
sterile in May 

M A L V A C E A E 

95. Gossypium brevilanatum (Hochr . ) Hu tch . , H A S I K I T O K Y , A . 165, flowers and 
fruit in May 

96. Hibiscus cf. diplocrater Hoch r . , M A I N A T Y , A . 3 3 , fruits in April 
97. Hibiscus macrogonus Baill., H A L A M P O , A . 157, flowers in May 
98. Hibiscus vitifolius L . , A . 147, fruits in June 
99. Perrierophytum sp . , A . 136, fruits in June 

M E L A S T O M A C E A E 

100. Memecylon sp . , T A H I L A , Shrub , A . 14, sterile in April 

M E L I A C E A E 

101. Cedrelopsis sp . , M A N T A O R A , Tree, A. 13, sterile in April 
102. Cedrelopsis sp . , M A M P A N D R Y , Tree , A.30 , sterile in April 
103. Chloroxylon falcatum C a p . , M A N D A K O L A H Y , Tree, A.40 , flowers in April 
104. Neobeguea mahafaliensis Leroy, H A N D Y , Tree , H .26 , fruits in December; A . 6 1 , 

fruits in April 
105. Turraea sp . , Sh rub , H .37 , flowers in December 
106. Turraea sp . , H A Z O M P O D Y , Shrub , H .42 , flowers in December 

M E N I S P E R M A C E A E 

107. Anisocyclea grandidieri Baill., T S I D I K A N D A M B O L A H Y , Liana , A.97 , sterile in 
June 

108. Desmonema uviforme (Baill.) Diels, BOKATSI FA K A , Liana , H .20 , flowers in 

December 

M I M O S A C E A E 

109. Acacia aff. drakei Vig., FATIKY, Tree, A.66 , sterile in June 

110. Acaciapervillei Benth . , L iana , H . 4 8 and H.48bis , flowers in November 
111. Acacia sakalava Drake , ROY, Tree, J J P . 18, flowers in November 

(Continued) 
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112.  Albizia  s p . , H A L O M B O R O , Tree , A .160 , fruit s i n Apri l 
113. Dichrostachys  arborescens  s.L,  S h rub , J JP .12 te r , flower s i n Novembe r 
114. Mimosa  aff.  menabeensis  Vig. , Tree , H .24 , flower s i n Decembe r 

M O R A C E A E 

115.  Broussonetia  greveana  (Baill. ) C .C . Berg , Tree , VORY , A .57 , steril e i n Ma y 

O C H N A C E A E 

116.  Diporidium  greveanum  v . T iegh. , T S I V A N G O , Tree , C D . 2 , an d H .36 , flower s i n 
November an d December ; H . 4 5 , fruit s i n Decembe r 

117. Diporidium  pervilleanum  v . Tiegh , B O R A M E N A , T S I V A N G O , Tree , J J P . 8 an d 
J J P . 1 1 an d H . 3 5 , flower s i n Novembe r an d December ; H .1 2 an d H .46 , 
fruits i n December ; A . 10 , steril e i n Marc h 

118. S A V O N E R A , A . 4 3 , steril e i n Apri l 

O L E A C E A E 

119. Noronhia  boinensis  P e r r . , Tree , H .50 , flower s i n J anuary ; Noronhia  cf.  boinensis, 
TSILAITSY, A .79 , fruit s i n Jun e 

O R C H I D A C E A E 

120.  Microcoelia  perrieri  (Schltr. ) Summerh . , T I N O R I N K I B O , A.134 , steril e i n Jun e 
121.  Oeceoclades  decaryanus  (Perr . ) Ga r ay , H . 5 1 , flower s i n J anuar y 
122. Sobennikoffia  robusta  Schltr . , likel y t o b e presen t 

123. Vanilla  cf.  montagnacii  Po r tè res , V A H I M A L O , Liana , A .78 , steril e i n Jun e 

P A P I L I O N A C E A E 

124.  Chadsia  flammea  Bo j . , Sh rub , H . 2 , H .3 1 an d J J P . 4 , flower s i n Novembe r an d 
December; C . aff.  flammea,  R E M O T Y , A.94 , fruit s i n Ma y 

125.  Chadsia  versicolor  Bo j . , Sh rub , H .32 , flowers  i n December ; C . aff.  versicolor, 
A.96 , fruit s i n Jun e 

126.  cf.  Dalbergia  bracteolata  Bak. , V A H I N T A , A .22 , steril e i n Apri l ; H .56 , steril e i n 
J anuary 

127.  Dalbergia  greveana  Baill. , M A N A R I B A O M B Y , Tree , A . 4 1 , steril e i n Apri l 
128. Dalbergia  aff  purpurescens  Baill. , M  A N A R I B E R A V Υ, Tree , A.56 , fruits in May; 

C D . 3 , sterile in November 
129. Dalbergia chlorocarpa Vig., M A N A R I V O L O E , Tree, A.90 , sterile in May 
130. Dalbergia sp . , M A N A R Y , Tree, A .6 , sterile in April 
131. Pongamiopsis pervilleana (Baill.) Vig. ex Peltier, H A Z O M B O A T A N G O , Tree , 

A .47 , sterile in May 

P E D A L I A C E A E 

132. Uncarina sp . , F A R A H E T S Y , Tree, A.155, sterile in May 

R H A M N A C E A E 

133. Berchemia discolor (Klotzsch.) Hemsley, T S I A N D A L A , Tree, A . 7 , sterile in 
March 
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134. Colubrina alluaudii (Perr . ) C a p . , Tree, A .58 , fruits in May 
135. Colubrina decipiens (Baill.) C a p . , T R A T R A M B O R O N D R E O , Tree , A . 144, fruits 

in May 
136. Gouania lineata Tu l . , V A H I N D R A N O M B A V A N A O M B Y , Liana , J J P . 3 2 , 

flowers in March ; A. 115, fruits in June 

R U B I A C E A E 

137. Breonia sp . , M O L O M P A N G A D I B E R A V I N A , Tree, A .53 , fruits in April 
138. Carphalea sp . , M E N A V A O N Y , Tree , A.158 and J J P . 3 1 , fruits in March ; flowers 

in December 
139. Enterospermum sp . , T A O L A N K E N A , Shrub , A .65 , fruits in June 
140. Hymenodictyon cf. louhavate Horn . , B E H O L I T S E , Tree, A. 19, sterile in April 
141. Poederia sp . , V A H I M A N T S I N A , Liana , A . 9 1 , fruits in June 
142. Pyrostria sp . , F A T I K A H I T R A , Tree, J J P . 6 , flowers in November ; A.34 , fruits 

in April 
143. F A T I K A H I T R I B E R A V Y , A . 8 1 , sterile in June 
144. F A T I K A H I T R I M A D I N I Z A V Y , Shrub , A . 114, sterile in June 
145. K O S O M P A , Shrub , H .49 , flowers in January ; J J P . 2 3 , fruits in March 
146. L A M B O , Shrub , A . l l l , fruits in June 
147. P A P O L A H Y , Tree, A .88 , fruits in May 
148. T S I H A T A I M B A L Y , Tree , A . 120, sterile in June 
149. T S I V O A N I N O , J J P . 2 4 , flowers and fruits in March 
150. V O A F O T A K A , Tree, A . 106, fruits in March 
151. H .34 , flowers in December 
152. A .50 , sterile in April 
153. A . 9 3 , sterile in June 
154. Zanthoxylum tsihanimposa Pe r r . , M O N O N G O , Tree , H .60 , sterile in January ; 

H E L A B A L A L A , A.67 , sterile in June 

S A P I N D A C E A E 

155. Allophyllus cobbe (L.) Raeusch. , H A Z O M P O S Y , Tree, J J P . 2 7 , fruits in March 
156. Doratoxylon sp . , B A N J O N Y , A. 121, sterile in June 
157. Majidea zangabarica Kirk. var. madagascariensis (Baill.) C a p . , Tree , A. 153, 

flowers in May 

S A P O T A C E A E 

158. Capurodendron rubrocostatum ( Jum. and Perr . ) Aubr . , N A T O K O R O N O N O , 
Tree, A . 139, sterile in June 

S O L A N A C E A E 

159. Solanum sp . , V O A N G I V Y , Shrub , H .40 , flowers in December; A.84 , flowers and 
fruits in June 

S T E R C U L I A C E A E 

160. Byttneria oligantha J . Ar . , V A H I N A M A L O N A , Liana, J JP .9b i s and H .22 , 
flowers in November and December; A .76 , fruits in May 

161. Dombeya sp . , Shrub , H . 3 8 , flowers in December 

(Continued) 
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162. Hildegardia erythrosyphon (Baill.) Kost . , Vonoa , Tree , A . 5 1 , sterile in April 
163. Nesogordonia cf. ambalalensis J . Ar . , R E F E K O , Tree, A . 7 1 , sterile in March 
164. Nesogordonia cf. micrantha J . Ar . , H A Z O M E N A R A N O , Tree, A . 1 5 1 , sterile in 

June 

T A C C A C E A E 

165. Tacca leontopetaloides (L.) Kuntze, T A V O L Y , H .57 , sterile in January 

T I L I A C E A E 

166. Grewia cyclea Baill., SELIBE, Tree, H .19 , flower buds in December; H .10 and 
J J P . 2 2 , young fruits in December; A.32 , fruits in April 

167. Grewia dombeyopsis C a p . , SELIMBIVY, H . 4 3 , flowers in December; A . 15, sterile 
in April 

168. Grewia glandulosa Vahl, Tree, H .52 , fruits in January 
169. Grewia triflora (Boj.) Wa lp . , SELY, Tree, A .68 , fruits in May 
170. Grewia voloina C a p . , S E L I M A L I M A T S Y , Tree, A.12 , sterile in April 
171. Grewia sp . , S E L I F O T I V O R Y , A .27 , sterile in April 
172. Grewia sp . , SELIMBITIKA, J J P . 2 5 , fruits in March 
173. Grewia sp . , V A L O , Tree , H . 9 , flowers in December; A . 1 1 , sterile in April 
174. Grewia sp . , J J P . 7, flowers in December 
175. S E L I M A V O , Tree, A.70 , fruits in May 
176. A . 140, Tree, sterile in May 

T U R N E R A C E A E 

177. Piriqueta integrifolia (Clav.) C a p . , J J P . 10 and H.30 , Tree, flowers in November 
and December 

V E R B E N A C E A E 

178. Clerodendrum involucratum Vatke , M A V O A L A , Shrub , A. 105, flowers in June 
179. Vitex menabeensis C a p . , Shrub , J J P . 19, flowers in November ; H . 2 1 , flowers and 

fruits in December 

V I T A C E A E 

180. Cyphostemma pachypus Desc. 
181. A .77 , Liana, sterile in June 

V O A L O M B O K A L A , Liana, A.49 , sterile in May 

S P E C I E S U N K N O W N 

182. B E T O N D R O , A.89 
183. H A Z O F I A , A.63 
184. H A Z O M E N A L A L A , A.3 
185. H A Z O N D A N D I A L A , A.95 
186. L A L I A N G I A L A , A.37 
187. N A T O , A. 103 

188. P I T I K A L A , A.38 
189. S O M P A T S A L A , A.29 
190. T A I N A K A N G A , A. 126 
191. T S I E N G E N A , A.59 
192. T S I L O M A Y , A.92 
193. T S I V A N I N O , A.69 

and numbers : H .6 , A.62, A.74 , A . 1 0 1 , A.123 , A.124, A.125, A .131 , A.137, A.148, 
A.154 
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S P E C I E S S U P P O S E D T O BE P R E S E N T (no herbar ium specimens) 

Secamopsis madagascariensis Bo j . , A S C L E P I A D A C E A E 
Crateva greveana Baill. , C A P P A R I D A C E A E 
Rhopalocarpus lucidus Bo j . , R H O P A L O C A R P A C E A E 

a
 A . = J . - P . A b r a h a m ; C D . = P . Char les-Dominique; H . = C M . Hladik; E P . = E . 

Pages; G P . = G. Par iente ; J J P . = J . - J . Pet ter . 

APPENDIX II 

Checklist of the Vernacular Names of the Plant Species of Marosalaza Forest

 a 

A n a k a r a k y (36) 
Anats iko (79) 
Andr iambolafo ty (67) 
Antso (73) 
A m a n i o m b y (50) 
Babo (54) 
Banaky (33) 
Banjony (156) 
Beholitse (140) 
Betondro (182) 
Bokats ifaka (108) 
Boramena (117) 
Boy = malamasefoy (38) 
Fangoky (37) 
Farafatsy (75) 
Farahetsy (132) 
Fatiky (109) 
Fat ikahi t ra (142) 
Fat ikahitr iberavy (143) 
Fat ikahitr imadi-nizavy (144) 
H a l a m p o (97) 
H a l o m b o r o (112) 
H a n d y (104) 
Harof iboy (26) 
Harofifotsy (27) 
Harof imena (25) 
Harofy (24) 
Ha rongampan ihy (89) 
Hasiki toky (95) 
Hazoboenga (59) 
Hazofia (183) 
Hazomalany (87) 
H a z o m b o (84) 
H a z o m b o a t a n g o (131) 
Hazomby (93) 
H a z o m e n a (80) 

Hazomenala la (184) 
H a z o m e n a r a n o (164) 
Hazomip ika (9) 
H a z o m p o d y (106) 
H a z o m p o s y (155) 
Hazondand ia la (185) 
Hazondo lo (1) 
Hazon t a (88) 
Helabalala = m o n o n g o (154) 
Kaboka (8) 
Karimbelalahy (57) 
Kililo (52) 
Kily (40) 
Kitata (64) 
Ki ta tamalandy (94) 
Kofafa (47) 
Kompotsoy (13) 
Kosompa (145) 
Lalangiala (186) 
L a m b o (146) 
Lamoty (83) 
Lombiry (11) 
Mainaty (96) 
Malamasefoy (38) 
Mamiky (72) 
M a m p a n d r a (102) 
Manandry (78) 
Mana r ibaomby (127) 
Manar iberavy (128) 
Manar ivoloe (129) 
Manary (130) 
Mandako lahy (103) 
Mandif ika (76) 
Mandravasa re t ra (58) 
Manga raha ra (19) 
Manjakabe tany (31) 

M a n t a o r a (101) 
M a r o n o n o (43) 
Matambe lo (39) 
Mavoala (178) 
Menahihy (61) 
M e n a m b a h y (90) 
Menavahony (138) 
Miateloravy (71) 
Mi ta (53) 
Molompangad ibera -

vinamadinidravina (137) 
M o n o n g o (154) 
Na to (187) 
N a t o k o r o n o n o (158) 
Papo lahy (147) 
Pir ipi tsokala (60) 
Pi t ikala (188) 
Reampy (45) 
Refeko (163) 
Relefo (55) 
Remoty (124) 
Reniala (20 and 21) 
Roy (111) 
Sakoambandi t sy (7) 
Sanira (77) 
Sarongaza (35) 
Sarongazala (34) 
Savonera (118) 
Sekatsy (28) 
Selibe (166) 
Selifotivory (171) 
Selimalitsy (170) 
Selimavo (175) 
Selimbitika (172) 
Selimbivy (167) 
Sely (169) 

(Continued) 
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A P P E N D I X I I (Continued) 

Soahy (65 ) 
Sof ikomba (23 ) 
Sof i tamba (92 ) 
Somangibe (42 ) 
Sompatsala (189 ) 
Tahi la (100 ) 
Ta inakanga (190 ) 
Ta lamena (30 ) 
Talinala (48 ) 
Taly (49 ) 
Tambakonj i r iky (51 ) 
Tao lankena (139 ) 
Tavoly (165 ) 
T inor inkibo (120 ) 
Tohiravy (18 ) 
T ra t r amboron-d reo (135 ) 
Ts iandala (133 ) 
Tsibosibosy (86 ) 

(107) 
Tsiengena (191 ) 
Tsihataimbaly (148 ) 
Tsilaitsy (119 ) 
Tsi lavondria (81 ) 
Tsi lomay (192 ) 
Tsimaty (91 ) 
Tsivango (116 ) 
Tsivanino (193 ) 
Tsivoanino (149 ) 
Ts ivoaninombezo (29 ) 
Tsivoanizao (44 ) 
Tsomontsoy (17 ) 
Vahimants ina (141 ) 
Vahimalo (123 ) 
Vah imbaraongo (70 ) 
Vah inamalona (169 ) 

Ts id ikandambolahy Vah indranambava-
n a h o m b y (136 ) 

Vahinta (126 ) 
Vahi ronto (14 ) 
Valo (173 ) 
Vao tompaosa (6 ) 
Vaovy (41 ) 
Velatra (2 ) 
Vela t ra taka (3 ) 
Voafo taka (150 ) 
Voahavory (12 ) 
Voa lomboka la (180 ) 
Voangivy (159 ) 
Voantsi lana (10 ) 
Volafoty (66 ) 
Volily (5 ) 
Vonoa (162 ) 
Vory (115 ) 

a
 Th e number s refe r t o specie s liste d i n Appendi x I . Mos t o f th e name s i n Sakalav a 

language ar e fro m J . - P . A b r a h a m . 
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2 Feeding Strategies of Five Nocturnal 
Prosimians in the Dry Forest of the 
West Coast of Madagascar 

C . M. H L A D I K , P . C H A R L E S - D O M I N I Q U E , 
a n d J . J. PETTER 

INTRODUCTION 

The adaptive strategy of animal populations allows a species increased 
fitness in response to important variations of environmental conditions 
mainly affecting food availability. In evolutionary terms, some species in
vest in the efficiency of reproductive functions for maximum population 
growth when conditions permit (r strategy), while other species maintain a 
fairly constant population (K strategy) through maximum investment in in
dividual fitness (MacArthur and Wilson, 1967). The predictability of food 
production is a determinant parameter of such mechanisms, the Κ strategy 
existing only in the presence of regular cycles of overall food production. 
By contrast, species adaptation to food resources described as "generaliza
tion" and ''specialization" (MacArthur, 1965) may or may not correspond 
to the temporal patterning of food availability. For instance, specialized 
species such as most folivorous mammals are adapted to a set of predict
able food resources (A. Hladik, 1978), while other specialists, mainly 
among monophagous invertebrates, evolved towards r strategies to max
imize the output from locally abundant resources unevenly distributed in 
space and time (Wilson, 1975). 

Among primates, feeding strategies which have been observed in dif
ferent species are intermediate cases of specialization concerning differen
tial utilization of food resources. The most specialized is a "low-cost and 
low-energy return" strategy of some folivores (Hladik, 1977a) which allows 
large populations to subsist on the most abundant but least nutritious 
plants. The most generalized is the "high-cost and high-energy return" 
strategy of many Cercopithecinae and Chimpanzees (Hladik, 1977b). Both 
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tendencies are obviously the expression of the Κ strategy, and tend to main
tain constant population densities (Charles-Dominique and Hladik, 1971). 
Although primate population ecology suffers from the small size of most 
samples observed, the accuracy of a multitude of field studies has allowed 
detailed analysis of feeding strategies in relation to physiology, behavior, 
and sociology, which support these views (C. M. Hladik and Chivers, 
1978). 

A comparison of the different adaptations of the nocturnal prosimian 
species of the Marosalaza forest (West Coast of Madagascar) provides ad
ditional information of this kind. In this region, the environment presents a 
highly variable cycle (Chapter 1), with predictability of food supply only 
possible on a long-term basis. The prosimian species have adopted several 
ecophysiological or behavioral solutions, a brief account of which has 
already been presented by Petter (1978). Two of these species, Phaner fur-
cifer and Microcebus coquereli, are the main subject of other chapters in
cluded in this volume, by Charles-Dominique and Petter, and by Pages, 
respectively. A third species, Lepilemur ruficaudatus, can be compared to 
other Sportive Lemurs studied in detail elsewhere (C. M. Hladik and 
Charles-Dominique, 1974). Accordingly, in the present comparative study, 
we mainly develop detailed information concerning the two Cheiro-
galeinae, Cheirogaleus medius and Microcebus murinus, which live in sym-
patry with the three other nocturnal species in the Marosalaza forest. 

This chapter is based on data obtained during successive and partly 
overlapping field studies of the authors (J. J. Petter, October/November, 
1973 and January/February, 1974; C. M. Hladik, December, 1973/Janu-
ary, 1974; P. Charles-Dominique, November/December, 1973 and May/ 
June, 1974 and is completed by field observations of other participants of 
the Morondava Programme (G. F. Pariente and E. Pages). The interpreta
tion of most results was permitted by careful analysis of physiological 
cycles of the different prosimians, conducted simultaneously and following 
completion of the field work, in the animal house of the Brunoy Labora
tory (see Chapters 2, 6, and 7). 

The different techniques for recording data on plant production and for 
animal trapping and marking, which are also common to other papers in 
this volume, will be briefly described in the relevant sections. 

SEASONAL VARIATIONS IN FOOD PRODUCTION AND 
FOOD COMPOSITION IN THE MAROSALAZA FOREST 

The environmental conditions in the Marosalaza forest are described in 
Chapter 1. Plant diversity is not as important as in most tropical forests in-
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habited by primates. Nevertheless, different life cycles of tree and liana 
species provide a successional emergence of various food resources. 

Yearly variations, in terms of the number of plant species bearing 
flowers, fruit, and new leaves (Fig. 1), provide only an approximate picture 
of the actual changes of food availability in the Marosalaza forest, since 
the biomass of the different species varies considerably. Accordingly, an in
dex was calculated which takes into account the total basal area of the most 
common species present in the sample and reflects the total biomass. The 
values obtained by adding these "biomass indices" yielded overall varia
tions roughly correlated with species abundance: a peak for flowers in 
November, but a slightly more even distribution of fruit production be
tween December and June. Since these different values are not significant 
for plant species present in small quantity, potential food availability could 
not be recorded in terms of absolute production, except during a limited 
period (see Table V, Chapter 1). Nevertheless, the different methods of ap
proach yielded sufficiently similar results in terms of relative variation of 
potential food production to consider Fig 1. as a valid base for comparing 
the adaptations of different prosimian species. 

Seasonal Variations in Flowers 

There is a very marked period of flowering in October/November 
preceding the rainy season, which lasts for only a short time after the rain 
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Fig. 1. Variat ion of food availability th roughou t the year, in the Marosalaza forest, ac
cording to the number of species producing potential foods in a sample of 2200 m
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Fig. 2. The Boy flower, Delonix floribunda (A), in which was found the most abundan t 
product ion of nectar . The detail (B) shows the unique central petal totally filled with 0.5 gm of 
nectar (species 38 in Appendix I of Chapter 1; photos by C. M . Hladik) . 

starts. Many species of Marosalaza forest plants bear flowers with a very 
large quantity of nectar, such as the Boy, Delonix floribunda (28) * (Fig.2). 
Sussman (1978) already noted the importance of some large flowers in the 
diet of diurnal and crepuscular prosimians, which are major pollinators of 
these plants. In Marosalaza, the sudden abundance of such potential foods 
during the austral spring, corresponds to changes in physiological cycles of 
activity, especially in Microcebus murinus and Cheirogaleus medius 
(Chapter 6). During the dry season, only a limited number of plants pro
duce flowers, but the large Baobabs, Adansonia spp. (20/21) might provide 
an important supply for still active species such as Microcebus coquereli. 

Seasonal Variations in Fruits and Young Leaves 

Fruits are available throughout the rainy season and until June. In 
December, the maximum production of fruits such as the Malagasy plum, 
Flacourtia indica (83), the fruit of Iron wood, Strychnos decussata (93), the 
Forest grape, Cyphostemma pachypus (180), a bottle-like vine, (see Tables 

* The numbers in parentheses refer to Appendix I of Chapter 1. 



2. Feeding Strategies of Nocturnal Prosimians 45 

I and II, Chapterl), occurs simultaneously with the decreased availability 
of nectar and other edible parts of flowers produced by different species. 
Fruits are also abundant in February/March, when the young of different 
prosimian species start feeding independently. Fruit production which is 
maintained until the beginning of the dry season, in April/May, permits 
species such as Cheirogaleus medius and Microcebus murinus to ac
cumulate fat reserves preceding the period of lethargy (Chapter 6). 

Young leaves are also an important potential food resource (A. Hladik, 
1978) and are partly used by Cheirogaleinae before fruits become abun
dant. By contrast, tough mature leaves are potential food for Lepilemur 
ruficaudatus only. The major importance of leaf production is the direct 
impact on invertebrate production (see below) which is of paramount im
portance for most species of nocturnal prosimians. 

Composition of Plant Parts 

Samples of prosimian foods were collected in the Marosalaza forest, and 
preserved for analysis according to standard techniques (Hladik, 1977c). 
Results of the analysis of the major types of food are presented in Table I. 

Since flowers and fruits are likely to provide the staple food of various 
prosimian species during long periods, their relative composition of car
bohydrates and protein might be determinant of the dietary balance. In this 
respect, it is remarkable that the mean protein content of the different fruit 
samples (7.3%) is high compared to that of the fleshy parts of most fruits 
of the African rain forest and the Asian semi-deciduous forest (rarely in ex
cess of 5%; Hladik, 1977b; 1978a). For animals feeding on insects and 
fruits, the risk of facing protein deficiency during periods of insect scarcity 
is thus lower than in other environments. For example, the protein-rich 
fruit of Operculicarya gummifera (7) which is also rich in fat, is a highly 
valuable food for Cheirogaleus medius at the beginning of its period of ac
tivity. This animal feeds on the pulp of such fruits and disperses the seeds 
in feces, and consequently exerts a selective pressure in favor of the most 
attractive fruits in terms of nutrient. Although this is a general 
phenomenon (see discussion in Chapter 1), selection pressures are in
fluenced by the long dry season in the Marosalaza forest, which results in a 
decrease of most food resources (especially protein, i.e., insects; see 
below), and explains the unusually high protein content of fruits (Table I). 

Gums and tree exudates have a very low protein content which implies 
the necessity of a protein supplement (insect) for species feeding on these 
resources. One sample of gum of Terminalia tricristata (49) presents a high 
content of soluble sugar extracted after weak hydrolysis. This appears sur
prising, because in other samples of gum (mainly those of lianas and trees 
of Gabon), the same type of hydrolysis does not break the apparently 
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TABLE I 

Composition of Samples of Foods Eaten by Prosimians

0 

Percentage dry weight 

Reducing 
sugars 

Protein (after weak 
Type of food (Ν χ 6.25) hydrolysis) 

Flower extract 
Delonyx floribunda H . 14 A (38) 6.4 68.2 

Fruits (fleshy parts only) 
Operculicarya gummifera H . 3 A (7) 9.5 14.2 
Physena sessiliflora H . 53 A (85) 8.3 32.5 
Strychnos decussata H . 25 A (93) 7.1 55.9 
Grewia glandulosa H . 52 1 (168) 6.0 15.8 
Evonymus plurostyhides G P . A (43) 5.8 17.1 

Gums 
Terminalia mantaliopsis P C D . 3 F (48) 5.2 
Terminalia tricristata H . 58 F (49) 3.3 
Terminalia tricristata E P . 3 S (49) 2.6 87.8 

Other tree exudate 
Sap of Adansonia fony P C D . 2 F (20) 5.1 

Insect secretion 
Dried secretion from larval colony of 
Flatida coccinea E P . 1 S 1.4 5.0 

a
 Collected in the Marosalaza forest by P . Charles-Dominique (PCD. ) , C. M. 

Hladik (H. ) , E . Pages (EP.), and G. F . Par iente (GP. ) . The reference numbers in 
parentheses are those in Appendix I in Chapter 1. 

strong chains of pentoses (C. Mercier, personal communication, and un
published data of C. M. Hladik and Charles-Dominique), and in these 
cases, only a small amount of soluble sugars is obtained. This type of 
analysis of soluble sugars has been chosen (Hladik et al., 1971) to account 
for what is likely to be assimilable by most mammals without a particular 
digestive adaptation. Accordingly, some of the gums available in the 
Marosalaza forest appear to be readily digestible by nonspecialized prosi
mians. The specialized gum eaters might thus have originated from this 
type of forest; but further investigation should be necessary to confirm this 
hypothesis. 

The investigations concerning the possible toxicity of plants in the 
Marosalaza forest have been limited to the alkaloid screening of Hladik 
(Chapter 1). Other secondary compounds, such as tannins, glycosides, and 
saponines, may also be toxic (Whittaker and Feeny, 1971) and were actu-
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ally found in some of the samples from the West Coast of Madagascar 
analyzed by Debray et al. (1971). The overall results of the alkaloid survey 
indicate concentration of alkaloids mainly in evergreen species. This may 
reduce the possible food choices for a folivore such as Lepilemur 
ruficaudatus during the dry season. In contrast, the other prosimian species 
feeding on fruits and nectars are not expected to face plant toxicity. 

Invertebrate Production 

Sampling invertebrate production in order to determine what is available 
as food to prosimians, necessarily implies a bias due to the method of col
lection. An ultra violet lamp located near the forest border was used to at
tract flying insects in a trap, during 2 hours at the beginning of each night. 
After the initial period of intense capture (> 25 gm dry weight, per night), 
the "production," including mainly Coleoptera, was more stable and prob
ably reflected variations of a part of the invertebrate food available to noc
turnal prosimians. The amount of insects progressively increased from 
January to February (from 6 to 15 gm), and subsequently tended to 
decrease (about 8 gm in March). This insect population thus followed the 
pattern of leafing of most trees illustrated by Fig. 1, the insects being 
available about 2 months after the leaves have developed. 

A more reliable estimate is provided by caterpillars' feces collected and 
weighed in the litter (Table V, Chapter 1). The increase of caterpillar 
feeding activity is also subsequent to leaf growth with a maximum reached 
in May. It thus can be assumed that insect populations attain maximum 
density at the end of the rainy season. 

Accordingly, the food available to most nocturnal prosimians, which is 
mainly composed of carbohydrates (nectars) in November, and includes 
fruits with a fairly high protein content in December/January, would pro
gressively become richer in insect protein in February/March (insect com
position includes approximately 70% protein, dry weight; Hladik, 1977b). 
The continuation of fruit production in March/April (Fig. 1) would subse
quently result in a diet including more carbohydrates for the species which 
increase food intake before the dry season. 

Invertebrate availability was not homogeneous in the study area, espe
cially during the dry season. Different samples collected by E. Pages 
showed that the amount of arthropods was twice as large in the dense vege
tation around the temporary pond as in the dryer parts of the forest (Table 
II). The distribution of invertebrate populations is also influenced by forest 
structure, for example, Orthoptera are present in larger quantity in Area 3. 
An extrapolation from these results and leaf production indicates an order 
of magnitude of 0.5 to 1.0 kg per hectare of invertebrate biomass. 
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TABLE II 

Comparison of Arthropod Samples Classified According to Possible Level of Identification, 
in Different Areas of the Marosalaza Forest

a 

Number of individuals Dry weight Percentage of 
(percentage occurrence) (gm) dry weight 

Area 1 
Arachnids 55(53) 0.16 30 
Blattaria (cockroaches) 24(23) 0.12 23 
Manti idae 7(6) 0.08 15 
Coleoptera 5(5) 0.04 8 
Hemiptera 4(4) 0.04 8 
H o m o p t e r a 4(4) 0.03 6 
Lepidoptera 2(2) 0.03 6 
Or thopte ra (crickets) 1(1) 0.01 2 
Hymenopte ra 1(1) 0.01 2 

Area 2 
Arachnids 56(55) 0.21 41 
Blattaria 22(21) 0.08 15 
Or thop thera 5(5) 0.05 10 
Lepidoptera 3(3) 0.05 10 
H o m o p t e r a 7(7) 0.04 8 
Mant i idae 4(4) 0.04 8 
Misc. including ants 5(5) 0.04 8 

Area 3 
Blattaria 38(26) 0.28 27 
Arachnids 74(50) 0.26 25 
Or thop the ra 8(5) 0.22 21 
Hemiptera 13(9) 0.12 12 
Lepidoptera 8(5) 0.08 8 
Coleoptera 4(3) 0.04 4 
H o m o p t e r a 5(3) 0.02 2 
Hymenopte ra 4(3) 0.01 1 
a
 The samples were collected by E . Pages from the leaves of Buxus madagascariensis col

lected at r andom up to 5000 gm fresh weight. The three areas investigated (Area 1 along trails 
A to M; Area 2 along trails M to R; Area 3 along trails R to W) have also been compared for 
popula t ion density of Microcebus coquereli (see Chapter 4, Table I). 

Other types of invertebrates are not directly preyed upon by prosimians 
but nevertheless play a role in producing secretions available as food. Dif
ferent cochineals have been observed as well as homopterans. The most 
abundant species is Flatida coccinea (Homoptera, Fulgoridae; Fig. 3)* 
which forms large colonial aggregates on the vine Elachyptera minimiflora 

* Identification was made by M. Boulard (Laboratoi re d 'En tomolog ie , Museum Nat ional 
d 'His to i re Naturelle). 
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(88). During the dry season, the larval forms produce large droplets of 
honey dew which may be licked by Microcebus coquereli (see Chapter 4). 
This secretion falls on the leaves under the colony, and dries to form a 
white sweet concretion which remains edible. Results of analysis of this 
product are shown in Table I. The very low protein content is not surpris
ing since the plant sap extracted by the insect is initially poor. In addition, 
the low value of reducing sugars is probably due to a nonreducing compo
nent which has been described as "mannite" (Decary, 1946) and was ex
ploited by humans. 

Vertebrates, mainly chameleons which appeared to be abundant in the 
Marosalaza forest, also form a part of the food available for prosimians. 

POPULATIONS OF NOCTURNAL PROSIMIANS IN 
RELATION TO FOOD AVAILABILITY 

Population censuses were conducted in 1973 and 1974, in the study area 
of the Marosalaza forest (see Fig. 5, Chapter 1). The animals were captured 
and consistently recaptured in spring-loaded traps, and marked with dif
ferent combinations of ear cuts and complementary visible marks by 
depilation of some parts of the tail, according to the different methods of 
Charles-Dominique (1977). These data (Table III) are the most reliable, 
since the nocturnal observations conducted during several months showed 
that most of the animals present in the center of the study area consisted of 
marked individuals. In species for which home ranges have been measured 
(see Chapters 3 and 4), the densities indicated in Table III have been 
calculated according to these measures. 

Other censuses have been made along transects, in order to obtain com
parative data from different areas (Table IV). These were conducted 
repeatedly by two observers ( C M . Hladik and P. Charles-Dominique in 
November, 1973; C. M. Hladik and G. F. Pariente in January, 1974) walk
ing slowly along trails with headlights, and using a measuring device 
("ΤοροίίΓ') to locate accurately all observations. In a given area, suc
cessive surveys yielded very similar results. 

Population densities of the different prosimian species have the same 
order of magnitude in different parts of the closed forest. These densities 
are extremely high, especially for Cheirogaleus medius and Microcebus 
murinus (Table III). One of the transects in the closed forest (Table IV) was 
located about 5 km south of the study area (a trail previously opened for oil 
prospection was reused). The lower densities calculated in this case for C. 
medius and M. murinus may well be due to the poor visibility in the 
undergrowth of the forest where these species generally forage. On the con
trary, the population densities of Phaner furcifer and Lepilemur 
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TABLE III 

Population Densities and Biomasses of Nocturnal Prosimians in the Study A r e a

a 

Cheirogaleus 
medius 

Microcebus 
murinus 

Microcebus Phaner 
coquereli furcifer 

Lepilemur 
ruficaudatus 

Number of 
animals : 31 72 

Area controlled 
(ha) (9) (20) 

Est imated 
popula t ion 
per k m

2
 (100 ha) 350 400 

Biomass 
(gm/ha ) 500-700 200 

9 

(30) 

30 

100 

14 

(25) 

50-60 

200 

4 

(2) 

250 

2000 1
 Marosalaza Forest , 50 km nor th of M o r o n d a v a . 

TABLE IV 

Comparison of Population Densities in Two Different Areas of the Forest of the West Coast 
of Madagascar 

Cheirogaleus Microcebus Microcebus Phaner Lepilemur 
medius murinus coquereli furcifer ruficaudatus 

Transect in 
closed forest 
(3 ha) ; 
Number of 
animals 6 2 1 3 10 

Est imated 
popula t ion 
per k m

2 
200 60 30 100 330 

Trail from 
closed forest 
to Sira Sira 
(4.4 ha) ; 
Number of 
animals 1 6 0 2 2 

Est imated 
popula t ion 
per k m

2 
20 130 0 40 40 
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ruficaudatus are certainly exaggerated as a consequence of the excellent 
visibility in the tree tops where records were possible at distances exceeding 
15 m from the trail (see methodological discussion about "visibility pro
files" in Charles-Dominique and Hladik, 1971). Nevertheless, this method 
of census showed clear-cut differences between the closed forest and the 
transitional part on dry and/or salty soils towards the "Sira sira," where 
Microcebus coquereli is totally absent. The low population densities of the 
other species along this transect (Table IV) indicate a gradation in which 
most animals have a normal density near the tall forest, which diminishes 
fairly abruptly towards the Sira sira. The two exceptions are M. murinus, 
that we observed in low bushes up to the extreme limit of the Sira sira, and 
P. furcifer which probably can survive on a shrub producing gums, closely 
related to the "Talys." The local decrease in population densities can be 
related to the obvious scarcity of food resources in the lower less dense 
parts of the forest. 

Biomasses and Food Availability 

The biomasses of the different prosimian species, which have been 
calculated according to population densities (Table III), are the best 
"transducers" of the possible feeding strategies. The classical approach of 
any ecosystem through a pyramid of the biomasses (Odum and Odum, 
1959) has been refined by a classification of primate species into "dietary 
grades" (Hladik, 1975; Hladik and Chivers, 1978) which are sorts of in
termediate levels in this pyramid, and correspond to particular dietary 
types. These grades are: animalivore (grade 1) presenting a gradual 
frugivorous tendency towards an intermediate type (grade 2) in which pro
tein balance is obtained from a mixture of animal prey and plant parts, and 
the folivore/frugivore type (grade 3), exclusively vegetarian. The different 
levels in these three grades can be expressed by the logarithm of the 
biomass (in grams per hectare), from 1.0 (grade 1 with biomass 10), up to 
3.9 (grade 3 with biomass smaller than 10,000). The interdependence be
tween biomasses and dietary types is due to a fairly homogeneous produc
tion of the different food types in the tropical forests throughout the world 
(see A. Hladik, 1978; C. M. Hladik, 1980). 

According to Table III, most nocturnal prosimian species are in grade 2 
(Cheirogaleus medius: 2.8; Microcebus murinus: 2.3; Microcebus co
quereli: 2.0; Phaner furcifer: 2.3). Only Lepilemur ruficaudatus is in grade 
3. Prosimian species must thus depend to a large extent on plant food 
resources (see below, and Fig. 10), but the system of sharing plant produc
tion might be delicate, since the average production (about 3 tons/ha/year 
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in terms of dry litter fall; Chapter 1) is one of the smallest among tropical 
forests. 

Furthermore, the Marosalaza forest not only supports the total biomass 
of 3100 gm per hectare of nocturnal prosimians, but an even larger biomass 
of diurnal lemurs as well. The two diurnal species, Propithecus verreauxi 
and Lemur fulvus, have been briefly observed. Probably due to recent 
hunting pressures these species seem less abundant as compared to the 
more accurate records of Jolly (1966), Richard (1974), and Sussman (1974), 
obtained in southern areas supporting types of deciduous forest com
parable to Marosalaza. Nevertheless, L. rufus and P. verreauxi are sym
patric with Lemur cat ta in these other areas, and we might expect at least a 
few changes in their feeding strategies, due to the absence of a potential 
competitor for food resources in Marosalaza. Tree and liana leaves and 
fruits were used to a large extent, for instance the genera Landolphia (8), 
Cordyla (36), Grewia (168-173) by L. rufus, and Cynanchum (12), Dios
pyros (55-60) by P. verreauxi. 
Cynanchum (12), Diospyros (55-60) by P. verreauxi. 

The total biomass of prosimians utilizing the plant production of the 
Marosalaza forest is thus very high (between 6,000 and 10,000 gm/ha). It 
has indeed the same order of magnitude as in other tropical forests affected 
by important seasonal changes, such as the gallery forest of the south of 
Madagascar (Jolly, 1966; Charles-Dominique and Hladik, 1971), or the 
Wilpattu forest in Sri Lanka (Eisenberg et al., 1972; Hladik and Hladik, 
1972). However, in Marosalaza, production is significantly smaller, and the 
seasonal variations in food production and composition appear more im
portant than in these forests. The diversification of the feeding strategies of 
the different prosimian species seems to be a response to these environmen
tal constraints. 

ADAPTIVE STRATEGIES OF PROSIMIANS 

Hibernation: The Fat-Tailed Dwarf Lemur, 
Cheirogaleus medius 

The most characteristic feature of Cheirogaleus medius is the ability to 
hibernate for at least 6 consecutive months and, in some instances, up to 8 
months of the dry season. During this period, the animals remain totally in
active. They retire inside deep holes of tree trunks where three to five in
dividuals may be piled upon each other, separated by a kind of soft lodge 
made of wet decaying wood. 
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Fig. 4 . A g roup of Cheirogaleus medius dit the beginning of the rainy season, just emerg
ing from the hollow t runk where they have been hibernating (pho to by C. M. Hladik) . 

In the Marosalaza forest, the Fat-Tailed Dwarf Lemurs were first ob
served to emerge from their holes (Fig. 4) and forage at night at the end of 
November, just before the first rain started. Accordingly, as can be seen in 
Fig. 1, the animals are active exclusively during the period of intensive food 
production. Since populations of other nonhibernant prosimian species are 
limited by temporary reduction of food resources, C. medius can be con
sidered as feeding mainly during the temporary period of surplus food. 

Diet 

The diet of C. medius was determined by direct observations at night, 
and from the analysis of fecal material collected when the animals were 
caught for marking. In this analysis, the baits used in the traps (bananas) 
were mixed with the other materials, but the remains of animal matter 
allowed a comparative study of the diets of different prosimian species cap
tured in similar conditions. 

Fruits formed the staple food (together with flowers in the beginning of 
the period of activity). Invertebrates were present in 50% of the feces, but 
in small amounts, the volume of chitin never exceding 10% of the other 
food remains. Coleoptera were the major type of prey (also observed: 
cockroaches, ants, cochineals, Cicada (?), and other undetermined in
vertebrates). The skin of chameleon was also found in one feces sample. 
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The small number of samples (31) did not permit following of the 
seasonal food cycle, but indicated an increase of invertebrate food in 
January, corresponding to the apparent increase of insect populations (see 
above). C. medius has been observed foraging for insects at medium height 
(4-8 m) in the Marosalaza forest. 

The seeds of small fruits were intact in feces, mainly those of Oper-
culicarya gummifera (7) and Grewia glandulosa (168), but the animals were 
also observed to eat pulps of larger fruits such as Strychnos decussata (93) 
and Diospyros aculeata (55), in December. 

Flowers were licked and may form an important food supply. For in
stance, the nectar of the Boy flower, Delonix floribunda (28) (Fig. 2), 
seemed to be the unique food of one individual (Ç8) followed by radio-
tracking during 6 consecutive days in December. The animal moved from a 
nearby tree hole to the large Boy tree covered with flowers, and retired 
after a relatively short period of active feeding. Flowers of Baudouina flug-
geiformis (31), a common small tree, were also frequently visited. 

Some gums may be used (found in fecal samples) as well as many other 
plant or insect exudates (direct observations). When the animals licked 
leaves, it was difficult to identify the type of secretion (homopteran, 
cochineal, or nectar from flowers). Tender parts of plants may also be 
eaten in small amount. 

In general, C. medius appears as an opportunistic frugivore complement
ing its diet with the most abundant and nutritious food types. The seasonal 
variation in diet follows food availability: nectars and fruits in November; 
fruits and an increasing proportion of insects in December/January/ 
February. After this period, the proportion of fruits might be higher 
in the diet at the time of fattening preceding hibernation. 

Variations in Body Weight 

Capture, marking, and recapture of 31 C. medius permitted the record
ing of the overall variations in body weight in Marosalaza forest (Fig. 5). 
During the active period, the animals accumulate large fat reserves under 
the skin and inside the tail (Fig. 6). Adult mean body weight varied from 
142 gm in November to 217 gm in March. The tail volume was measured by 
immersion (after wetting) in a graduated cylinder filled with water. Max
imum adult tail volume (56 cm

3
) was observed in May before hibernation, 

and minimum (9 cm
3
) in November, after hibernation, the monthly means 

being, respectively, 42 cm
3
 (SD = 9) and 15 cm

3
 (SD = 4). 

Similar body weight variations of C. medius have been subsequently re
corded in artificial conditions (Chapter 6), but the period of ''inactivity'' 
was not as marked as in natural conditions (no true hibernation), and the 
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CHEIROGALEUS MEDIUS Q A D U L T Ç Ο SUBADULT <j> Δ A D U L T f j *

 Δ
 S U B A D U L T ( / 

Fig. 5. Seasonal variat ion in body weight of Cheirogaleus medius, in the Marosalaza 
forest, according to da ta of captured and recaptured marked animals . The increase in adult 
body weight from November to March can be seen by the mean and s tandard deviation from 
142 gm (sd = 12) to 217 gm ( s d = 26). Note the impor tant individual scatter in March , due to 
local condit ions a n d / o r individual s ta tus . The young animals (born in 1973/74) have the 
smallest weight. Individual da ta show growth of one subadult male (23), that of one subadult 
female (13), and that of an adult male (17) who lost weight (broken line) and was probably 
unable to survive the next dry season. Except for this last an imal , only subadults were caught 
in May (adults began hibernat ing in March) . 

loss of weight less important. Nevertheless, these detailed records permitted 
the progressive changes in the patterns of food intake to be followed. There 
is a very marked increase of food intake concomitant with a decrease in ac
tivity preceding the period of lethargy. Furthermore the food choices were 
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Fig. 6. Cheirogaleus médius illustrating variat ions in tail volume. (A) The max imum size 
of tail , due to fat accumulat ion (photo by J. J. Pet ter) . (B) The min imum tail vo lume, o b 
served in November , just after h ibernat ion in the Marosalaza forest (photo by A . Schilling). 

oriented toward different food categories according to the period of the ac
tive cycle (Chapter 8). 

These important variations in behavior and/or physiology can be inter
preted according to the variations occurring in the wild, since they follow a 
similar overall pattern. At the beginning of the active period, when the 
food available was mainly carbohydrates (nectars and fruits), the animals 
tended to direct food choices toward this type of food (even when other 
types were available in artificial conditions). Dietary increase in protein 
which was due to insect availability in the Marosalaza forest also occurred 
in artificial standard conditions during the corresponding period of the an
nual cycle. Finally, the period preceding lethargy was marked by a diet rich 
in fruits for the animals in their natural environment, as well as for those 
studied in artificial standard conditions. 

As a matter of fact, it appears that the feeding behavioral tendency of C. 
medius varies throughout the year and seems "preadapted" to the impor
tant changes of the natural environment (see discussion in Chapter 8). 
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Some other important changes in the apparent coefficient of food assimila
tion also precede the period of lethargy (Chapter 9). 

The variations in body weight shown in Fig. 5 are thus related to suc
cessive adaptations in physiology and behavior, the most important being 
the sudden change in food choice, food intake, and overall activity, which 
precedes hibernation. 

Reproduction 

Mating was observed at the beginning of November, as soon as C. 
medius resumed activity after hibernation. Births occurred in January, at 
the time of increasing food availability. 

Young animals have a relatively low body weight in March (Fig. 5) and 
continue to feed until May. At this time all the adults are already hiber
nating and thus do not compete for the remaining available food. The 
period of hibernation is consequently shorter for these young, and their 
loss in weight may be limited. Their lacteal last premolar is still present dur
ing this first hibernation, and is replaced only at the beginning of the next 
period of activity during which they attain the adult body weight. 

Home Range 

Most of the 31 marked C. medius did not move over ranges exceeding 
200 m in diameter (about 4 ha). Larger displacement during the whole 
period of activity are generally by juveniles. Considering the very high 
population density (Table III), the ranges of the different adults must 
necessarily have important overlaps. 

No detailed information concerning territoriality in this species could be 
obtained by direct observation during the wet austral summer. In captivity, 
individuals are generally intolerant to individuals of the same sex. The fecal 
marks which are very abundant, especially before the period of hibernation 
(Chapter 9), are likely to play a role when the animals resume activity. 

Since no important movements were recorded at the beginning of the ac
tive period, except for two adults of small body weight (peripheral males?), 
it may be concluded that most adult C. medius stay in the same area during 
successive years. 

The imperative necessity to find a shelter for hibernating seems as impor
tant as food resources for C. medius. It has been stressed (Chapter 1) that a 
remarkable aspect of the forest of the West Coast of Madagascar is the 
high frequency of hollow trunks in many common species such as the Anat
siko, Securinega seyrigii (79), the Harofy, Commiphora spp. (24/25), and 
the Iron wood, Strychnos decussata (93). This was a necessary condition 
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permitting the emergence of the feeding strategy of C. médius which con
sists of harvesting "surplus" food when available, and withdrawing during 
the period of minimum production. 

Reduction of Activity: The Lesser Mouse 
Lemur, Microcebus murinus 

Microcebus murinus is not a true hibernant, but is comparable to 
Cheirogaleus medius by its period of lethargy (Chapter 6) which also occurs 
during the dry season. At this time, the animals may stay in hollow trunks 
for several consecutive days, and their overall activity is considerably 
reduced. Nevertheless, M. murinus are visible at night in the forest at any 
time of the year. 

Feeding activity of the Lesser Mouse Lemur is thus maintained 
throughout the year, but decreases during the dry austral winter. At this 
time of reduced food availability, only small amounts are actually 
necessary, as was the case for the juvenile C. medius, the active period of 
which is longer than that of adults. The major proportion of annual food 
intake of M. murinus coincides with maximum fruit and insect production 
(austral spring and summer). Accordingly, the basic strategy of this species 
is to rely on this excédent in available food. 

Diet 

The diet of M. murinus appears to be fairly similar to that of C. medius. 
Since the two species mainly feed on the same seasonal stock of "surplus" 
food, a more detailed analysis of food choices and of other behaviors 
related to feeding activity is necessary to explain the persistence of both 
species in this particular food niche. 

Fruits form the staple diet of M. murinus, but are complemented with a 
higher proportion of animal matter than for C. medius. Chitin was present 
in all fecal samples of M. murinus trapped in the Marosalaza forest, and 
again Coleoptera were the most abundant insect food. Feces of at least one 
animal (which had no time to digest the bait used in the trap) were ex
clusively composed of chitin. Direct observations provided evidence of ac
tive predatory behavior directed toward rapid prey such as moths, crickets, 
and cockroaches. We also observed a chameleon devoured in small pieces 
during a period of 20 minutes. It is not surprising to find in the diet of M. 
murinus a relatively larger proportion of insects than in that of the larger 
C. medius, because, on the average, both species collect approximately the 
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same absolute quantity of animal prey (cf. Hladik and Hladik, 1969; 
Charles-Dominique, 1977, for discussion on insect and fruit eater). 

Together with the more rapid movements allowing capture of flying in
sects, the foraging habits of M. murinus (Fig. 7), exclusively observed in 
the dense undergrowth (at 1.5-6 m), tend to reduce interspecific competi
tion between these two Cheirogaleinae, because they prey on partly dif
ferent invertebrate populations. 

Nectars and the exudates of plants and insects were fed upon in an op
portunistic manner. Accordingly, the diet includes certain typical foods of 
Cheirogaleus, Phaner, ana M. coquereli (see below). Green vegetal material 

Fig. 7. Microcebus murinus foraging in the undergrowth of the Marosalaza forest. 
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was also occasionally included in M. murinus diet, as was previously 
observed by Martin (1973) in the south of Madagascar. A differential 
utilization of flower nectar and pollen may be due to plant morphology. 
For example, the Maronono, Evonymus pleurostyloides (43), a small tree, 
bears large bunches of flowers emanating from the trunk near the ground. 
These flowers were visited frequently in December/January during the dif
ferent bouts of foraging activity always occurring at low level. The fruits of 
this tree, available in March, were eaten as well (G. F. Pariente, personal 
communication). 

The seasonal variations in dietary composition of M. murinus appear to 
be roughly similar to those of C. medius, and depend on variations of food 
availability; but the increase of protein intake in spring and summer is 
more important. 

Variations in Body Weight 

The records of body weight of 72 recaptured M. murinus are presented in 
Fig. 8. Annual variations, although smaller than for C. medius, are still 
very important. Fat is accumulated under the skin and in the tail during the 
austral spring and summer. However, the tail fattening of M. murinus is 
never as spectacular as in the peculiar case of Cheirogaleus. Maximum 
variations recorded in the Marosalaza forest were from 2 to 9.5 cm

3
. In 

captive conditions, M. murinus were fatter, and tail volume varied from 5 
to 20 cm

3
. 

As in the preceding case study, the observations of captive animals dur
ing several years allowed a better understanding of the behavioral and 
physiological cycles. The period of increased food intake of M. murinus in 
artificial conditions occurred about 2 months after that of C. medius and 
was also preceded by a reduction of overall activity (Chapter 6). In these 
experimental conditions, fattening was followed by a type of lethargy 
which seems almost identical to that observed in the Marosalaza forest. 
Further observations on food intake (Chapter 8) also showed a variation in 
the propensity for different dietary components, according to the period of 
year. 

In spring and summer, the diet of M. murinus included more protein as 
soon as insects were available in the Marosalaza forest. Similar variation 
in protein content of the overall diet was also observed during artificial 
food choices in standard conditions. The opposite dietary tendency (a diet 
rich in carbohydrates) appeared before the period of lethargy. 

From December to May, the body weight variations resulting from these 
succt&ive changes in feeding behavior of M. murinus (Fig. 8) are more 
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Fig. 8. Body weight of Microcebus murinus in the Marosalaza forest. The seasonal varia
t ion of body weight is smaller than that of Cheirogaleus medius (compare with Fig. 5). In
dividual variation is shown by solid line for one adult male (10) and one adult female (11). 

progressive than for C. medius. The abrupt body weight increase following 
dietary variation, which was observed in autumn in artificial conditions 
only, probably also occurs in the wild and might explain the apparent scat
ter of the data collected in May (austral autumn) in the Marosalaza forest. 

Protein intake from a standard diet was always larger for M. murinus 
(mean: 11.6%) than for C. medius (mean: 9.2%). This reflects the condi
tions in the Marosalaza forest where ecological mechanisms determine the 
possible diet for each species according to body weight and food avail
ability. It also implies physiological and/or behavioral systems which are a 
sort of "preadaptation'' directed towards the adequate food choices. 

In addition to these variations in body weight, food intake, and food 
composition, which also depend on variations of the basal metabolism, 
Perret (1979) recorded a diminution in water intake during a period cor
responding to the dry season. This appears as another kind of variation in 
physiological parameters which can be qualified as preadaptation to the 
environmental changing conditions. 

Population Parameters 

Population density of M. murinus, which approximates four animals per 
hectare (Table III) has the same order of magnitude as in other dry forests 
of the south of Madagascar (Charles-Dominique and Hladik, 1971). Thus, 
due to small body weight, the biomass of M. murinus is smaller than that 
of Cheirogaleus medius. For both species, the carrying capacity of the en-
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vironment i s likel y t o b e determine d b y insec t foo d availability , an d th e 
larger th e insec t componen t i n th e diet , th e smalle r th e biomass . 

According t o ou r dat a o n capture , recapture , an d localize d direc t obser 
vation o f marke d animals , w e onl y ca n sugges t tha t th e hom e rang e doe s 
not excèd e 15 0 m  i n diamete r (abou t 2  ha ) i n th e Marosalaz a forest . I n th e 
more humi d fores t o f th e southeas t o f Madagasca r wher e Marti n (1973 ) 
carried ou t simila r observations , th e hom e rang e o f M.  murinus  appeare d 
to b e smaller , possibl y du e t o mor e importan t foo d availability . I n thes e 
conditions, socia l structur e involve d "populatio n nuclei " base d o n 
females, an d th e presenc e o f "centra l males " wit h a  relativel y hig h bod y 
weight i n spit e o f annua l variation , an d "periphera l males " o f relativel y 
lower bod y weight . A  simila r organizatio n i s expecte d t o b e foun d i n 
Marosalaza. 

Utilization o f Insec t Secretion : 
The Coquerel' s Mous e Lemur , 
Microcebus coqueteli 

In contras t t o preceden t specie s o f Cheirogaleinae , Microcebus  coquereli 
shows littl e annua l variatio n i n foo d intak e an d bod y weigh t (bod y weigh t 
range: 280-33 5 g m i n capture d animals) . Populatio n densit y an d biomas s 
are consequentl y lo w a s compare d t o thos e o f othe r specie s (Tabl e III) , 
because th e carryin g capacit y o f th e environmen t i s determine d b y 
minimum foo d availabilit y durin g th e dr y season . Th e specie s i s adapte d i n 
an unusua l manne r t o a  peculia r foo d whic h remain s availabl e throughou t 
the dr y season : insec t secretion . Thi s wa s firs t describe d b y Pette r et  al. 
(1971). A  mor e detaile d stud y o f th e populatio n o f M.  coquereli  o f th e 
Marosalaza fores t i s presente d b y Page s (Chapte r 4) . A  fe w complementar y 
points wil l b e presente d i n orde r t o stres s th e difference s wit h sympatri c 
prosimians i n term s o f feedin g strategy . 

Diet 

According t o th e frequenc y o f chiti n i n feca l samples , M.  coquereli 
seems t o b e a s insectivorou s a s M.  murinus,  an d als o eat s larg e amount s o f 
fruits (onl y on e sampl e ou t o f seve n containe d fruit s onl y an d n o chitin) . 
However, th e liqui d par t o f th e die t canno t b e measure d o r eve n detecte d i n 
fecal samples . Onl y direc t observatio n permitte d a n estimat e o f th e impor 
tance o f thi s foo d i n term s o f feedin g frequenc y o r time-budget . Fo r in -
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stance, during the dry season M. coquereli was most frequently seen licking 
the secretion of the colonial aggregates of Flatida coccinea (up to 50% of 
the feeding observations of Pages, Chapter 4, and 60% of the feeding 
time). As a matter of fact, even in austral spring and summer, the Co-
querel's Mouse Lemur ate many kinds of insect secretions (from cochineals 
and homopterans) as well as plant exudates, including gum of Terminalia 
spp. (48/49). For example the Fangoky, Delonix boiviniana (37), was fre
quented when flowering, the animals licking flowers (nectar) as well as 
leaves (cochineal exudate?). 

Animal foods are of paramount importance because plant exudates and 
insect secretions have an extremely low protein content (Table I). The data 
of Pages (Chapter 4, Table I) also suggest that invertebrate food availabil
ity determines the distribution of M. coquereli in the study area. Vertebrate 
prey are also frequent, as shown by the skins of chameleons found in two 
out of seven feces samples. In captivity, M. coquereli eat young mice and 
any kind of mince meat. In fact, an unfortunate involuntary experiment at 
the Brunoy animal house showed that M. murinus can be preyed upon by 
M. coquereli if they are introduced into the same cage. In natural condi
tions, M. coquereli forages at relatively low levels (about 5 m in height), 
but it is likely that M. murinus, thanks to its small size and vivacity, can 
escape in the dense undergrowth or in small tree holes. As in most cases, 
prédation might only concern a marginal part of the population (very 
young, or old animals). 

Seasonal Cycles 

As with other prosimian species, there are seasonal changes in the diet of 
Microcebus coquereli depending on food availability. The honey dew of 
Flatida coccinea, which is intensively consumed during the dry season, is 
exclusively secreted by larvae. In December/January, these Homoptera 
reach their imaginai stage (Fig. 3) and are no longer visited. At this time, 
the types of food also utilized by other prosimians (fruits and insects) are 
eaten. Accordingly, the diet of M. coquereli is subject to partly similar 
variations. 

The variations recorded during the study of food intake in artificial con
ditions (Chapter 8), although of lesser importance than for other species, 
followed a significant pattern which evokes field conditions: a relative 
decrease of protein-rich foods in autumn and winter resulting from a diet 
mainly based on soluble carbohydrates, and the progressive increase of 
more nutritious foods (protein and fat) in spring. As for other species, this 
seasonal variation of the "dietary tendency," which was maintained even 
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in standard and homogeneous conditions, appears as an adaptation to the 
extremely important variations in composition of the food available in the 
forest of the West Coast of Madagascar. 

Utilization of Gums: The Fork-Marked Lemur, 
Phaner fiurcifer 

Phaner furcifer has approximately the same body size as Microcebus co
quereli, and is also able to face the dry season without apparent variation in 
body weight and no evident change of the activity pattern and/or basal 
metabolism. Nevertheless, there is no significant competition during the 
dry season for the staple food of each species since P. furcifer is highly 
specialized on gum and other tree exudates, as was shown by Petter et al. 
(1971), and more recently observed in the Marosalaza forest by Charles-
Dominique and Petter (Chapter 3). Different plant exudates and insect 
secretions can actually be eaten by both P. furcifer and M. coquereli, but 
behavioral and/or physiological specialization result in a definite in
terspecific difference in dietary preference. 

As in the preceding case, the staple food which is relatively poor in pro
tein, has to be complemented with animal food (mainly insects). Every 
night, P. furcifer forages for insects during long periods but always subse
quent to an initial period of gum feeding (Chapter 3). The selection of prey 
is different than that of Microcebus coquereli; in particular, no vertebrates 
are eaten. Foraging also occurs at a higher level (8-10 m, and often in the 
tree tops). Interspecific competition is thus reduced, but, as for M. co
quereli, the carrying capacity of the environment is probably determined by 
insect food availability. The relatively important biomass of P. furcifer in 
the Marosalaza forest (about twice as large as that of M. coquereli; Table 
III), may result from the relative protein richness of the gum of Terminalia 
mantaliopsis (48) as compared to insect exudate (Table I). This gum 
necessitates a smaller proportion of insects (about 10%) in the diet of P. 
furcifer. 

In captivity (see Chapter 8), the artificial diet was probably too different 
from that in nature to allow a normal physiological cycle. No obvious 
seasonal pattern was observed. 

Phaner furcifer has no imperative necessity to find hollow trunks for 
protection during the dry season (as for Cheirogaleus medius, see above). 
Nevertheless, the number of adequate hollow trunks to use as day nests 
may be limited, due to occupation by a large number of Lepilemur 
ruficaudatus. As a matter of fact, P. furcifer was so frequently found in 
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the abandoned nests constructed by M. coquereli during the first survey of 
Petter et al. (1971) that it was not possible to distinguish which species was 
responsible for nest construction. 

Folivory: The Sportive Lemur, 
Lepilemur ruficaudatus 

The very high biomass of Lepilemur ruficaudatus (body weight about 
900 gm, Fig. 9) in the Marosalaza forest (Table III) is obviously related to 
the ability of the animal to utilize the most ubiquitous food resource: 
leaves. 

In the fecal samples collected during the austral summer, leaf fiber was 
mixed with the seeds of fruits, especially those of Diospyros spp. (55/56), 
but leaves always constituted the staple food. During the austral winter, the 
limited number of evergreen species, and the frequency and high amounts 
of alkaloids present (see Chapter 1) may reduce the possible food choices of 
Lepilemur ruficaudatus. In practice, leaves and/or flowers of one or two 
species may be sufficient to supply the Sportive Lemur population during 

Fig. 9. Lepilemur ruficaudatus in the Marosalaza forest (photo by C. M. Hladik 1201 P ) . 
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several dry months, as was demonstrated for L. leucopus (Charles-
Dominique and Hladik, 1971). 

In all species of Lepilemur thus far studied, caecotrophy is observed 
(Hladik and Charles-Dominique, 1974; C. M. Hladik, 1978a), which allows 
sufficient efficiency in digestion of long-chain β-linked carbohydrates. 
Lepilemur ruficaudatus was also observed in the animal house of Brunoy 
reingesting "feces" at various intervals, during the quiet period of artificial 
daylight. 

The survey of food intake in artificial conditions (Chapter 8) showed a 
definite seasonality. As in the case of the other nocturnal prosimians sub
ject to important seasonal changes, there was an increase of the proportion 
of fruit included in the diet during spring and summer. Although the an
nual variation of body weight and activity is not very marked (Chapter 6), 
L. ruficaudatus appears to be "preadapted" through a seasonal shift in 
feeding behavior, to include a larger proportion of fruits in its diet at the 
time of maximum availability. 

The reproductive cycle (Chapter 6), which differs from that of the sym-
patric species, also permits an adequate utilization of food availability: 
females lactate at the time of leaf growth (young leaves have maximum 
protein content), and the young are weaned when a large surplus of food is 
available to all species. 

DISCUSSION 

The feeding strategies of the five nocturnal prosimian species inhabiting 
the dry deciduous forest of Marosalaza, near Morondava, can be il
lustrated by the average annual food intake or "dietogram." In Fig. 10, the 
dietograms proposed for the Malagasy species are only approximations, 
since the present study did not allow exhaustive measures of food intake. 
These estimates are compared to the results of Charles-Dominique (1977) 
concerning the diets of five other nocturnal prosimians (Perodicticus potto, 
Euoticus elegantulus, Galago alleni, Galago demidovii, and Arctocebus 
calabarensis) inhabiting the Gabon rain forest, where collection of stomach 
samples allowed more accurate measures of the quantity of the different 
food categories actually consumed. 

Diets of the different species are related to the logarithm of the biomass 
(resulting in the definition of dietary grades, see above), because the carry
ing capacity of the environment depends on the overall production of 
leaves, fruits, and insects. Even in the two contrasting biotopes compared 
in Fig. 10, species of similar diet have a biomass of similar order of 
magnitude; for example, Euoticus elegantulus and Phaner furcifer both 
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specialized on gum supplemented with invertebrate food (Chapter 3). 
Minor differences may result from the larger number of sympatric species 
inhabiting the rain forest, each of which has a more specialized diet and 
thus a more restricted quantity of potential food resources (Hladik and 
Chi vers, 1978). 

A characteristic pattern of food choices allows each species to be main
tained in this complex and dynamic pyramid of producers and consumers. 
The mechanism allowing a certain flexibility together with a constant 
overall feeding tendency may involve different intensities in the respective 
effects of immediate hedonistic conditioning by taste stimulation, and 
long-term conditioning from food digestion and absorption ( C M . Hladik, 
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1978b). For instance, Lepilemur ruficaudatus is certainly mostly motivated 
by long-term conditioning after digestion of leaf material, whereas for 
Microcebus spp. the motivation to search actively for more nutritious fruits 
and insects may be related to a higher degree of taste stimulation and subse
quent conditioning. In fact, this very crude analysis of feeding behavior 
does not seem sufficient to explain subtle differences nor constant overall 
tendencies in species such as Phaner furcifer and Microcebus coquereli 
which feed on many similar foods, but have nevertheless definite species 
preferences. 

Seasonal Variations of the Dietary Tendencies 

The dietary tendencies manifested by the different prosimian species pre
sent annual variations which have been qualified as preadaptations 
because, even in artifical conditions, the patterns of food choice vary ac
cording to the expected variations in food availability in the natural en
vironment (Chapter 8). Such regular variations in feeding behavior may 
also exist in other species subject to regular and important annual changes 
of the environment. Nevertheless, the very marked variations in food 
availability and food consumption in the forest of the West Coast of 
Madagascar probably exert an intensive selective pressure which explains 
why the characteristic "seasonally variable feeding behavior" is firmly 
established in the five prosimian species thus far studied. However, the 
relative contributions of genetic inheritance and experience in the develop
ment of these patterns cannot yet be ascertained. 

Further behavioral characteristics related to utilization of space and time 
reduce interspecific competition among the nocturnal prosimians of the 
Marosalaza forest by completing the overall differences in feeding 
behavior. 

Utilization of Different Heights for Foraging 

The different patterns of foraging described in this paper are illustrated 
in Fig. 11 by the mean heights and mean diameter of the supports on which 
the prosimians have been observed in the forest. Significant differences 
were determined by the t test applied to all possible pairs of species 
(calculation of t according to the means and standard deviations as in 
Chapter 8). 

The differences in height are not significant for the species which have a 
feeding strategy sufficiently different to avoid competition; for instance, C. 
medius and M. coquereli (p > 0.1) which feed simultaneously only during 
the period of maximum (or surplus) food availability. In contrast, highly 
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significant differences (p<0.001) were found between M. coquereli and 
Phaner furcifer which are likely to compete for invertebrate food during 
the dry season, and between C. medius and M. murinus which have very 
similar food choices and similar yearly cycles. 

The utilization of supports of different diameter merely reflects forest 
structure, with a significant difference (p < 0.01) between M. coquereli and 
P. furcifer which also feed at very different heights. 

Circadian Rhythms Considered in Terms of Food 
Niche Separation 

The definite patterns of overall and feeding activity found by Pages and 
Petter-Rousseaux (Chapter 7) in the five species of nocturnal prosimians, 
also appear to be complementary to other distinctive adaptations reducing 
food competition. 
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The differential distribution of locomotor and feeding activity through
out the night tend to separate C. medius (mainly feeding at the end of the 
night) and the two Microcebus species (maximum activity at the beginning 
of the night, at least during periods of low food availability). By contrast, in 
Phaner furcifer the occurrence of gum feeding at the beginning of the night 
appears to be related mainly to intraspecific competition since individuals 
share (to a certain extent) the same trees producing gums (Chapter 3). 

Although most cases of niche separation due to utilization of food 
resources at different times are best documented for nocturnal versus diur
nal species (Charles-Dominique, 1975), intermediate cases were observed 
between diurnal primate species with different activity rhythms for feeding 
(Hladik and Chivers, 1978). The present study suggests that circadian 
rhythms of nocturnal species may also constitute an important component 
of the feeding strategy. 

Finally, in the nocturnal world where the different prosimians apparently 
have very similar visual efficiencies (Chapter 5), the visual learning 
capacities may be important for developing different feeding strategies, 
since interspecies differences exist in the utilization of the "integrated" 
visual information, reflected by variations in transfer of learning, memory, 
and forgetting (Chapter 10). Thus sensory processes involved in the search 
for food sources must be considered as part of the overall species strategy. 
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3 Ecology and Social Life 
of Phaner furcifer 

P. CHARLES-DOMINIQUE a n d J . J . PETTER 

INTRODUCTION 

Phaner furcifer, a medium sized nocturnal prosimian of about 300 gm, is 
characterized by a black dorsal stripe which bifurcates on the crown into 
two stripes continuing to the eyes ( = Fork-marked dwarf Lemur, Fig. 1). 
Originally classified in the subfamily Cheirogaleinae, Phaner furcifer is 
now considered as the only member of a distinct subfamily: Phanerinae 
(Petter et al., 1977). The population inhabits different types of forests on 
the Northeast, North, and West Coasts of Madagascar (Petter et al., 1977). 
In the West Coast Phaner furcifer is present in the deciduous forest as well 
as in the transitional zone between coastal lagoons and forest (see Chap
ter 1). 

The present study was undertaken in the Marosalaza forest in the private 
reserve of Mr. Dehaulme at Beroboka (Analabe), 50 km north of Moron
dava. A field study on the ecology of Phaner furcifer and Microcebus co
quereli was conducted 3 years previously in the same area, between 
November and December, 1970 (Petter et al., 1971). 

The present work is based on several stays at Beroboka by the authors 
(J.J. Petter: October 15-November 10, 1973 and January-February, 1974; 
P. Charles-Dominique: November 2-December 2, 1973 and May 1-June 
15, 1974). In addition, supplementary observations in Beroboka by our col
leagues C M . Hladik, G.F. Pariente, E. Pages, and R. Albignac on diet 
and vocal behavior complete our data, thus covering practically the com
plete annual cycle from October 1973 to August 1974. 

75 



Fig. 1. Phaner furcifer feeding at night on gum of a Talinala tree, Terminalia mantaliop-
sis (No . 48 in Appendix I, Chapter 1) (photo by C M . Hladik) . 
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METHODS 

The study area, described by A. Hladik (Chapter 1), was divided by 8080 
m of narrow trails, cut in a rectilinear pattern, with intersections every 40 
or 80 m. Plastic markers were placed on the trails at intervals of 20 m and a 
map of the area was drawn with localization of trails and of important 
trees. The study area of Phaner furcifer was about 500 χ 500 m. 

The first observations were made by following the animals at night with 
the aid of a head lamp. This method permits observations on the diet, 
locomotion, vocal behavior, and activity, but individual identification is 
generally difficult. In May-June, 1974, we began a technique of capture 
and marking individual animals: several nooses attached to a string were 
placed on the branches of Terminalia spp. trees, near the places of gum 
production. Phaner furcifer regularly visits these trees, principally at the 
beginning of the night; the captures were made by pulling the string when 
an animal passed through the noose. Different trees were equipped to per
mit a survey of all the individuals present in the study area. Immediately 
after capture the general morphology of the animal was examined (weight, 
teeth, genital organs, mammary glands, and scars), feces were collected for 
further examination, ears were marked by notches, and the tail by shaving 
the fur according to various patterns. Nine individuals were marked, and 
five others could be identified by scars. 

Like many other Malagasy prosimians, P. furcifer is not shy and in the 
western dry forest visibility conditions are quite good. In addition, all 
movements of P. furcifer are accompanied by a weak vocalization 
("Hon") which permitted, with some practice, an identified individual to 
be followed during long periods and the itineraries to be plotted on a map. 

DIET 

Phaner furcifer is a typical gum eater, and, in the Marosalaza forest ac
tivity is devoted to visits of Terminalia spp. trees (Talinala in Malagasy 
language pronounced Taly; cf. No. 47 and 48 in Appendix I, Chapter 1). 
These small trees of the Combretaceae family are generally parasitized by a 
Coleopteran larvae living between the wood and the bark. The worms bur
row galleries beginning in a rectilinear pattern (15-20 cm) and finishing in a 
spiral of about 3 cm in diameter. The galleries are visible on the bark as two 
parallel dotted lines spaced 2 mm apart, each dotted line being composed 
of tiny orifices exuding the gum which accumulates in amber-colored 
drops. Some Terminalia trees also show large sores which produce gums. 



78 P. Charles-Dominique and J . J . Petter 

In the fall (March-May), gums provide the bulk of the vegetal food intake 
of Phaner furcifer (202 observations) and it is noteworthy that a bird, Co ua 
cristata, exploits this same resource during the daytime period (Charles-
Dominique, 1976; Fig. 2). Certain other trees are also exploited for gums: 
Commiphora sp. (Burseraceae No. 25 = Harofymena, four observations), 
Colvillea racemosa (Caesalpiniaceae No. 35 = Sarongaza, four observa
tions); for bud exudation: Zanthoxylum tsihanimposa (Rutaceae No. 154, 
Monongo, one observation); or for the sap: Adansonia spp. (Bombacaceae 
No. 20-21 = Reniala, 23 observations). In November, 1970 (austral 
spring), in addition to Terminalia spp. gum which provided the bulk of 
diet, Phaner furcifer was observed by Petter et ai (1971) licking flowers of 
Crateva greveana (Capparidaceae = Tambitsiky) and "syrup" produced 
by an insect larvae of the Machaerotidae family (Homoptera, 
Auchenorhynche). These larvae live in small lodges grouped on thin bran
ches of Rhopalocarpus lucidus trees (Rhopalocarpaceae = Talafoty). 
Phaner furcifer licked the syrup exuding from the lodges without ingesting 
the insects. In the 1973-1974 study area, 3 km farther to the east, Tambit
siky and Talafoty trees were not present. 

Considering the various types of forest inhabited by Phaner furcifer (i.e., 
dry forest on the West Coast, rain forest on the East Coast), this species 
necessarily feeds upon different tree species, according to the location. 
However, it is likely that gums and vegetal exudations compose the main 
part of the diet. Compared to other prosimians of the same size, P. furcifer 
has a long "tooth comb" (Petter et al., 1971); this peculiarity discussed by 
Martin (1972b) and Charles-Dominique (1977a) is an adaptation for gum 
collection, and is also present in Galago (Euoticus) elegantulus, a highly 
specialized gum eater among African Lorisidae. 

Gums are usually eaten when they seep directly on the bark or exude 
from crevices (Fig. 1), but often insect galleries are actively opened. In the 
latter cases, Phaner furcifer uses its long tongue and also the narrow and 
procumbant tooth comb to scoop the gum which would otherwise be inac
cessible without such a " tool ." Phaner furcifer is also characterized by the 
development of the upper first premolar (caniniform). This peculiarity, 
seen only in Allocebus trichotis, among Malagasy lemurs and Galago 
(Euoticus) elegantulus, among African lorisids, appears to be an adapta
tion for the extraction of vegetal exudations. In addition to this specialized 
dentition, P. furcifer has long sharpened nails which permit access to 
smooth trunks and large branches where gums are located. 

At the beginning of the twilight, about 15-20 minutes before complete 
darkness, Phaner furcifer leaves the den, emits numerous calls and then 
visits Terminalia spp. trees producing gums. In the 25-ha study area, only 
43 of the 69 Taly trees present actually produced gums. Thus, for the 14 
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Fig. 2. Frequency of visits to gum-producing Terminalia t rees, during the day by a bird, 
Coua cristata (shaded) and dur ing the night by the prosimian Phaner furcifer (darkened) . 

animals inhabiting this area there is an average of 3 gum-producing Talys 
per individual. However due to the overlapping of male and female ter
ritories (Fig. 5 and 6) each individual has access to 9 gum-producing Talys 
shared between males and females. The quantity of gum produced by each 
Taly is very variable. Phaner furcifer seem to know perfectly well the 
localization of gum-producing trees and the better points of exudation and 
gum accumulation, as evidenced by the fact that they rapidly visit these 
trees in priority following regular itineraries. Later, they return to these 
trees to collect some drops of gum left after the first visit and also exploit 
other tree species producing gums or vegetal exudates. The learning and 
memorization of the complex itineraries appear to depend on vision, and 
corresponds to the type of visual learning capacity demonstrated by this 
species (Chapter 10). 

Several other primate species have also been observed to eat, occasion
ally or regularly, gums of only a limited number of tree species among a 
large diversity of vegetal exudates (gums, resins, and sap): Mimosaceae 
gums Galago senegalensis (Sauer and Sauer, 1963); Galago (Euoticus) 
elegantulus and Perodicticus potto (Charles-Dominique, 1971, 1977a); 
Galago crassicaudatus (Bearder and Doyle, 1974); Papio papio (Hausfater 
and Bearce, 1977); Anacardiaceae, Combretaceae and Palmaceae gums 
Callithrix jachus (Coimbra-Filho, 1972); Cebuella pygmaea, (Moynihan, 
1976). 

Preliminary analysis of some gums eaten by primates indicates that gum 
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chemistry is very complex. These hydrosoluble substances are mainly com
posed of highly polymerized C6 and C5 sugars: galactose, rhamnose, 
arabinose (work in progress, and Coimbra-Filho, 1972), and should not be 
confused with the nonhydrosoluble resins composed of terpenes. Gums are 
extremely poor in nitrogen, and Phaner furcifer, as well as other gums 
eaters, normally cover their protein requirement with animal prey. 
However, contrary to Microcebus coquereli, P. furcifer seems very selec
tive in prey choice: two captive animals would not pay attention to large 
Coleopteran larvae, grasshoppers, small reptiles (Geconidae and Camel-
eonidae). Nevertheless, they immediately ate a large Sphingid moth and a 
praying mantis. According to the fact that this species begins its nocturnal 
activity by visiting gum trees, hunting behavior is often unnoticed. It is 
generally after 22.00 hours that P. furcifer can be observed hunting prey in 
the foliage or directly on tree trunks. Capture is achieved by a rapid move
ment of the hands, identical to the typical Cheirogaleinae and Galaginae 
pattern, after which the prey is transferred to the mouth. All P. furcifer 
feces collected in the wild contained fragments of insect chitin. 

POPULATION PARAMETERS 

Classical techniques of density evaluation (Charles-Dominique, 1971, 
1977a) are different to apply to Phaner furcifer. The animals are very ac
tive during the night and often, excited by the light beam, come toward the 
observer and alarm call vigorously. Calculation of population density by 
counting all individuals located along a forest trail explored with a head 
lamp is thus biased by this behavior and may lead to an overevaluation. 
Sometimes P. furcifer seems to be more abundant in small areas where 
numerous gum trees are found, and observations made in 1970 (Petter et 
al., 1971) were probably in such conditions. In this case, the population 
densities were calculated after extrapolation of data obtained in areas too 
small in size (1 ha and 2 ha) and thus cannot be considered as representative 
of a mean population density. Our study area of 25 ha contained 14 P. fur
cifer of which all were individually identified. Extrapolation gives a value 
of about 50-60 animals/ km

2
, a population density higher than that of the 

African lorisids gum eater Galago (Euoticus) elegantulus (15-20/km
2
, 

Charles-Dominique, 1977a). 
Phaner furcifer seems to have a typical breeding season, identical to 

those of other Malagasy prosimians which breed during austral spring 
(Petter-Rousseaux, 1962, 1968, 1974). In October-November, 1973, no 
young were observed; in May, 1974, four of the five adult females observed 
in the study area were accompanied by one juvenile of about 5 months of 
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age. Later, in July 1974, a juvenile of about 2 months was caught in an ad
jacent area (probably a late birth as often occurs in other Malagasy prosi
mians). 

Little information is available concerning prédation. However, one of 
the authors (J.J. Petter) has observed a bird of prey (Aviceda madagascar-
iensis) catching a P. furcifer at the beginning of twilight. After a short fight 
in the air, the P. furcifer succeeded in escaping and fell from a height of 
about 20 m into the vegetation. He was probably wounded and remained 
for some time on a branch, licking his flank. A diseased or young animal 
would probably have been killed in such conditions. It is interesting 
because two nights previously this individual was noticed to have begun ac
tivity rather early in the evening. This example of prédation indicates a 
selective aspect of the environment limiting the animal to nocturnal activ
ity. During nocturnal activity, the large owl Asio madagascariensis could 
be a potential predator, as well as the Boidea snake Sanzinia madagascar
iensis. 

Phaner furcifer is a typical nocturnal prosimian in which the activity 
rhythm depends upon variations in luminosity (Pariente, 1974, and 
Chapter 5). When the luminosity falls below 8 lux (about 15-20 minutes 
before full night-time), the animals leave their tree holes. After an initial 
peak of activity, at the beginning of the night, activity continues at a con
stant level until early dawn when they return to their den. During the 
daytime period, P. furcifer sleeps in tree holes generally situated in large 
trees (Harofy, Baobab) or sometimes an abandoned nest of Microcebus co
quereli is used (Petter et al., 1971). In the breeding colony at Brunoy, P. 
furcifer rarely carry leaf material into their boxes as do many other prosi
mian species {Microcebus, Galago). 

SOCIAL LIFE 

Social Communication 

Vocal Signals 

Vocalizations are predominant in Phaner social communications: a mean 
of 30 loud calls or series of loud calls/hour has been counted in a radius of 
about 200 m in the Marosalaza forest. 

"Hon" call: The male and the female of a pair are in constant vocal 
contact, often the male following the female. All movements are accom
panied by a weak " H o n " (Fig. 3A) similar to the contact call of numerous 
gregarious animals (i.e., Lemur sp., Simian species). Movements are 
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Fig. 3 . Vocalizations of Phaner furcifer as shown on sonograms in KHz (vertical axis) ac
cording to t ime (horizontal axis in 1/10 of second). (A) The weak vocalization " H o n " accom
panying movements . (B) The " Κ ι " call is shown as the more frequently repeated signal 
superimposed with a loud wide frequency signal ( " K e a " call) emitted simultaneously by 
another animal . (C) Transi t ional signals between " K i " and " K i u " calls. (D) Series of " K i u " 
calls. (E) " K e a " male loud call emitted twice in succession. (F) Distress calls emitted in a situa
t ion of fear. The cont inuous line in D and F is a complementary measure of energy distribu
t ion. 

automatically accompanied by the weak "Hon , " even if an animal (male 
or female) is separated by 50-60 m from the mate. 

(tKi" and "Kiu" calls: The " H o n " can increase in intensity, evolving 
to a kind of "Ki ," yielding a sonogram composed of a parabola and 
several overtones (energy mainly distributed between 500 and 5000 Hz). 
Rapidly, the "Ki" evolves toward a loud guttural "Kiu" repeated more or 
less rapidly in series of 5-25 units (Fig. 3C and D), sometimes more. At a 
low level of excitation, the "Kiu" is composed of an acute parabola with 
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overtones but at a high level of excitation the structure is more complex. 
When a male or a female emits a series of "Km" calls the partner answers 
systematically with the same calls, even if they are separated by 50-60 m, 
which may be continued for 10 seconds to 1 minute in a duet. Often these 
calls elicit other similar calls and duets in the vicinity. These calls which 
reflect the state of excitation of the emitters probably give information as 
to the identity and position of the partner, as well as the neighbors (Fig. 9 
and 10). The distribution of "Kiu" calls varies during the activity period 
(Fig. 8): a short peak following awakening, a minimum between 19.00 and 
21.00 hours (feeding activity) and an increase in the middle of the night 
(42% between 21.00 and 00.00 hours corresponding to the "meeting" in 
overlapping zones; see below). 

"Kea" or male call: This loud call is exclusively emitted by males, 
generally as a single unit, sometimes repeated two or three times in succes
sion (Fig. 3E). The distribution of males calls during the night follows the 
same pattern as "Kiu" calls, with a higher frequency at awakening (Fig. 8). 
The male call elicits other male calls in the vicinity, as well as "Kiu" series. 
This call can be considered as being derived from "Ki" and "Kiu" calls, 
with a reinforcement of the descending part of the parabola. 

"Bleating" call: A female associated with a juvenile infant emits, from 
time to time, a loud vocalization roughly recalling the bleating of a goat. 

Fighting call: Like other prosimians, Phaner furcifer has a typical 
vocalization associated with fighting and defense. This vocalization is com
posed of a bimodal call corresponding to expiration and inspiration: 
"Hein-ein-Hein-ein-Hein-ein. ' ' 

Distress call: In situations of pain or great fear (handled animal), 
Phaner furcifer can emit a typical distress call (Fig. 3F), a kind of ascend
ing tremolo moan similar, though of lower pitch, to the calls emitted by 
other nocturnal prosimians in such situations (Petter and Charles-
Dominique, 1978). 

Olfactory signals 

Contrary to almost all other nocturnal lemurs (Lorisidae, Cheiro-
galeidae) urine and feces seem to play no role in Phaner furcifer social com
munications: no behavior such as urine washing, rhythmic micturition, 
anogenital dragging or other patterns of marking were observed in associa
tion with urination or defecation (Schilling, 1978). Urine and feces fall 
directly to the ground, and no particular sites of defecation or urination 
have been noticed. 

Phaner furcifer has a large cutaneous throat gland, which is well 
developed in the male and atrophied in the female (Rumpler and Andria-
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Fig. 4. External aspect of the cutaneous gland (arrow) under the neck of a male Phaner 
furcifer (photo by J . J . Pet ter ) . 

miandra, 1971). In the male, this gland located below the chin, forms a 
humid and pink circular area of about 20 mm in diameter (Fig. 4). The 
female has only a whitish longitudinal bare patch of about 8 x 2 mm, 
without any evidence of secretory activity. The throat gland is involved in 
allomarking during bouts of allogrooming. Raising his head, the male rubs 
his throat in a typical movement on the head, shoulders, and back of the 
female (field and captivity observations). The marking of branches is ex
ceptional, and was observed on only one occasion in the field (Petter et al., 
1971), and rarely in captivity. 

Whereas vocalizations were always associated with the numerous bouts 
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of territorial confrontations observed in the field, no marking of branches 
was observed as occurs in Lemur sp. in such situations (E. Pages, personal 
communication). 

Visual Signals 

Visual signals of Phaner furcifer appear to be quite similar to those of 
other nocturnal prosimians, particularly other Cheirogaleidae and 
Lorisidae (Charles-Dominique, 1974a). For example, the position on the 
branch (above, crouched, underneath), and eventually flight towards the 
ground are behaviors associated with dominance relations. The dark fork 
of the face is probably a signal of specific recognition. 

Tactile Signals 

Allogrooming is frequent between males, females, and juveniles. The 
protagonists engage in allogrooming face to face on the branch. They often 
hang upside down by their hindfeet from the branch, a typical position of 
Lorisidae and Cheirogaleidae (Charles-Dominique, 1977a; Pages, Chapter 
4). 

Male-Female Relations 
Of the five adult males followed in their territories, one was a 

"bachelor," three were monogamous, and one bigamous. About 8 months 
after the mating period (June), these males continued to share many social 
relations with females. Equivalent situations are found in other nocturnal 
prosimians such as Microcebus murinus (Martin, 1972a,b; Perret, 1977), 
Microcebus coquereli (Chapter 4), Lepilemur leucopus (Charles-Domin
ique and Hladik, 1971), Perodicticus potto, Galago demidovii, Galago 
alleni (Charles-Dominique, 1972, 1977a,b), Galago senegalensis (Bearder 
and Martin, 1980). Whereas in Cheirogaleinae and Lorisidae, male-female 
relations occur during a short period of the night, more or less based on 
"visits" and olfactory messages (urine), relations are almost permanent in 
Phaner furcifer. The male and female are practically in continuous vocal 
contact throughout the night and are in close proximity for at least half of 
the night. Often, during movements, the male follows the female at a 
distance of 1-10 m. When the female arrives in a gum-producing Taly, the 
male waits 2-5 m behind, approaching to eat only when the female has left 
the tree. If the female continues farther on, the male may remain at a 
distance, but more often, 5-15 minutes later they renew vocal exchanges 
and the male rejoins the female. After being separated, the female was 
observed arriving in a Taly still occupied by the male, who immediately 
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withdrew. The female seems to be * 'dominant' ' in this and most other 
situations. 

Male-female and male-juvenile allogrooming has been observed on 
twelve occasions during the night. The marking of the female by the male 
throat gland may reinforce social ties. Generally the male and the female of 
a pair sleep in the same tree hole. 

Monogamous Pairs (σ 1 - 9 1, a 2 - Ç 2 , o * 4 - Ç 4 ) 

The male usually follows the female or stays behind at a distance of 
10-30 m, regularly exchanging vocalizations. On two occasions we ob
served Ç 1 followed by ο» 1, passing through the bachelor male's (o*5) ter
ritory. At the boundary, o*l halted progression and o»5 approached 9 1. 
They engaged in allogrooming for about 1 minute, then resumed locomo
tion, o*5 following 9 1 at 1-5 m of distance, while o*l remained at the 
boundary emitting numerous contact calls ("Hon . . . Hon . . . Hon"). 
On both occasions, 9 1 returned to o* l's territory (after 30 or 45 minutes) 
and the situation reversed: o* 5 stopping at the border relayed by σ 1. These 
situations are rare and the case of 9 l-o*l-o*5 cannot be interpreted as 
true polyandrism. Generally male-female contacts (allogrooming, vocal ex
changes, sleeping sites) are exchanged between the same individuals (9 1 
and o*l, 9 2 and o*2, 9 4 and σ4) . In 9 2 - a 2 and 9 4- o*4 pairs, the 
male and female territory are perfectly superposed (see below). 

Polygamous Group (o*6 - 9 6 - 9 7) 

The territory of o*6 overlaps most of 9 6 and 9 7 territories. The 
male-female relations are equivalent to those described above but 0 * 6 
sometimes slept with 9 6 and her infant, and at other times with 9 7 and 
her infant. During the night he had simultaneous vocal exchanges with 9 6 
and 9 7 . He followed one of these two females, changing female from time 
to time during the night. 

"Bachelor" Male (σ5) 

This fully adult male lived alone, but occasionally had contacts with ad
jacent females which were, however, paired with adjacent males (9 1, 9 6 , 
9 7 ) . He participated in vocal exchanges in the southeast "meeting area" 
and had been observed on two occasions courting the juvenile female 9 6 ' 
(5-month-old infant of 9 6 ) : o*5 followed Q 6' seeking contact, stopping 
his progression and crouching on the branches when 9 6 ' turned back to 
groom him. On other occasion σ 5 was observed with 9 6 , 9 7 and their in
fants in intense bouts of allogrooming. 

After the experimental suppression of α 4 and the extension of α 5 ter
ritory into the previous o*4 territory (see below), o*5 engaged in courtship 



3 . Ecology and Social Life of Phaner furcifer 87 

behavior with Ç4: pursuit of the female, seeking of contacts, anogenital 
flairing and crouching on the branches when the female turns back (typical 
nocturnal prosimian courtship behavior; Charles-Dominique, 1977a). 

Territories and Territoriality 

Mapping of all recorded itineraries yielded a network of lines of varying 
density: high density at the proximity of gum-producing trees and in 
overlapping areas ("meeting zones"), and low density in the other areas. 
Male and female territories are drawn separately since representation of the 
itineraries of all individuals would be unreadable. Each territory is shown 
by a line which encompasses the recorded itineraries (Figs. 5 and 6). 

The mean surface area of territories is about 4 ha (4 ha for females and 

Fig. 5 . Distr ibution of territories of male Phaner furcifer in the study area . Letters and 
numbers show localization of trails (see Chapter 1, Fig. 5 for detailed m a p of the study area) . 
Gum-producing Terminalia trees are indicated by stars. Meeting areas are shaded. 
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Fig. 6. Distribution of territories of female Phaner furcifer in the study area (localization as 
in Fig. 5). Juveniles occupy the same terri tory as the mother . Terminalia trees are indicated by 
stars . Meeting areas are shaded. 

3.8 ha for males). In fact, the size of the territories appears to depend to a 
large extent on the distribution of Taly trees. 

Male territories are generally adjacent to the territories of other males ex
cept in a limited overlapping zone (Fig. 5). A similar situation exists for 
females. The individual territory of a male-female pair are superposed. In 
the case of the paired females ( Ç 1 Ç 6 9 7) close to the bachelor male, ter
ritories overlap that of o*5 (Fig. 7), but the boundaries of consort males 
territories are adjacent to that of o*5. 

Overlapping Zones or "Meeting Areas" 

In all Cheirogaleinae and Lorisidae species studied, territorial exchanges 
are exhibited in overlapping zones regularly visited and marked by the dif-
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Fig. 7. Pa t te rn of overlapping of three females ' territories and that of one adult bachelor 
male (see Figs. 4 and 5). The limits of the females ' territories are jux taposed , but overlap with 
that of the male (shaded). 

ferent protagonists whose visits rarely coincide temporally. By means of 
such reciprocal marking (usually urine) each individual can recognize the 
immediate neighbors, confirm their presence, and also inform them of its 
presence ( = differed territorial communication, for example Perodicticus 
potto, Galago alleni, Charles-Dominique, 1974b, 1976, 1977a,b; Microce
bus coquereli, Chapter 4). In P. furcifer the territorial organization is 
equivalent (overlapping zones) but scent marking is absent and vocaliza
tions are predominant in social and territorial relations. During the night 
the different individuals of P. furcifer regularly emit series of "Kiu" calls 
which elicit other "Kiu" calls in the vicinity. An animal approaching an 
overlapping zone often emits numerous calls. Generally several neighbors 
join this animal in the overlapping zone ("meeting area") and, at a few 
meters distance, all emit simultaneously numerous "Kiu" calls, as well as 
male calls, in a concert which may last for about 10-20 minutes. These con
certs generally involve 3-5 individuals, sometimes as many as 9 (3 in-
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dividuals, 3 observations; 4 individuals, 5 observations; 5 individuals, 2 
observations; 6 individuals, 2 observations; 7 individuals, 1 observation; 9 
individuals, 1 observation). Most of these concerts occur after 20.30 hours. 
In Fig. 8 the increase in the frequency of calls between 21.00 and 00.00 
hours corresponds to the maximum of concert calling in the meeting areas. 
In spite of the high intensity of the calls, the animals remain calm and can 
approach one another at a distance as close as 10 cm without fighting. 

Meeting areas occupy V25 of the study area; no Taly tree were noticed in 
these zones. 
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the night . Note a peak at the beginning of activity, with a decrease at 19.00 hours , corres
ponding to the period of impor tant feeding activity, and another peak at 21.00-00.00 hours , 
corresponding to numerous encounters in the meeting areas . 
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Experimental Suppression of a Paired Male (o*4) 

The following experiment in June 1974, which consisted of the ex
perimental suppression of one male, illustrates some of the mechanisms in
volved in maintaining social relations in Phaner furcifer: 

On June 9, o*4, paired with 9 4, was captured at 18.34 hours and 
caged in the center of his territory (Fig. 9). At 20.15 hours, his neighbor, 
bachelor o*5 entered his territory emitting numerous male calls, and "Kiu" 
calls. The itinerary of α 5 was marked by a series of swings to and from the 
previous boundary; o*5 emitted numerous calls to which the neighbors 
answered, particularly o»4 in the cage. Observations ended at 01.26 hours. 

On June 10, o*5 who slept in his previous territory, entered o*4's ter
ritory at twilight. At 19.00 hours α 4 was placed at a distance of 4 km so 
that his call would not influence o*5's behavior. o*5 continued his incur
sions and vocalizations as on the previous day. Observations ended at 00.00 
hours. 

On June 11, o»5 slept in o*4's previous territory (Fig. 10). Immediately 
after awakening, o*5 went towards crVs boundary emitting numerous 
male calls, σ ΐ entered o*4's previous territory (18:08 hours; o*5 and o*l 
fought and fell to the ground, then ο* 5 pursued α 1 who returned into his 

Fig. 9. Movements of α 5 (bachelor) after capture of neighboring σ·4 in his terr i tory. o*4 
caged in his terri tory exchanged numerous vocalizations with σ 5 who made incursions (heavy 
line) into the border of o*4's terr i tory. Calls and t ime of emittance are indicated by the 
" w a v e " symbol . 

Ν 
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Fig. 10. Movements of ο· 5 after o*4 was removed to a distance of 4 km. In this situation o* 5 
penetrates within the entire terri tory of or 4, and rejects at the border the neighboring males 
which also try t o penetrate the terr i tory. Symbols as in Fig. 9. 

own territory (18:09 hours). 9 1 came toward o*5 (18:14), they groomed 
each other for 6 minutes, then 9 1 returned toward o*l. o*5 went to the 
south meeting area where numerous Phaner were present and emitted many 
more vocalizations than usual. Until 00.00 hours (end of observations) o*5 
passed successively from the north meeting area to the south meeting area 
emitting numerous male calls and "Kiu" calls. The two Taly trees where 
o*5 habitually fed were fitted with electrical switches connected to a 
graphic recorder: only one visit occurred at 05.10 hours, just before 
sunrise, in comparison to 4-5 visits during the previous week. 

On June 12, o*5 occupied his previous territory plus o*4's territory. 
The calmness had returned to the study area. cr5 was observed courting 
9 4 (the previous o*4's female). 

This experiment shows how vocalizations can inform the neighbors of 
the presence of an occupant of a given territory. However, vocalizations 
alone are not sufficient to maintain territorial stability since small incur
sions of o*5 occurred when c4 was caged in the center of his territory and 
emitted calls. It appears that vocalizations throughout the territory, plus 
encounters and vocalizations in the meeting areas, are both necessary for 
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the maintenance of territorial stability. A similar type of experiment con
ducted in a natural population of Lepilemur leucopus (Charles-Dominique 
and Hladik, 1971) yielded very comparable results. In both cases the actual 
presence and vocalizations of the normally established animal were 
necessary to maintain the integrity of the territorial boundaries, even on a 
short-term basis. 

DISCUSSION 

If many Strepsirhines have been observed occasionally to ingest some 
quantity of gums, Phaner furcifer is particularly specialized for this type of 
diet. This situation is similar to that of the African needle clawed bush-
baby, Galago (Euoticus) elegantulus, and the two species share many other 
features: a long and narrow tooth comb, long extensible tongue, well-
developed upper first premolar, large cecum, sharpened nails facilitating 
climbing on large branches and trunks, fixed itineraries associated with ex
ploitation of gum trees, similar size, dark dorsal stripe and certain similar 
vocalizations. Except for the last two characters, all are related to the ex
ploitation of gum resources. However, there are significant differences in 
the social organization of these two species. Whereas the social organiza
tion of G. elegantulus is of the Galagidae and Cheirogaleinae type (social 
communications based upon urine marking and vocalizations, solitary ac
tivity during the night, and matriarchies, Charles-Dominique, 1977a), P. 
furcifer represents a particular case of "pregregarious" social organization 
(absence of deferred urine marking, predominance of vocal exchanges, and 
relative synchronization of pair movements during the night). These 
divergences illustrate that social organization is not exclusively the result of 
ecological pressures (Crook, 1970) but, as suggested by Eisenberg et al. 
(1972) and Charles-Dominique (1978), may also be the consequence of a 
combination of phylogenetic characters and ecological adaptations. Thus, 
different social solutions can be adopted for similar ecological niches. 

Among primates all diurnal species are gregarious and almost all noctur
nal species are solitary [23 solitary species, and only three gregarious 
species: Aotus trivurgatus (Moynihan, 1976), Lemur mongoz (Tattersal 
and Sussman, 1975; Petter et al., 1977), Hapalemur griseus (Petter et al., 
1977)]. The pregregarious organization as seen in Phaner furcifer 
represents an intermediate stage between these two modes of social 
organization and the emphasis on vocal communications is probably one of 
the conditions associated with the transition to gregariousness. 
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4 Ethoecology of Microcebus coquereli 
during the Dry Season 

E. PAGES 

INTRODUCTION 

The pronounced seasonal cycle of the forest on the West Coast of 
Madagascar, to which the nocturnal prosimian species are subjected, has 
resulted in behavioral and physiological adaptations which are, in certain 
cases, peculiar for primates (see Chapters 2 and 3). The adaptations of the 
different species are most evident during the dry season of austral winter, 
when food resources are greatly reduced. In the case of Microcebus co
quereli, these adaptations are mainly behavioral particularities related to 
social organization and nutritional habits. Although active throughout the 
year, M. coquereli enters into a period of sexual inactivity (as do other 
Malagasy vertebrates; Petter-Rousseaux, 1968, 1974; Chapter 6) during 
austral winter. 

Microcebus coquereli has a geographical distribution restricted to the 
West Coast of Madagascar, except for the extreme south (Petter et al., 
1977). This species has only been the object of one previous field study 
(Petter et al., 1971) and was poorly known even by the local population. 

The present field study was conducted mainly in June and July 1974 dur
ing which observations were made on diet, habitat utilization, activity 
rhythms, and social behavior. Additional data for comparative purposes 
were provided by the other field workers of the "Morondava Programme" 
(P. Charles-Dominique; C. M. Hladik; G. Pariente; J. J. Petter). 

The successful reproduction of M. coquereli in the animal house of 
Brunoy permitted supplementary detailed observations. 

STUDY AREA AND METHODS 

The study area, in the Marosalaza forest (50 km north of Morondava), 
has been described by A. Hladik (Chapter 1). In this forest, precipitation is 
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very frequent during the warm months of December/January/February 
(austral summer) and, accordingly, food resources are abundant (Chapter 
2). In contrast, the period of June/July/August (austral winter) is dry and 
relatively cold, with food resources becoming progressively scarce. 
Microcebus coquereli were mainly observed in the southern part of this 
area (Trails M to W, see Fig. 5, Chapter 1) near the temporary pond, 
where the forest is more dense and animal density high. 

Microcebus coquereli were trapped according to the methods of Charles-
Dominique (Charles-Dominique and Bearder, 1978), using spring-loaded 
cages. In addition, during the daytime, some individuals were captured in 
the nest with a sliding noose attached to a long pole. 

Twenty-one individuals were consistently identified in the study area, 
and six were equipped with radio transmitters allowing rapid location (Zim-
mermann et al., 1976). Transmitter and batteries were embedded in paraf
fin wax protected by a thin seal of acrylic resin, and attached around the 
neck of the animal by a plastic collar in which the antenna was included. 
The animals rapidly became accustomed to this transmitter. Individual 
locations were recorded every 15 minutes and in some cases continually 
(especially during rapid movements). In general, one animal was followed 
at a time, or, in the case of a mother and her young, or of a male and 
female pair in the same zone, both individuals were tracked alternatively on 
short successive periods. Observations lasted at least half the night. 
However the entire night was covered at least once a week, and when a 
newly captured animal was released. 

FEEDING BEHAVIOR 

During the austral summer, M. coquereli feed on a large variety of food 
resources: insects, spiders, frogs, chameleons, fruits, flowers, buds, gums, 
and insect secretions. Secretions of homopteran larva play a major role 
(Petter et al., 1971; Chapter 2) and, in June (beginning of the austral 
winter) accounted for up to 50% of the feeding observations. At the larval 
stage, the colonial insects exude a sweet secretion when disturbed. The 
droplets of exudate fall on the leaves and dry to form a hard white concre
tion. Microcebus coquereli regularly visit several colonies each night and 
lick the liquid secretion directly from the insects, as well as the white 
crystallized "sugar" which is collected by the hand and the tooth comb. 

Prey behavior is well developed, and the adults have often been observed 
to capture large insects, small birds, and mammals, and also to eat eggs. 
During austral winter, M. coquereli often begins feeding activity by first 
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TABLE I 

Comparison of the Densities of Microcebus coquereli, Homopteran Colonies, and Free 
Living Insects

 a 

Area 1 Area 2 Area 3 
(Trail A to M) (Trail M to R) (Trail R to W) 

Number of M. coquereli 
captured in 15,000 m

2 

Number of recent nests of M. 
coquereli counted along 1 km 
of transect 

Number of colonies of homopte ran 
larvae counted along 1 km 
of transect 

Number of Buxus madagascariensis 
with leaves counted in 100 m

2 

along transects 

Dry weight of the free living insects 
gathered from 5 kg of fresh foliage 
of Buxus madagascariensis (gm) 

2 4 9 

2 5 13 

42 11 7 

6 8 12 

0.5 0.5 1 
a
 The density of Microcebus coquereli seems to be correlated with that of free living insects, 

and not with the actual number of homopte ran larvae present in different areas of Marosalaza 
forest. 

visiting homopteran colonies, after which insects may be hunted in the 
dense foliage of some evergreen trees (Fig. 1A) such as Buxus 
madagascariensis (29),* Strychnos decussata (93), Grewia sp. (166/174). 

The animal also occasionally forages at ground level. Gums and other 
exudates may also be collected on Terminalia sp. (48/49) and Adansonia 
sp. (20/22). 

In spite of the fact that feeding behavior is mainly devoted to collection 
of homopteran secretions, the distribution of M. coquereli appears to de
pend on the availability of free living insects, rather than that of 
homopteran larvae colonies, as suggested by a survey of the study area 
(Table I). This is explained by the extremely low protein content (1.4%) of 
the insect secretion which necessitates the protein complement provided by 
insects (Chapter 2). 

* The numbers in parentheses refer to the list of plant species (Chapter 1, Appendix I) . 



Fig. 1. Microcebus coquereli feeding and nest building: (A) One of the animals equipped 
with a radio transmitter foraging at night in a zone of dense foliage of the Marosalaza forest. 
(B) A nest built in the lianas in the Marosalaza forest. The animal (circle) chased during 
dayt ime, stays just above the nest. (C) A nest built in captivity showing interlacing of lianas 
and branches , and the animal at the entrance. (D) The animal carrying a small branch during 
nest building. 
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NEST BUILDING BEHAVIOR 

In nature as well as in captivity, M. coquereli constructs a large spherical 
nest which measures 50 cm in diameter (Fig. IB and C). This nest is made 
of lianas, branches, and leaves which are interlaced, and usually located in 
the fork of a large branch or among dense lianas. Small branches are 
broken by use of the teeth and simultaneously held with the hands. The 
branch held in the mouth is transported to the nest (Fig. ID), and wound 
around the supporting branches toward the interior using the hands. The 
free end is then fixed between the other interlaced branches. Final trimming 
is done with the teeth by cutting lianas emerging from the sphere and in
terlacing the free ends. In captivity, male, female, and young, all par
ticipate in nest construction. 

In nature, each individual may utilize up to 12 nests which are succes
sively occupied, but about half of them seem to be abandoned nests in bad 
repair which may occasionally be used. Some of these nests are also used by 
Phaner furcifer (Petter et al., 1971). The nests are habitually located at a 
height of 2-10 m, often in trees which do not shed their leaves during the 
dry season (e.g., Euphorbiaceae) and are thickly covered with lianas, or oc
casionally may be built much higher in large bare trees. 

NOCTURNAL ACTIVITY AND ORCADIAN RHYTHMS 

During the study period, there was normally little variation in the time of 
exit and return to the nest. The first sign of activity could be detected by 
variations in the radio signal, due to body movements while the animal was 
still in the nest. This generally occurred between 17:15 and 18:15 hours. 
The actual exit from the nest was between 17:45 and 18:45 hours. Upon 
leaving the nest, the animal usually remains in the near proximity, self 
grooms, and begins to move only when the light level is very low (Pariente, 
1974; Chapter 5). 

The return to the nest occurred between 5:40 and 6:05 hours, just before 
dawn. The lunar cycle does not appear to affect activity rhythm. However, 
low temperatures may have an important effect: the exit from the nest oc
curred later on cold nights (latest observed: 22:00 hours), and return to the 
nest was earlier (earliest observed: 22:30 hours). 

Rest periods lasting for one hour and more are frequent, especially dur
ing the first half of the night. These periods of inactivity may be longer 
during cold nights, and in this case the reduction in activity is usually at the 
expense of social activities rather than of feeding and other solitary ac
tivities (see following discussion and Fig. 9). 
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The different types of activity take place within different areas of the 
home range (Fig. 5A and Β ), and at different heights, as illustrated by 
Fig. 2. This vertical distribution of the various activities is roughly cor
related with the architecture of the vegetation including an upper level of 
large and usually bare trees (at the end of winter), a middle level which is 
rather discontinuous, and a lower level composed of bushes and small trees 
in which the foliage remains relatively dense even in austral winter. 

Different patterns of locomotion have been observed: 

1. Slow movements in various directions during feeding activity, 
which permit close examination of dense foliage where insects may be 
found, usually at heights of 1.5 to 3 m. 

2. Rapid locomotion occurs at medium height (2-5 m) and includes 
short leaps and running, mainly in the central area of the home range. In 
one hour, 500 m can be covered, and a total of 1000-1500 m during the en
tire night. 

3. Locomotion along the border of the home range consists of rapid 
movements in a straight line, but with less leaps and usually at a lower 
elevation from the ground than in the preceding case. 

4. Home range surveillance consists of displacement at great heights 
in the center of the home range, in very frequented areas located in the 
sparce foliage of large trees. These movements are frequently interrupted 
by stops. 

Although the movements of an animal vary from one night to the other, 
a characteristic evolution of behavior during the night is evident (and is 
maintained in captivity as well). The night can be divided into two com
plementary phases. During the first half of the night (before about mid
night or 1:00), the major activity is devoted to solitary behaviors (such as 
feeding), while the second half is dominated by encounters, vocalizations, 
and social activities. 

SOCIAL ORGANIZATION 

Home Range Utilization 

Among the 21 individuals identified, six animals were regularly followed 
by radio-tracking ( ο Ί , o*6, 9 2, 9 10, juvenile a l l , juvenile σ\2). The 
first animal (ο* 1), equipped with a radio transmitter in November 1973 by 
Charles-Dominique and C M . Hladik, was relocated in the same area in 
June 1974. The animals were followed for 15 to 30 days, and a summary 
of all observations is presented in Fig. 3. 
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Fig. 2. Schematic cross section of the forest and localization of the main activities of 
Microcebus coquereli according to height and vegetation type: F , Feeding behavior; N , 
Nesting; P , Play and social contacts ; R, Rest; S, Surveillance; V, Vocalization (single note 
call). 

Six other animals were captured, marked, and recaptured, certain of 
them on several occasions (o*4, o*5, o»9, Ç3, 9 7, ç 8). At least eight 
other animals could be regularly observed and identified by their particular 
physical characteristics (o*13, o*14, 9 15, 9 16, 9 17, juvenile 18, juvenile 
19, juvenile 20). 

The home range of adults includes a central area of relatively small size 
(15,000 m2 for males; 25,000-30,000 m2 for females) which is intensively 
utilized. This is surrounded by a large peripheral area (maximum observed 
40,000 m2 for males, and 45,000 m2 for females) which is less frequently 
visited, with a less stable border, but probably requires several months of 
observation to be accurately determined. Overlapping of the central area 
may concern a female and her youngs (for example 9 10, juvenile o*ll, 
and juvenile cr 12, Fig. 3) or male and female ( 9 2 with o*6, Fig. 4). There 
is a much greater degree of overlapping of the peripheral area, which per
mits social contacts between individuals of both sexes, even for distant 
neighbors. 

A more detailed study of or 6 provides a clear example of the significance 
of home range utilization (Fig. 5A and B). A total of 570 recordings of 
position and immediate observation of behavior permitted a precise picture 
of activity localization which allow the two main areas previously men
tioned to be defined more accurately. The animal spent 80% of the night in 
the central area, even though the area represents only 30% of the total 
home range. Furthermore, 80% of the total activity in this area occurred 
between 18:00 and 0.00 hours. 

As can be seen in Fig. 5A, the central area is characterized by solitary ac-
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tivities such as feeding, self grooming, surveillance, rest, and possibly 
marking. The sudden release of a characteristic strong odor was detected 
when the animal was followed at close distance. It is likely that these emis
sions of specific odor participate in the marking of the central area and 
could play a role in territorial behavior (see below). 

The northern part of the central area of α 6 home range is shared with 
Ç 2. Most of the encounters between these two animals occurred in this 
area between 22:00 and 2:00 hours. 

Fig. 3. Home ranges of six individual Microcebus coquere[i followed by radio tracking. 
Solid lines show ranges of males; dashed lines show ranges of females; crosses show the ranges 
of two juveniles. The nests of different individuals are located in numbered circles. The trails 
of the study area are located by numbers and letters corresponding to Fig. 5 ,  Chapter 1. 
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Fig. 4. I l lustration of differential utilization of the home range by Male 6 and two 
neighboring adult females. Per ipheral zones of home ranges show large overlaps between any 
two neighbors of opposi te sex. In contras t , central zones (shaded) only show overlap between 
certain individuals linked by pair bonds or parental bonds . 

The peripheral area, which represents about 70% of the total home 
range, accounted for only 20% of the observations of o*6 (Fig. 5B). This 
area was frequented mainly after midnight. Feeding occurred on only one 
occasion, whereas social contacts with other individuals ( 9 2 , 9 3, crl, 
o*13, juvenile o*20, juvenile o*ll, juvenile ο· 12, and possibly o*14, and 
9 15) were often observed. The males generally make longer incursions 
into distant areas than females, and thus encounter more individuals in one 
night. 
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Fig. 5. Distr ibution of the activities of Male 6 in his home range, at night (100 hours of 
observat ion): (A) Solitary activities take place in the central zone of the home range and occur 
during the beginning of the night . (B) Social behaviors are mainly located in the overlapping 
zones of the h o m e range and take place during the second half of the night. 
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Fig. 5. (Continued) 

The limits of the central area may be roughly determined within one 
night, when the animal is released after capture. On the contrary, even 
after more extensive observations (100 hours for σβ; Fig. 6), the total ex
tent of the peripheral area is probably only partially elucidated. This is due 
to the fact that, at the time of observation (season of sexual inactivity), 
deep penetrations into the neighboring home ranges were only occasional, 
whereas captures made during the austral summer indicated more 
movements. In fact, observations in captivity (Chapter 7) showed that 
more frequent social contacts occur during spring. 



Fig. 6. Movements of Male 6 recorded during 100 hours of observat ion. The central area 
of the home range can be easily distinguished, while the peripheral zone is probably only partly 
assessed. Nests actually used are indicated by circles. 

INTERCOMMUNICATION 

Vocalization 

Like other prosimians, M. coquereli uses a variety of vocalizations. For 
sonographic descriptions of these calls and comparison with those of other 
prosimians, see Petter and Charles-Dominique (1978). The most character
istic patterns are presented in Fig. 7. According to the acoustical char
acteristics and the behavioral context, eight types of calls can be defined: 

1. The "contact call" resembles a "hum" or a "hein." It is the most 
frequent call and accompanies all movements and meetings between 
familiar individuals. 

2. The "mother-infant meeting call" is a series of short modulated 
whistles. This call is generally emitted by mother and infant at dawn, 
before return to the nest. Loudness, tonality, and repetition rate vary with 
the context (Fig. 7A, B, C). 

3. The "female single note call" resembles a "pfiou." This call elicits 
response in other females which may imply a role in territoriality. 

4. The "male single note call" is a short intense whistle, emitted by 
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the male usually from a tall tree in the central part of the home range. 
Responded to by other males, as for the former call, it probably also has 
territorial significance. 

5. The "alarm call" is a "croak" resembling the alarm call of other 
nocturnal prosimians. 

6. The "agonistic call" is a short note rapidly repeated "tisk-tisk-
tisk" emitted by young and adults of both sexes. 

7. The "waking call sequence" is a series of notes progressively 
decreasing in intensity, emitted by females just after leaving the nest. 

8. The "sexual call sequence" is a long characteristic sequence begin
ning with a weak whistle generally followed by several amplitude 
modulated notes, a hoarse "brroak" (Fig. 7D), emitted by both male and 
female adults during two or three days at the moment of estrus. 

Marking Behavior 

Marking behaviors of M. coquereli have been described by Schilling 
(1978) and compared to those of other prosimian species. The first type, 
punctuated urine marking (Fig. 8A), involves mainly urine, whereas in 
anogenital dragging (Fig. 8B), other substances (feces and glandular secre-

Fig. 7. Some characteristic vocalizations of Microcebus coquereli (Sonogram, filter 300 
Hz wide). (A) Mother-infant meeting call (emitted by female). (B) Mother-infant meeting call 
(emitted by infant). (C) Same type of call, but of longer duration. (D) Sexual call sequence. 
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Fig. 8. Marking behavior of Microcebus coquereli in captivity. (A) Female performing 
punctuated urine marking by light contact of the clitoris. (B) Female marking by anogenital 
dragging (this type of marking exists in both sexes). (C) The typical posture for smelling a 
mark of a conspecific; note the open m o u t h , and retracted tongue . 
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tions) may also be deposited. These are the two typical urine marking 
behaviors of prosimians. In contrast, salivary marking has been observed 
only in Microcebus species (M. coquereli and M. murinus). 

A peculiar trail of M. coquereli is the "odor discharge" mentioned 
above. This type of volatile odor release has also been observed in other 
prosimians (Schilling, 1978), but no relation with territoriality has been ob
served. However, Schilling (1980) has demonstrated that M. coquereli can 
discriminate at a distance from minute and dry urine traces: sex and sexual 
state, individual identity, and time of deposition. 

Male-Female Relations 

Male 6, on which most observations were made, encountered a con-
specific on an average of every other night. However, prolonged contact 
(with Ç 2) was observed less frequently. These encounters occurred either 
in large bare trees (Boababs or Harofy) or in bushes with dense foliage. 

Encounters between o* 6 and 9 2 often included movements as a pair ac
companied by constant vocal contact (contact calls), rest periods, body 
contact, and reciprocal grooming or social play. As mentioned above, these 
activities characteristic of pair bond relations, occur in the middle of the 
night, in an area common to the male and the female. 

Social behavior during contacts was of two types: (1) brief encounters 
without tactile contact, accompanied with contact calls (this occurred be
tween o*6 and 9 2, 9 10, 9 15); and (2) prolonged encounters with body 
contact including urine licking by the male as well as play and grooming 
(Pages, 1980). The sequence can last up to 90 minutes even during the 
period of sexual inactivity (austral winter). 

Brief encounters were observed between o*6 and all the neighboring 
young and adult females, however prolonged contact only occurred with 
9 2. This type of relationship was also observed between cr 13 and 9 10. 

Even though these observations were made within the period of anestrus, 
privileged social contacts were observed, indicating pair bond relations. In 
captivity, these male-female contacts before sexual activity facilitate subse
quent acceptance of the male by the female during estrus. 

Aggressive contacts between male and female have also been observed 
( 9 10 with α 14 and cr?), including chasing and fighting, sometimes 
resulting in both animals falling down to the ground. 

Male-Male Relations 

Two types of relationships could be distinguished, which do not depend 
on the individuals in contact, but rather on where the encounter takes 
place. 
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1. Encounters in the periphery of the home range, usually after mid
night, do not involve body contact or chasing, but may be accompanied by 
calls which result in retreat of one of the individuals (observed between 0*6 
and neighboring males). 

2. Encounters in the central area usually involve chases, accompanied 
by intense calling (male single note call and agonistic calls). An example of 
this occurred when 0*6 was released after several days of captivity: on three 
occasions, he chased other males who had invaded the central area of his 
home range during his absence. 

These two types of encounters again illustrate the differential use of the 
two areas of the home range: a peripheral area in which numerous 
unspecific encounters occur, and a defended central area in which food 
resources are obtained, and privileged male-female contacts take place. 

Female-Female Relations 

Encounters between females were observed on only one occasion, upon 
release of 9 10 who immediately began marking (urine marking and 
anogenital dragging) and emitting mother-infant meeting calls (one of her 
two young, juvenile a l l , had not yet been released). Three neighboring 
females answered the mother-young meeting call (which had been abnor
mally repeated all night) with the female single note call. The 9 10, accom
panied by juvenile o*12, was approached by 9 15 who regularly emitted 
weak contact calls and attempted tactile contact. This type of female-
female relation evokes that observed by Charles-Dominique (1977, 1978) 
between mother and daughter Galago. 

Parent-Young Relations 

In captivity, the young first leave the nest at 3 weeks of age. On the first 
days of exit, the young is immediately returned to the nest in the mother's 
mouth. The mother progressively allows longer trips out of the nest, 
however remains in proximity. Tactile contacts initiated by the young are 
avoided, and at dawn, the young is carried back to the nest or incited to 
follow the mother. 

Gradually, at one month of age, tactile contacts are initiated by both 
parents and young (social play and grooming) and serve to establish stable 
bonds. At 40 days of age, frequent contact calls between young and adults 
permit auditory contact at a distance, and concurrently, exploratory 
behavior by the young increases. At one or two months of age, precocious 
sexual activity (mounting, neck biting, pelvic thrusting) by the young male 
and female toward the mother may be observed. 
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In nature, the 3-month-old juvenile of Ç 10 (juvenile 20) was seen on dif
ferent occasions either alone and searching for food, or engaged in mutual 
grooming and play with one or both parents ( 9 2, o*6). The two young of 
Ç 10 (juvenile a l l and juvenile σ 12, aged approximately 5 months) slept 
in the same nest as their mother, but normally foraged alone and ex
changed contact calls. They generally left the nest after the mother and 
utilized only a part of the mother's home range, where she was less fre
quently observed. 

The return to the nest, which occurred just before dawn, was accom
panied by mother-young meeting calls. These mutual vocal interractions 
and movements allowed the mother to find the young at the end of the 
night. Neither the female nor the infants were ever observed to sleep with 
the male during the austral winter. 

Discussion 

The social system of M. coquereli is characterized by a well-defined cen
tral area, and a large variable peripheral area. In the forest of Marosalaza, 
in proximity of the temporary pond, where food resources (insects) are 
abundant, the central areas of males do not overlap and are separated by a 
space in which are intercalated the female/young central area (generally 
larger). The female central area may partly overlap with that of a male, 
depending on pair bond relations. 

This pattern of spatial distribution forms a mosaic which efficiently 
covers the available space and assures maximum utilization of food 
resources. If the role of the central area is to provide a sufficient food sup
ply, the peripheral area permits social exchanges. 

This spatial separation is paralleled by a structured temporal distribution 
of the different types of activities during the night (Fig. 9). The regular oc
currence of solitary activities and social encounters at different times prob
ably allows the species to maximally exploit food resources of the central 
area at the beginning of the night: the first part of activity is mainly 
devoted to feeding, so that on cold nights, when there is a reduction in total 
activity, this mainly affects the frequency of social encounters. 

During winter, in captivity, feeding activity was more regularly 
distributed throughout the night (see Chapter 7, and Pages, 1980). 
However, this was probably due to the constant availability of food, and to 
the reduced space which did not allow spatial distribution of activities. In 
contrast, the circadian rhythms of social activities closely approximated 
that observed in nature. 

During summer, there is a general increase of activity, and particularly 
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Fig. 9. Activity rhythms for over 100 hours of observation of Male 6: (A) Solitary and 

feeding activities, which are most frequent during the first half of the night: 1. Rest and self 
g rooming, in minutes per hour . 2. Average number of homopte ran colonies visited. 3. 
Average number of t imes insects were chased and eaten. (B) Activities which are most frequent 
in the middle of the night: 4 . Percentage of t ime spent at height above 15 m (presumably 
related to territorial defense). 5. Average number of scent release. 6. Social play with Female 
2, in minutes per hou r . 7. Prolonged contact with Female 2, in minutes per hour . (C) Activities 
which are most frequent at the end of the night . 8. Average number of encounters with con-
specifics other than Female 2. 9. Average number of vocalizations. 10. Average distance (in 
meters) covered during different hours of the night . 

social activities. At the time of estrus, social behavior becomes increasingly 
important, and often occurs at the beginning of the night and may replace a 
large part of feeding activity. This situation may reflect that occurring in 
nature during austral summer, when resources are abundant enough to re
quire only a small part of the time budget to be collected. 

During the season of sexual inactivity, it appears that a minimum of 
social contacts are necessary to ensure successful reproduction during the 
following season. The maintenance of privileged relations with the parents 
and between young of the same litter are beneficial to the young in the 
development of feeding and social behaviors. The establishment of pair 
relations before the period of sexual activity has been observed to be 
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favorable to reproduction in captivity by reducing the female's aggressivity 
towards the male. 

The particular cycle of activity of M. coquereli is also a complement of 
the different ecological and behavioral characters permitting niche separa
tion among the five nocturnal prosimian species inhabiting the Marosalaza 
forest. Among them, only Lepilemur ruficaudatus does not include insects 
in the diet. The three other species, Microcebus murinus, Cheirogaleus 
medius, and Phaner furcifer are potential competitors for animal food 
(Chapter 2). Together with the specialization on insect secretion, providing 
a regular food supply during the dry season, the temporal patterning of ac
tivities of Microcebus coquereli (which feeds at times different from the 
other prosimians), tends to reduce interspecific competition. 
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Quantitative 
and Qualitative Study of 
the Light Available in the 
Natural Biotope of Malagasy 
Prosimians 

G. F. PARIENTE 

INTRODUCTION 

Nocturnal vision poses numerous problems, particularly concerning 
animals which use the eye as the main sensory system in very low light 
levels. Whether one considers birds, fruit-bats, or nonflying mammals, ef
ficient solutions have been adopted during the course of evolution to per
mit sufficiently "comfortable" vision for the detection of objects in space. 
To speak of an efficient solution implies a problem, in this case essentially 
that of the quantity of light available in conditions where the species nor
mally live. 

In many diurnal animals the ability to see at night is weak or absent 
(such is the case for "civilized" man) and those species which are "at ease" 
during the night have often acquired several anatomical and/or 
physiological specializations (tapetum lucidum, photoreceptor con
vergence) which strongly suggests that, without the advantage thus ac
quired, the quantity of nocturnal light would be insufficient for effective 
vision. These various adaptations have already been studied by many 
authors for nocturnal birds of prey, fruit-bats, and some species of car
nivores (Tansley, 1965). 

Concerning the vision of prosimians (see Pariente, 1978, for review), few 
studies have been published and no efforts have been directed toward an 
understanding of the spectral environmental conditions in which these 
species are normally active. In this chapter, results are presented on the 
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quantity and quality of light available, in different forests of Madagascar, 
and particularly in Marosalaza, where the observations presented in the 
other chapters of this volume have been conducted. 

METHODS 

Material 

The remoteness of the chosen study areas required utilization of a light 
detection system which was transportable and autonomous, but also 
capable of functioning under extremely low light levels. A microampere-
meter ("International Light Society" IL 600) adaptable to several captors 
and a photomultiplier system were chosen for this study. The limits of the 
spectral zone studied were defined by each of the available captors: 

1. daytime measures 
PT 100 permitted measures between 200 and 650 nanometers (nm) 
PT 200 A permitted measures between 450 and 1000 nm 

2. nightime measures 
The combination of the IL 600-IL 660 with the photomultiplier PM 200 

C, covered a band between 200 and 650 nm. 
At the time of this study, these were the only types of captors available 

which fulfilled our requirements of high sensitivity plus autonomy. 
In practice, the response curve of these three captors could be slightly ex

tended (100 nm) into a zone of poor sensitivity which made possible, in cer
tain instances, an extension of the range of measures. The additional use of 
filters (12 interference, 4 optical) permitted measures in limited and well-
defined bands of the spectrum. 

Method of Energy Calculation 

The calibrated curve of relative sensitivity of each captor gives the 
response to 1 μ\ν at intervals of 10 nm. The values thus obtained yield a 
curve of relative sensitivity of the apparatus as a function of wavelength. 

In addition, for each captor a reference point was measured at absolute 
values: 

with the PT 100 at 100 nm: 1 / iW/cm
2
 yielded 1.522 χ ΙΟ"

2
 μ A 

with the PT 200 at 800 nm: 1 /*W/cm
2
 yielded 5.05 χ ΙΟ"

3
 μΑ 

with the PM 200C at 400 nm: 1 /*W/cm
2
 yielded 3.843 χ ΙΟ

4
 μΑ. 

These three values permitted subsequent calculation of absolute values 
from the curves of relative sensitivity throughout the spectral range. 

The use of filters required point by point consideration of the response 
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of the captors with each filter. The transmission curve of each filter was 
plotted as a function of wavelength (Laboratoire National d'Essais). Since 
the filters had unequal transmission factors, all estimations were standard
ized to a calculation of the energy contained in a band 1 nm wide, in order 
to render measures comparable. 

For simplification (due to the impossibility of using more narrow band 
filters because of the low light levels measured), it was assumed that for 
each combination captor/filter, the source was uniform in the correspond
ing band of transmission. The maximum transmission of each filter was us
ed in the curves for the calculation of the energy contained in a band 1 nm 
wide. 

Thus, for each combination captor/filter, a coefficient was established 
permitting direct calculation of the energy, at a given wavelength as defined 
above, considering the assumption concerning emission of the light source. 

In the cases where the large band optical filters were used (or no filter at 
all), it was assumed that the source was "solar" light, which was defined 
for three color temperatures (5000°K, 6500°K, 7500°K). 

An additional calculation permitted comparison of the sensitivity of our 
apparatus to that of the eye of a human observer. The combination cap
tor/filter/solar source at the chosen temperature for the standard observer 
(normal CIE scotopic or photopic curve) yielded conversion coefficients of 
the measured current into lux (Le Grand, 1972). It should be evident, 
however, that the absolute values of energy calculated in this study are not 
assumed to be very precise. In fact, it is the relative values which are the 
most interesting to consider. At low light levels errors due to reading of the 
meter and fluctuations in the power source, may lead to systematic error of 
±20%. Continuous recordings in these same conditions result in irregular 
curves mainly due to different meteorological phenomena. Therefore, the 
measures yielded an estimation of absolute values, and the possibility of 
comparing relative values. 

Finally, after comparison of the curves (by direct measure of solar 
energy) with classic curves of the solar spectrum, we always aligned the PT 
200 A with the PT 100 by making an adjustment at 550 nm (the two captors 
do not give exactly the same values at the same wavelength). 

Standardization of Measures 

In order to proceed under comparable conditions the captors were placed 
at one meter from the ground and oriented towards geographical North at 
each site (the magnetic variation is very marked in certain regions of 
Madagascar, and reaches values of 18-19°W near Morondava). 

At the beginning of this study, measures were taken every 2 hours and 
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in five directions (North, South, East, West, and Zenith for each filter). 
Ground illumination was occasionally measured. In later work, in order to 
reduce the amount of time between measures (20 minutes in the above 
method), records were made toward the zenith (Î) and toward the South 
(S). 

In the latter case this avoids direct light which is greater toward the 
North in the Southern hemisphere. Measures of the sun and the moon per
mitted calculation of the energy spectrum of these two main light sources. 
With these methods the time required to complete a series of 12 measures 
was reduced to 7 minutes. 

RESULTS 

Measures outside the Forest at Marosalaza 
(50 km North of Morondava) 

Study of the Solar Source 

These preliminary measures were taken to verify the proper functioning 
of the apparatus. Figure 1A and Β shows the results obtained at different 
times of the day with clear weather conditions, and illustrates the well-
known effect of color temperature variation of the solar source as a func
tion of the incident angle of light rays through the atmospheric layers: red 
is dominant at 7.00 hours, and a strong relative increase in the short wave
lengths occurs before noon (Fig. 1A). Measures made before sunset under 
the same conditions are illustrated in Fig. IB. It should be noticed that 
measures taken either directly toward the sun or in other directions yield 
about the same relative distribution of energies according to wavelength. 
As an example, Fig. 2 shows measures taken toward the south (dominance 
of long wavelength) which should be compared to Fig. 1. 

Study of the Nocturnal Sky 

The changes in light radiation outside the forest at dusk can be seen in 
Fig. 3A. At 19.00 hours, it was not possible to use the PM at all 
wavelengths due to the relatively intense light levels. The energy distribu
tion during full nighttime (Fig. 3B) shows a continuous relative increase in 
energy toward the longer wavelengths. At wavelengths of 800 nm and 
longer, the level of energy is too weak to be detectable by the PM with the 
interference filters used in this study. Figure 3B also shows that there is lit
tle variation in the relative distribution of energy between the zenithal (Î ) or 
southern (S) direction. However, there is a difference in intensity, zenithal 
light being significantly higher. These latter curves will be compared (see 
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Fig. 1. Distr ibution of solar energy as a function of wavelength at different t imes of the 
day outside the Marosa laza forest. (A) After sunrise (5:58 hou r s , February 27, 1974); (B) 
Before sunset (18:30 hour s , January 14, 1974). 

below) to those obtained in the forest under the same conditions since they 
most closely approximate the actual energies available to the eye of an 
animal which is moving along a basically horizontal plane (we assume that 
in general the direction of gaze is horizontal and permits image formation 
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Fig. 2. Distr ibution of spectral energy of the daylight. Measures taken toward the zenith 
( Î ) and the south (S), outside the Marosa laza forest (February 27, 1974). 

grossly corresponding to analysis of the vertical supports of the environ
ment). 

Importance of the Moon 

The effect of the lunar cycle (hours of moonrise and moonset) and the in
fluence of the lunar phase on the luminous environment have already been 
discussed elsewhere (Pariente, 1976, 1978). The present discussion will be 
limited to consideration of the moon as a light source, under the best possi
ble meteorological conditions (clear sky, moon near the meridian), as has 
been done above for the sun. 

In Fig. 4 are presented values taken by direct measurement of the moon, 
either at the time of full moon or during the first quarter. The light 
reflected by the moon is primarily dominated by the longer wavelengths. It 
may also be seen that the ratio of intensity between the full moon and the 
first quarter is in the order of 1:10 and, during the full moon there is a 
marked qualitative variation typified by a relative decrease in energies 
beyond 750 nm. At the first quarter (the light rays are subjected to reflec
tion at an angle of 45° on the moon) the light is rich in radiations of longer 
wavelength. It thus may be assumed that for a nocturnal prosimian eye 
having a maximum of sensitivity near 500 nm (Pariente, 1976, 1978; Alfieri 
et al., 1974) the difference in the relative spectral distribution between first 
quarter and full moon is negligible. 

A comparison of the curves of Fig. 1A and Β and Fig. 4, at 500 nm, 
shows that the moon yields only one millionth the energy provided by the 
sun at noon. 
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Fig. 3 . Distr ibution of spectral energy of the nocturnal light. Measures taken toward the 
zenith ( Î ) , and toward the south (S), outside the Marosa laza forest. (A) At dusk ( Jan . 14, 
1974); (B) during the night (Feb. 23 , 1974). 
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Fig. 4 . Distr ibution of spectral energy of the m o o n light. Measures taken outside the 
Marosalaza forest (March 1, 1974). 

Study of Light in the Forest at Marosalaza 

Since direct measures of the sun or the moon were not possible in the 
forest, only measures toward the south and zenith were performed. 

Forest Daylight 

Since the study period took place during the rainy season (austral sum
mer) the sky was not always perfectly clear. However, the curves presented 
in Fig. 5 show the distribution of radiation when the sky is only slightly 
covered. This curve should be compared to that of Fig. 1 (sun source) and 
to Fig. 2, which gives an idea of the screening effect of vegetation in 
Marosalaza. It can be seen that toward the zenith the curves are very 
similar, the vegetation slightly modifies the light in intensity but not in 
quality. This result is not surprising since in the forest of Marosalaza the 
vegetation is relatively sparse and direct rays from the sun easily reach the 
ground through the foliage, especially during the period between 10.00 and 
14.00 hours. 

The intensity of light from the south, which mainly determines the actual 
visual conditions in the undergrowth, is about ten times less than that from 
the zenith. Therefore, at 500 nm the effect of the vegetal cover reduces the 
light level by a factor of 40 compared to light conditions outside the forest. 



5. Light Available in the Forest 125 

uW/cm2 
(in a bandl nm wide) 

Fig. 5. Distr ibution of spectral energy of light inside the Marosalaza forest during 
dayt ime. Measures taken toward the zenith ( Î ) and the south (S). 

There is especially a strong absorption of radiation between 500 and 750 
nm, which corresponds to absorption by chlorophyll and other pigments. 
However, while chlorophyll also strongly absorbs in the blue spectral zone, 
this is not very apparent in Fig. 5. 

Forest Nocturnal Light 

Due to the extremely low energies at night, measures were only possible 
in the band of maximum sensitivity of the PM (between 200 and 650 nm), 
particularly in the southern direction. In Fig. 6 the results are presented for 
measures taken toward the south at different times of night. Depending on 
the time of measure the spectral energy distribution varies greatly. It ap
pears that after 19.28 hours (when there is still a slight absorption between 
500 and 650 nm, probably due to vegetal pigments) the curves tend toward 
a more even distribution increasing from blue to red. At 0:45 hours a 
strong blue contribution may be noticed, which may be due either to the 
appearance of a brilliant constellation or to a clearing of the night sky. In
deed, the origin of light at night is very varied and includes stellar light 
(30%), zodiac light (30%), and aurora australis, diffusion of solar light by 
the atmosphere, photo-emission from high energy particles and various 
other sources. 

In order to appreciate these phenomena we have plotted in Fig. 7 the 
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Fig. 6. Distr ibution of spectral energy of the light inside the Marosalaza forest, at dif
ferent times of the night ( January 18/19, 1974). Measures taken toward the south . 

variation in energy according to time of night at two wavelengths, 450 and 
499 nm (southern direction). At 00.45 hours, when the brilliance of the 
stars appeared exceptional, there is a slight increase in energy. On the other 
hand, the low values after dark and just before dawn may be due to slight 
meteorological effects such as condensation due to a decrease in 
temperature. This type of variation, including a slight increase around mid
night was often observed. Thus, many parameters can intervene to modify 
the spectral energy distribution. The marked increase in radiation at 499 
nm at 04:35 hours is due to the presence of the moon (rise at 02:05 hours, 
age = 25 days, a fine crescent at 30° from the horizon). A weak effect is 
only noticeable 2 hours after moonrise, especially in the longer 
wavelengths. However, it cannot be excluded that these changes may also 
be due to the first effects of sunrise which on this day (January 19, 1974) 
occurred at 05:37 hours, one hour after the measures were taken. In rela
tion to this increase in light intensity at 04:35 hours there is a sudden in
crease in activity of Phaner furcifer (Pariente, 1974, 1978). 

It is of course useful to give an idea of what these values represent for a 
human observer (conditions of scotopic vision). The values obtained at 
00:20 hours on the night of January 18-19, 1974, in the Marosalaza forest 
during a clear night without the moon, corresponded to 5.3 ^lux in a 
southern direction, and 134 /dux toward the zenith. The luminance of the 
sky seen through the foliage equaled 3.6 χ 10"

5
 /xW/cm

2
 between 200 and 
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uW/cm2x10-8 
(ina bandl nm wide) 

Fig. 7. Variat ion in energy at 450 nm (dashed line) and 499 nm (solid line), at different 
times of the night . Measures taken toward the south inside the Marosalaza forest ( January 
18/19, 1974). 

650 nm. Under these conditions it was totally impossible to distinguish the 
forest environment. At 19:30 hours, when 160 lux were available from the 
southern direction, our vision already started to deteriorate; however, a 
few minutes before at 19:23 hours the zenith still produced 11 millilux and 
the south 350 μΚιχ. At this moment we could still just perceive the general 
outline of the larger trees in the immediate vicinity. This simple example il
lustrates how merely a factor of 30 can alter an observer's visual perform
ance from a threshold level, still permitting useful vision, to the total im
possibility of seeing. This demonstrates that the eye of a strictly nocturnal 
animal only needs relatively slight perfectioning in order to function effi
ciently. 

Comparative Measures Made in 
Madagascar at Other Locations 

These measures, performed in 1970, give a global representation of the 
light in different biotopes where prosimians are found but are less complete 
due to the lack of interference filters. The methods were identical to those 
given above, except that only wide band, or no filters were used. 

Eight locations in Madagascar were studied: 
Fort-Dauphin, Southeast 
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Berenty (gallery forest), South 
Tulear (bush), Southeast 
Analabe (Marosalaza) (dry deciduous forest), West 
Ambohimanarina (central plateau) 
Perinet (humid evergreen forest), East 
Ankarafantsika (deciduous forest), Northeast 
Diego-Suarez (Jhumid evergreen forest), North 

The results presented in Fig. 8 require some qualifications: 
In several cases, circumstances did not allow all the measures to be 

made, thus some graphs are incomplete. 
At Tulear, the measures were made in sparse "bush," comparable to 

open territory. 

!0x10*jJWcm2 5 χ 1 03 5i 6 X)x10-5uW cm2 

É 

mid-day midnight mid-day midnight 
VZÀ outside of the forest 
H I inside the forest 

Fig. 8. Tota l available light energy at different locations in Madagascar . Measures taken 
inside and outside the forest, at midday and at midnight . 
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In two cases, the presence of the moon resulted in higher values (Am-
bohimanarina and Diego-Suarez). 

An interval of 3 months elapsed between the first and last measures. 

Measures Made during the Day 

The daytime values at Tulear are quite exceptional. This is probably due 
to the proximity of the Mozambique channel which is responsible for a 
significant diffusing fog (which affects all visible radiations). As a result 
the luminosity is extremely intense. The same type of situation was also 
found at Morondava and Analabe (Marosalaza forest) during the rainy 
season. 

In the different forests variation is low, and depends upon the type of 
vegetation (large trees at Berenty, canopy of average thickness at Analabe 
(Marosalaza), sparse forest at Ankarafantsika, and relatively clear forest 
on the slopes and crests where we worked in Perinet. 

Measures at Night 

At night these values are similar outside the forest for all the stations, ex
cept at Tulear where the values are lower, probably due to the high humid
ity (which in this case produces an effect opposite to that observed in 
sunlight). 

Energy Distribution 

The use of large band optical filters, some of which transmit elsewhere 
than in the zone considered, did not permit precise quantitative calcula
tions. However, the combination of curves of the PM 200C and PT 100 
with filters of 350 nm and 640 nm (peak of transmission) permitted a 
"relative" estimate of the ratio of blue and red wavelengths (Fig. 9). In full 
daylight, outside the forest, the ratio of blue to red is in all cases inverse to 
that at night. However, if measures made outside the forest are compared 
to those made inside the forest, it may be noted that there is generally an in
version of the proportions of blue and red (see Berenty open and Berenty 
forest). Inside the Marosalaza forest, the values of blue and red are not 
significantly different (measures made during austral winter, the dry 
season). In two cases (Ambohimanarina and Diego-Suarez) the presence of 
the moon accounted for the exceptionally high values. 

DISCUSSION 

The results presented in this study give an idea of light conditions which 
may influence the visual processes of the Prosimians. The main findings of 
interest are the following: 
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Fig. 9. Compar i son of light available during the daytime and at night, in either dominant 
red (open circles) or dominan t blue wavelength (dark circles) at different locations in 
Madagascar , inside and outside the forest. 
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Outside the forest, there is a relative homogeneity in daylight levels ex
cept in the southwestern coastal region where meteorological phenomena 
add to direct radiation. 

Inside the forest during the dry season, daylight is only moderately 
reduced, generally by a factor of ten from the south, depending on vegeta
tion structure. 

During the rainy season, when vegetation is dense, this coefficient of 
absorption may increase considerably, and reach values up a factor of 
sixty. 

In the forest at night, the absorptive effect of the vegetation on inci
dent light is greatly increased. 

Color temperature is generally high during the day and rapidly 
decreases with decreasing light conditions. The night is thus characterized 
by a very marked "reddish quality." 

During the periods of dawn and dusk, very rapid variations occur in 
intensity and spectral composition. 

In addition, at dawn (Fig. 10) there is a rapid increase in intensity, 
which differs according to the direction of measure. Light from the zenith, 

A Relative Energy 
](from 200-650 nm) 

• East 

23 2U 01 02 03 
Fig. 10. Distr ibution of energy between 200 and 650 n m at night inside the forest (Ampi-

jo r a , August 4, 1970). Measures taken in different directions. The arrow indicates the t ime of 
min imum intensity necessary for h u m a n vision. 
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which is initially the most intense due to the presence of stars, becomes 
relatively reduced compared to other directions. Light from the east in
creases most rapidly due to light rays diffracted by the atmospheric layers. 

These measures will provide a background for a better understanding of 
the visual limits of Prosimians, and the relation to behaviors, such as ac
tivity rhythms (Pariente, 1974, 1975b; Chapter 7), and visual communica
tion (Pariente, 1978). Hopefully, this work will aid both ethologists and 
ecologists studying the impact of "light phenomenon" on species evolu
tion. 

The relationships between the light environment and its influence on the 
visual system and behavior was always of primary importance in G. 
Pariente's research. The scope of his studies was large and dealt with the in
fluence of light on activity rhythms (1974, 1975a,b), the role of light in 
visual communication (1978), anatomical studies of the eye (1970, 1975a,b, 
1976), and behavioral and electrophysiological studies of relative luminous 
sensitivity (1974, 1976). 

To illustrate the correlations which may be established between quan-

Fig. 11. Distr ibution of spectral energy at night in the Marosalaza forest. Compar i son of 
measures taken toward the zenith ( Î ) and the south (S) (data from Par iente , 1976). 

NOTE 

10-6J 
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Fig. 12. Relative luminous efficiency as a function of wavelength for a prosimian species, 
Hapalemur griseus (after behavioral da ta ) . The prel iminary results concerning certain other 
prosimian species studied in this volume, show a similar overall pa t tern (after Par ien te , 1976). 

titative and qualitative measures of light and vision, the following example 
derived from one of the many discussions with G. Pariente may be cited. It 
may seem paradoxical that although the peak of luminous efficiency for 
nocturnal prosimians occurs in the blue-green part of the spectrum 
(450-500 nm), the reflected nocturnal light in the forest is mainly 
dominated by the longer wavelengths. 

In fact the explanation for this discrepancy becomes apparent when the 
total light environment is considered. Horizontal reflected light in the 
forest is relatively poor in blue-green wavelengths (due to the absorption); 
whereas light from the zenith is relatively rich in blue-green wavelengths. 
The resulting difference in energy between the

 < <
reddish

,,
 forest light and 

direct ' ^ ^ ΐ ι " light is maximum at 450-500 nm (Fig. 11). This is exactly in 
the region of peak sensitivity for nocturnal prosimians (Fig. 12). Thus, the 
vision of these nocturnal species seems to be adapted to utilize contrast cues 
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for detectin g object s directl y illuminate d b y th e "bluish " zenitha l ligh t 
source agains t th e dar k "reddish " fores t background . 
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β Seasonal Activity Rhythms, 
Reproduction, and Body Weight 
Variations in Five Sympatric 
Nocturnal Prosimians, in Simulated 
Light and Climatic Conditions 

A. PETTER-ROUSSEAUX 

INTRODUCTION 

Previous studies concerning the nocturnal prosimian Microcebus 
murinus have shown that seasonal variations exist in body weight, 
temperature, and sexual activity which depend on variations of the photo-
period (Petter-Rousseaux, 1970, 1974). In the present chapter, observa
tions have been extended to include five species of sympatric nocturnal pro
simians, and cover a period of 3 years. Data were collected on body weight 
variations, food intake, locomotor activity, and reproduction, to allow 
comparison of the specific physiological cycles. A more detailed analysis of 
circadian rhythms is reported in Chapter 7. 

These species (Microcebus murinus, Microcebus coquereli, Cheirogaleus 
medius, Phaner furcifer, and Lepilemur ruficaudatus) inhabit the Marosa
laza forest (West Coast of Madagascar) where important seasonal varia
tions occur (Chapter 1). During field work covering almost an entire year, 
these species were the subject of different studies presented in other 
chapters of this volume. The results of these field studies raised certain 
questions concerning specific physiological adaptations which were dif
ficult to analyze in natural conditions. In particular, Cheirogaleus medius 
has been observed to hibernate for a period of several months during the 
austral winter, and Microcebus murinus undergoes short periods of 
"lethargy" (Petter, 1978; Chapter 2). 

It was thus of interest to raise these species in captivity, in conditions 
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resembling as closely as possible those of the natural environment. Thus we 
attempted to reproduce in the animal house of Brunoy, the different 
parameters actually recorded in the Marosalaza forest (Chapters 1 and 5). 

METHODS 

Housing 

The animals were housed in a room measuring 8 χ 5 χ 4 m, divided by 
wood and glass walls into 6-8 m

2
 cubicles, the roof of which consisted of 

wire mesh at a height of 2 m. Nest boxes and branches were provided in 
each of these cages. 

Each cubicle contained individuals of only one species: 
Microcebus murinus (body weight approximately 80 gm), one male 

and four females 
Microcebus coquereli (body weight approximately 350 gm), one male 

and one female plus a young male born in July 1973 
Cheirogaleus medius (body weight approximately 300 gm), one male 

and one female 
Phaner furcifer (body weight approximately 450 gm), one male and 

two females 
Lepilemur ruficaudatus (body weight approximately 700 gm), two 

males from March 1973 until June 1974; two females added in June and 
September 1974. Couples were housed in separated cages in September 
1974. 

Lighting System 

Two independent systems were used to control the light cycle: (1) three 
sets of five fluorescent tubes on the ceiling, controlled by a timer circuit; 
and (2) two sets of six tubes for progressive increase/decrease in light inten
sity, located at each extremity of the room, controlled by a timer circuit 
which simulated twilight lasting approximately Vi hour. 

During artificial night periods, red lights permitted visibility of the in
terior of the cubicles. 

The daily variations in light closely approximated those of Madagascar. 
We chose to assign the longest days (i.e., those of austral summer) to the 
summer months of the northern hemisphere, in order to facilitate 
temperature regulation. This required the animals, most of which were 
recently imported at the beginning of the experiment, to readjust their 
seasonal physiological cycles during the first months, as will be seen. 
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Since all the animals were nocturnal, the periods of obscurity were ar
ranged so that daily care of the animals took place at the beginning of the 
working day, before behavioral observations. 

Temperature and Humidity 

Heating was provided by a central heating system. The cooling of the 
room during the dark period was accomplished by a thermostat-controlled 
ventilator yielding a daily variation of 5-8°C which is less than that found 
in the natural environment (10-15°C). Temperatures generally varied be
tween 24° and 30°C during the periods of long daylength (compared to 21° 
and 35°C in the Marosalaza forest, austral summer) and between 17° and 
30°C during the periods of short daylength (compared to 12° and 30°C in 
the Marosalaza forest, austral winter, see Chapter 1). 

No systematic effort was attempted to regulate humidity which remained 
comparatively low: 25-70% during the period of long daylength, and 
10-40% during that of short daylength. In natural conditions, the variation 
is between 40 and 100% during the austral summer. 

Feeding 

The animals were fed mainly fruits: apples, pears, bananas, oranges, 
various fruits during the summer, lettuce, and the G3 Lemur cake (com
position: semolina, white cheese, butter, eggs, sweetened condensed milk, 
fructose, glucose, salt, and vitamins; Hladik, 1978). In addition, the 
animals occasionally received spiced bread, insects, vitamin-enriched milk, 
meat, dates, and cereals. 

Food consumption in each cubicle was calculated daily according to the 
difference between the weight of food distributed and that of food remain
ing (the latter weight was obtained the next morning and multiplied by a 
correction coefficient corresponding to dessication; for details, see Chapter 
8). From these data, the intake in terms of kilocalories was calculated from 
standard tables. 

Observations and Records 

Each cage was furnished with branches and nest-boxes, rest-platforms 
and feeding-platforms equipped with electrical contacts enabling the 
animal's activity to be recorded. Cumulative and hourly counters recorded 
the number of events and allowed calculation of circadian and annual ac
tivity (see Chapter 7 for technical details). 
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The animals were weighed monthly, genital organs examined, size of the 
testicles measured, and rectal temperatures were recorded with a mercury 
thermometer. Tail volumes of Microcebus and Cheirogaleus were estimated 
by measuring the volume of water displaced by immersion. During periods 
of sexual activity, females were examined more often, although frequent 
manipulations were avoided as far as possible, to ensure successful 
reproduction which was one of the objectives of these studies. 

RESULTS 

As mentioned above, photoperiodic cycles in captivity were inverse to 
that of Madagascar. Thus, in order to make comparisons with field studies, 
it is necessary to take into consideration the fact that the months of 
December and January (period of rest and torpor for some of the animals) 
correspond to June-July in Madagascar (austral winter). 

Body Weight 

Microcebus murinus 

The Microcebus observed during this study showed a distinct fattening 
during each winter period, in 1973-1974 and 1974-1975 (Fig. la). Since 
these animals changed hemisphere in December 1972, the first months of 
1973 were marked by adjustment to the new annual photoperiodic varia
tion, the phase of which is shifted 6 months relative to the preceding one. 
This period of synchronization appears in Fig la as irregular variations in 
individual body weights. 

During this period, the beginning of fattening which normally would 
have occurred for austral winter (May-June), may be clearly distinguished. 
However, the animals underwent a weight loss in April, which is due to a 
lengthening of the photoperiod. In July, synchronization with the new 
photoperiod seems to have been achieved. The low body weights recorded 
during July and August may result from either the beginning of the active 
period in the southern hemisphere or the end of this period in the northern 
hemisphere. In October all the animals showed a weight increase, in this 
case as a result of the decreasing photoperiod. 

During the period of fattening, the volume of the tail of Microcebus in
creased from 5 to 20 cm

3
. This increase of volume, however, began earlier 

and less abruptly than that of body weight, and also persisted during a 
longer period of time. 
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Cheirogaleus medius 

The change of hemisphere resulted in almost complete fusion of the 
period of fattening (which had already begun in April, corresponding to 
the effect of the Malagasy photoperiodic variation) with that which nor
mally occurs in August due to the photoperiodic variation of the northern 
hemisphere. This fusion (Fig. lb) was actually facilitated by the fact that 
autumnal weight-gain occurs approximatively 2 months earlier than that of 
Microcebus, and may be seen by comparing the curves of body weight for 
the two species during the following two seasons (Fig. la and b). 

Microcebus coquereli 

The body weight of this species did not present any marked seasonal 
variation under our experimental conditions (Fig. lc). 

Phaner furcifer 

No very distinct seasonal weight variation was observed in this species. 
However, slight tendency of weight increase was observed between 
November 1974 to January 1975, followed by a decrease from February to 
April (Fig. Id). This variation occurred at the same time as those of 
Microcebus and Cheirogaleus and may indicate a possible physiological cy
cle, but of lesser importance. 

Lepilemur ruficaudatus 

The weight curves of the two males observed showed little variation in 
proportion to the total body weight (Fig. le). A slight decrease in body 
weight occurred during the months of sexual activity (November to 
January). 

This species is distinguished from the others by the fact that the period of 
mating in Madagascar occurs toward the end of the period of decreasing 
daylength as can be seen by the period of estrus and testicular variation. 

A more representative comparison between the different species can be 
obtained by examining the percentage monthly variation of body weight in 
relation to the annual mean (calculated for the 2-year period, September 
1973-September 1975, except for Microcebus murinus) as shown in Table 
I. Only Microcebus murinus and Cheirogaleus medius undergo an ap
preciable variation: up to 20% weight loss or gain depending on the season. 
In Microcebus coquereli and Phaner furcifer, the variation did not usually 
exceed±5%. In Lepilemur ruficaudatus variations were slightly more im
portant and suggest an annual cycle which is inverse to that of M. murinus 
and C. medius. 



TABLE I 

Mean Monthly Values for Body Weight (gm) and as a Percentage Difference from the Annual Mean in Five Nocturnal Prosimian 
Species 

Microcebus Cheirogaleus Microcebus Phaner Lepilemur 
murinus medius coquereli furcifer ruficaudatus 

Ν = 5° Ν = 2

b 
Ν = \

a 
Ν = 3

b 
Ν = 2

b 

Month Weight Percent Weight Percent Weight Percent Weight Percent Weight Percent 

Jan . 117.4 + 14 295 - 4 359 0 493 + 7 722 - 5 

Feb . 106.2 + 3 293 - 4 345 - 4 473 + 3 742 - 3 

Mar . 99.6 - 3 289 - 6 347 - 3 459 0 760 - 1 

Apr . 90.8 - 1 2 279 - 1 0 356 0 448 - 3 781 + 2 

May 84.8 - 1 7 276 - 1 1 367 + 2 445 - 3 794 + 4 

June 91.6 - 1 1 285 - 8 365 + 2 445 - 3 791 + 3 

July 90.8 - 1 2 297 - 3 364 + 2 459 0 800 + 5 

Aug . 90.6 - 1 2 347 + 12 361 + 1 469 + 2 794 + 4 

Sept. 93.4 - 9 374 + 21 356 0 449 - 2 758 - 1 

Oct . 124.8 + 21 344 + 11 366 + 2 445 - 3 777 + 2 

Nov . 122.0 + 18 322 + 4 368 + 3 462 0 745 - 2 

Dec. 122.4 + 18 305 - 1 349 - 2 480 + 4 707 - 7 

Annual 
mean 103 309 358 460 764 
a
 During 1 year. b
 During 2 years. 
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Temperatures 

The recorded rectal temperatures in M. murinus varied between 35° and 
40°C during the summer, and between 28° and 38°C during the winter. In 
C. medius, temperatures varied between 33° and 38°5C in summer and be
tween 31° and 37°C during the winter. In all other species, rectal 
temperatures were maintained between 35° and 39°C throughout the year. 

More recent observations concerning M. murinus and C. medius have 
shown that internal temperature may decrease to as low as 15°C during the 
winter under appropriate conditions (J. J. Petter, personal communica
tion). 

Activity 

Total activity was calculated as the sum of all locomotor activity events 
as shown by the recording system. 

The variation of the average monthly records of activity per hour was 
studied in relation to the yearly cycle. In order to be able to compare the 
results obtained from the different cubicles, regardless of the number of 
electrical contacts or animals present, the monthly percentage of the annual 
total was calculated (Table II). 

In Cheirogaleus medius, the months of maximum activity were May, 
June, and July. Activity abruptly increased between April and May. Be
tween July and August, activity suddenly decreased which corresponded to 
the period of rapid weight gain preceding winter (Fig. lb). 

In Microcebus murinus, the decrease of activity is more progressive and 
falls below the annual average in October. Activity is greatly reduced be
tween November and February and increases during the summer months. 

In Phaner furcifer, Microcebus coquereli, and Lepilemur ruficaudatus, 
the activity level does not show significant variations during the year, 
although there is a slight decrease during the coolest months. In M. co
quereli, a distinct increase occurs during the period of estrus. 

Food Consumption 

Food consumption was calculated weekly in kilocalories, for each species 
between April 1973 and April 1975. The results are presented as weekly 
averages for each month in kilocalories per 100 gm of body weight, to 
allow comparison between different species (Table III). 

The average monthly intake varies greatly throughout the year in 
Microcebus murinus. The minimum intake was during November to March 
while the maximum was in September. In Cheirogaleus, the maximum was 
in August and the minimum was attained in October. 



TABLE II 

Annual Variation of Activity in Five Nocturnal Prosimian Species Presented as the Monthly Total Number of Events Recorded, Mean Activity per Hour , 
and the Monthly Percentage of Annual Activity 

Microcebus murinus Cheirogaleus medius Microcebus coquereli Phaner furcifer Lepilemur ruficaudatus 

Total Mean Percentage Total Mean Percentage Total Mean Percentage Total Mean Percentage Total Mean Percentage 
per per per per per per per per per per per per per per per 

month hour year month hour year month hour year month hour year month hour year 

Jan. 475 1.1 1 876 2.5 1 12331 30.6 2 40002 9,9 4 3719 9.2 3 
Feb. 1019 2.1 2 1097 3.2 2 23093 68.6 4 3869 11.5 5 5958 17.6 6 
Mar. 701 2.0 2 2209 6.5 4 40293 114.7 7 5334 15.0 7 9579 27.2 10 
Apr. 578 2.4 2 3038 9.4 6 59901 185.7 12 5001 15.4 7 5558 17.2 6 
May 3008 9.5 9 11636 36.9 23 66823 211.9 13 6735 21.3 10 7156 22.6 8 
June 5438 18.4 18 8292 44.3 28 47829 256 16 6069 20.5 16 10185 34.5 12 
July 6172 20.6 21 9001 30.0 19 36077 120 7 7609 25.3 11 12492 41.7 15 
Aug. 5183 16.7 17 2865 9.2 6 53722 173 11 5004 16.1 7 7656 24.7 10 
Sept. 4399 13.9 14 1787 5.6 3 37989 120 8 7395 23.4 11 8414 26.7 10 
Oct. 2834 8.3 8 1110 3.3 2 41718 122.7 8 8246 24.2 11 8286 24.3 9 
N o v . 1045 3.0 3 1102 3.2 2 45448 130 8 6998 20 .0 9 7061 20 .0 7 
Dec. 650 1.7 2 948 2.5 1 23749 62.5 4 6074 16.0 7 3676 9.6 3 



TABLE III 
Mean Weekly Food Consumption, in Kilocalories per 100 gm of Body Weight Calculated for Each Month of the Y e a r

0 

Microcebus murinus Cheirogaleus medius Microcebus coquereli Phaner furcifer Lepilemur ruficaudat us 

Monthly Monthly Monthly Monthly Monthly 
Month 1973 1974 1975 mean 1973 1974 1975 mean 1973 1974 1975 mean 1973 1974 1975 mean 1973 1974 1975 mean 

Jan. 50 52 51 47 54 50 121 115 118 78 98 88 66 73 69 
Feb. (60) 68 64 (60) 48 54 (134) 127 130 (84) 91 87 (77) 74 75 
Mar. 89 79 84 100 40 70 128 141 134 88 86 87 67 71 69 
Apr. 122 118 109 116 104 84 55 81 104 158 151 138 92 98 99 96 73 82 78 78 
May 117 141 129 102 92 106 100 143 125 134 97 94 95 74 70 72 
June (67) ± 126 126 (52) ± 134 134 (97) ± 114 114 (84) ± 93 93 (47) ± 67 67 
July 85 ± 104 163 135 127 186 156 102 102 58 58 
Aug. 141 220 180 161 201 181 150 184 167 111 128 119 92 92 92 
Sept. (228) 235 246 239 (62) 54 105 74 (194) 155 174 (95) 91 132 106 (76) 73 91 80 
Oct. 177 179 178 54 57 55 139 139 91 98 94 59 95 83 
Nov . 65 56 60 49 48 48 151 159 150 106 118 112 52 57 54 
Dec. 32 51 41 54 45 49 104 142 123 102 113 107 44 60 55 

Annual 115 86 140 99 71 
mean (kca l /week /100 gm body weight) a

 Values in parentheses were calculated from only 1 or 2 weeks of the m o n t h . Values with ± were considered abnorma l , due to extraneous factors 
and were not included in mean calculation. 



6. Seasonal Rhythms in Nocturnal Prosimians 147 

In Lepilemur ruficaudatus, Phaner furcifer, and Microcebus coquereli, 
food consumption varies little. However, there is a slight increase in food 
intake between July and October, and a decrease during the coolest 
months. 

There are important differences in the annual mean consumption in 
kilocalories per week per 100 gm (Table III). The highest value is that of M. 
coquereli (140 kcal), while the lowest is that of L. ruficaudatus (71 kcal). 
This difference corresponds to both the general activity level of the 
animals, (the former being the most active, the latter being the least active) 
and the difference in body weight. In general, the larger species show a 
lower rate of food consumption corresponding to a relatively lower 
metabolism. However, the two species which show periods of lethargy (M. 
murinus and C. medius) have annual values lower than expected according 
to body weight. 

Sexual Activity 

The occurrence of estrus and variations in the size of testicles were 
observed in all species (Fig. 1). Only Cheirogaleus medius showed an in
complete sexual cycle. 

Microcebus murinus 

Estrus occurred between May and August in the four females studied 
during 1974. Normal testicular development in the male was observed be
tween April and September. This sexual cycle corresponds to previous 
observations of Microcebus in captivity, and has already been described in 
detail (Petter-Rousseaux, 1970). A birth occurred in July 1976. 

Cheirogaleus medius 

In C. medius, only slight testicular development was observed in the 
male (May-June, Fig. lb). During the 3 years of observations, no sexual 
cycle was noted in the female. 

Microcebus coquereli 

During the period of sexual activity, the external genital organ of M. co
quereli is similar in morphology to that of M. murinus (lengthened clitoris, 
vulva completely closed). During estrus the same modifications as in M. 
murinus may be observed: swelling and reddening at the base of clitoris, 
followed by opening of the vulva for several days. 

The first estrus appears in April; a second estrus may follow about a 
month later if gestation does not occur. The period of gestation lasts for 3 
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months. If the newborn does not survive, another estrus may occur the 
following month. Births took place on the following dates: 

1973: August 1 
1974: July 1, and November 1 
1975: July 14, and November 20 

In males, distinct variations in the length of the testicles were observed, 
and the period of regression lasted only for 1 or 2 months. 

Phaner furcifer 

In one of the females, estrus occurred only once per year. The other 
female presented a series of four or five estrus per year (Fig. Id). Sper-
matozoid traces were twice found in the vaginal smears. 

The external aspect of the genital organs was the same as that of the 
other Cheirogaleinae studied. Estrus began toward January 15. The vulva 
remains open for only 2 or 3 days and the preparatory period of swelling 
and reddening was equally very limited. Estrus occurred at fairly regular in
tervals of about 15 days. 

In the male, testicular variation is slight and difficult to evaluate reliably. 
However, the testicles appear to increase in size between January and 
March. 

Lepilemur ruficaudatus 

The two Lepilemur females arrived in March 1974, and thus it was only 
possible in September to form two couples with the two males which were 
in captivity since January 1973. 

After their arrival the females were maintained in conditions of long 
daylength in order to inhibit their sexual activity which would have 
developed in May under the Malagasy photoperiod. The females were in
troduced into the males' cages during the period of decreasing daylength, 
the normal period for mating. One of the females showed two periods of 
estrus in November and in January. 

Estrus is characterized by the swelling and the pinkening of the edges of 
the vulva, which opens widely. As in Cheirogaleinae, the vagina is closed 
during the period of sexual inactivity. The occurrence of estrus in winter, 
(Fig. le), is corroborated by previous observations of a female in natural 
light conditions of the northern hemisphere, in which estrus occurred on 
December 19 and February 10. 

In the male, there is a distinct variation in the size of the testicles. 
However, during the 3 years of the experiment, the volume never attained 
that which is observed in nature. The testicles develop between November 
and March, thus during the season opposite to that of Cheirogaleinae. Dur
ing the first year of captivity, a slight testicular development was noticed in 
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May, corresponding to that which would have normally occurred in 
Madagascar. Mating was observed on November 9, 1974. 

A birth took place the year following the experiment, on June 2, 1976. 

DISCUSSION 

The five species studied in captivity were raised in an environment pro
viding less overall annual variations than those which normally occur in 
nature. Although lighting could be accurately controlled, modifications of 
temperature and humidity were incompletely reproduced. 

In addition, food availability and composition were roughly constant 
throughout the year, a significant contrast from field conditions: this fact 
must thus be taken into consideration for interpretation of the results. For 
example, the regular food supply and possibly the high nocturnal temper
atures in winter, may have been responsible for the high weight gains 
observed in Microcebus murinus and Cheirogaleus medius compared to 
field records. 

The social life of the animals was certainly also disturbed by the limited 
space. In their natural habitat, the home range varies from 1000 to 4500 m

2 

depending on the species (see Chapters 2 and 4). However, neither the small 
size of the cages nor the proximity of other individuals resulted in abnor
mal behaviors of the animals during captivity. 

The mean monthly results concerning weight variations, food intake, 
and general activity, for the five species are summarized in Fig. 2. 

Two species, Microcebus murinus and Cheirogaleus medius, may be 
distinguished by the presence of distinct physiological cycles, concerning 
food intake, body weight, temperature regulation, and activity. In addi
tion, only these two species show definite periods of "lethargy" and/or 
"hibernation." In M. murinus the period of lethargy, observed both in the 
laboratory and in the field (during austral winter), is preceded by increased 
food intake and the accumulation of fat reserves in the body and the tail 
(30% increase in body weight in 1 month), and a decrease in activity. 
Subsequently, lethargy is characterized by extremely reduced activity, 
decreased food intake, and the possibility of reduced body temperature 
during the day and eventually for several consecutive days and nights. 
Although this last feature was not observed during the present study, M. 
murinus has recently been shown to remain totally inactive for periods of 
2-3 days during which body temperature decreased (minimum body 
temperature recorded: 15°C). 

Cheirogaleus medius also shows these variations, but the physiological 
changes preceding lethargy occur 2 months earlier than in M. murinus. The 
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Fig. 2. Mean monthly variat ions in body weight (percentage deviation from the annual 
mean ; solid line), food consumpt ion (kca l /week/100 gm of body weight, dashed line), and of 
general activity (percentage of total annual activity, stippled area) in five prosimian species. 

decrease in activity was more abrupt, but the increases in food intake and 
body weight were more progressive. However, in the case of Cheirogaleus 
medius a phase of hibernation occurs which has been observed in the 
Marosalaza forest (Chapter 2). This phase was not obtained during the pre
sent experiment, probably due to insufficiently low temperature during 
winter. In fact, since the time of this study normal hibernation (and also 
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births) hav e bee n observe d i n Cheirogaleus  medius  subjecte d t o winte r 
temperatures a s lo w a s 12°C . Th e animal s wer e totall y inactiv e fo r 6 
months, an d bod y temperature s wer e clos e t o tha t o f th e externa l environ 
ment (J . J . Petter , persona l communication) . 

Previous studie s concernin g Microcebus  murinus  an d Cheirogaleus 
medius (Bourlièr e et  al.,  1956 ; Russell , 1975 ; Andriatsiferan a an d Rahan -
draha, 1974 ; Chevillard , 1976 ) hav e als o show n tha t bod y temperature s ca n 
decrease t o ver y lo w value s i n appropriat e conditions . 

Thus, thes e tw o Cheirogaleina e resemble , i n certai n respects , hibernatin g 
mammals i n whic h sudde n an d marke d weigh t gain s ar e wel l documented , 
e.g., Citellus  (Pengelle y an d Asmundsen , 1969) ; Spermophilus  lateralis 
(Heller an d Poulson , 1970) ; Marmotta  monax  (Davis , 1967) ; Cricetus 
cricetus (Canguilhe m et  ai,  1973 ) an d fo r whic h i t ha s bee n show n tha t 
physiological rhythm s als o depen d o n externa l factors , whic h hav e a  syn 
chronizing role , suc h a s th e photoperio d o r temperature . A s i n th e cas e o f 
these species , th e physiolog y o f M.  murinus  an d C . medius  enable s the m t o 
efficiently fac e a n unfavorabl e seaso n characterize d b y lo w temperatur e 
and foo d scarcity . 

The thre e othe r species , Microcebus  coquereli,  Phaner  furcifer,  an d 
Lepilemur ruficaudatus,  d o no t presen t an y perio d o f lethargy . Th e sligh t 
annual variation s observed , whic h ma y b e mor e pronounce d i n th e natura l 
environment du e t o seasona l foo d scarcity , di d no t sho w th e characteristi c 
peaks see n i n th e tw o previou s species , an d thu s suggest s a  differen t typ e o f 
physiological respons e t o seasona l changes . 

The specie s sexua l cycle s wer e synchronize d b y th e photoperiod . Al l 
species reverse d thei r perio d o f sexua l activit y onc e subjecte d t o th e 
photoperiodic variation s o f th e norther n hemisphere . Th e phas e o f adapta 
tion laste d approximatel y 6  month s (Januar y t o Jul y 1973) . Thi s i s bes t il 
lustrated b y Lepilemur  ruficaudatus  i n whic h testicula r developmen t oc 
curred i n May-June , an d agai n i n November-Decembe r 197 3 (Fig . le) . Th e 
behavior o f th e differen t specie s durin g thi s period , a s wel l a s th e duratio n 
of th e perio d varie s wit h th e individual , an d depend s o n th e seaso n durin g 
which th e hemispher e chang e occur s (Petter-Rousseaux , 1974) . 

The period s o f matin g (correspondin g t o period s o f estru s an d testicula r 
enlargement, se e Fig . 1 ) an d th e duratio n o f th e perio d o f gestatio n resul t i n 
that th e youn g o f al l specie s begi n t o fee d whe n foo d resource s ar e mos t 
abundant i n natura l condition s (austra l summer) . Fo r example , i n 
Lepilemur ruficaudatus  whic h ha s th e longes t gestatio n perio d (4- 5 
months) th e matin g seaso n occur s earlie r tha n tha t o f th e othe r species . 

The persistenc e o f th e variou s cycle s i n simulate d ligh t condition s 
demonstrates tha t the y ar e no t simpl e reaction s t o short-ter m change s i n 
food an d climati c conditions . Th e photoperio d appear s t o b e th e syn -
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chronizing facto r wherea s othe r externa l parameter s (particularl y temper 
ature) conditio n th e ful l expressio n o f physiologica l reaction s externall y 
manifested b y activit y an d torpor , an d internall y b y sexua l maturatio n a t a 
given time . 

These differen t geneticall y fixe d potentia l reaction s pla y a  majo r rol e i n 
each specie s adaptiv e strateg y t o th e contrastin g seasona l condition s o f th e 
West Coas t o f Madagascar . 
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7 Annual Variations in the Circadian 
Activity Rhythms of Five Sympatric 
Species of Nocturnal Prosimians in 
Captivity 

E. PAGES and A. PETTER-ROUSSEAUX 

INTRODUCTION 

The five species of nocturnal prosimians compared in the present study 
(Microcebus murinus, Microcebus coquereli, Cheirogaleus medius, Phaner 
furcifer, and Lepilemur ruficaudatus) exist sympatrically in the deciduous 
forest of Marosalaza, on the West Coast of Madagascar. 

The climate of this region is marked by a hot and humid summer 
(average temperature, 28°C), during which the vegetation and insect 
populations flourish, and a cool dry winter (average temperature, 20°C) 
during which animal and vegetal food resources are greatly reduced (see 
Chapter 1). 

In order to understand both the mechanisms of each species adaptation 
to the conditions of seasonal variation and the extent of interspecific com
petition, complementary ecophysiological investigations were undertaken 
both in the field and in the laboratory. Part of this study concerning 
reproduction, activity rhythms, and body weight is reported in Chapter 6. 

Initial field studies have shown that activity rhythms depend on external 
factors, such as light intensity (Pariente, 1974) but that variations 
throughout the night during different seasons may characterize certain 
species (Chapter 4). 

Accordingly, the present study was directed toward answering the 
following questions: 

1. Are the five species strictly nocturnal in activity throughout the en
tire year? 

2. Are there variations of activity during the night, and do these pat
terns vary within and between species during the yearly cycle? 
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3. Are the species cycles in captivity similar to those observed in the 
field? 

4. What factors determine the onset and cessation of activity? 

METHODS 

Housing and Climate Control 

During a period of 2 years, observations and recordings were made on 
the five species housed in the same room. Each cage, which measured 
about 3 χ 2 χ 2 m, was constructed with glass walls and wire mesh roofs 
permitting visual, auditory, and olfactory contacts. 

The various species were distributed in the cages according to social 
structures and inter-individual tolerance, in the following manner: 

1. Microcebus murinus: one male and four females 
2. Microcebus coquereli: one male-female pair with a young, and one 

isolated male in an adjoining cage 
3. Cheirogaleus medius: one male-female pair 
4. Phaner furcifer: one male and two females 
5. Lepilemur ruficaudatus: two males only in 1973-74; two male-

female pairs in 1974-75. 
The climatological changes recorded in the Marosalaza forest (Chapter 

1) were reproduced in the animal house as much as was practically possible, 
with a 6-month difference. Variations in the photoperiod were controlled 
by electric timers including the half hour periods of "dawn" and "dusk" 
(see Chapter 6 for details). 

During the artificial night period, 25-W red lamps provided sufficient 
light to make observations possible without disturbing the animals. 

Temperature was regulated by thermal heaters (during the day) and by 
thermostat-controlled ventilators (during the night). This system allowed 
control of daily temperature cycles, and produced a mean of 28°C during 
the day, and 25°C at night in summer, while in winter, day and night 
temperatures were 27° and 21 °C, respectively. 

The relative humidity remained fairly low (as compared to field condi
tions), with a mean of 42% in summer and 24% in winter. 

Recording of Activity 

The animals' activities were automatically recorded by electrical 
microswitches located at specific places within each cage (Fig. 1). When the 
animal's movement was detected by closure of one of the microswitches, 
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Fig. 1. A view of the recording system, inside a cage of Microcebus murinus. Ar rows 
show location of microswitches (photo by C . M . Hladik) . 

the signal was recorded both on an event recorder and by a numerical 
counter. Accordingly, both the total activity and nightly distribution were 
noted each day. 

Before any records were made, a preparatory period was imposed which 
included: 

1. A 9-month period of habituation of the animals to cages 
2. A 3-month observation period during which the preferred itin

eraries were determined. In practice, the animals prefer certain locations 
and regularly return to these sites. 

3. A one and one-half-month period for introduction and checking of 
the electrical recording system. 

Four categories of behavior were recorded: 
1. Nesting: each cage contained one nest-box equipped with a 

microswitch, except for the cage of Microcebus murinus in which there 
were six equipped nest-boxes. 

2. Rest-period: One platform equipped with a microswitch was pro
vided in the cages of Lepilemur ruficaudatus and Phaner furcifer. There 
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were two platforms for the other species. In practice, these serve as perches 
for resting during the night. 

3. Feeding: The feeding boxes of all cages were also equipped with 
electrical contacts. 

4. Locomotor activity: There were two contacts per cage, except for 
the two species of Microcebus, for which there were three contacts, placed 
on branches frequently chosen during locomotor activity. 

For each category of behavior, the number of recordings was used as an 
indication of activity. Since the number of animals and contacts are dif
ferent in each cage, the results do not permit comparison of absolute 
values. However, within each species, the variations in activity during the 
night and throughout the year can be determined and subsequently the 
relative patterns can be compared between species. 

RESULTS 

In order to facilitate temperature regulation, the artificial seasons cor
responded to that in Paris, and thus the photoperiod is inverse to that in 
Madagascar. Accordingly, the results obtained in captivity in December-
January (boreal winter) should be compared to field observations made in 
June-July (austral winter) and vice-versa. 

Onset of Activity (Fig. 2; Table I) 

The five species are strictly nocturnal. However, occasionally animals 
left the nest before the lights were turned off. This happened during 
periods of intensive food intake (the animals can eat as soon as the food is 
provided) or during periods of sexual activity (estrus). These premature ex
its were exceptional and never marked the beginning of continuous night
time activity. For instance in June, the mean time of onset of activity of 
Microcebus murinus, which occurred 10 minutes before twilight, was due 
to a few records of early exits probably corresponding to estrus periods. 

The species may be divided into two categories with respect to the onset 
of activity: 

1. Activity always begins during evening twilight throughout the year 
for three species: Phaner furcifer, Lepilemur ruficaudatus, and Microcebus 
coquereli. In these species, the actual hour of exit from the nest varied 
greatly (60-90 minutes) throughout the year, in relation to the 70 minute 
difference between the beginning of dusk in winter as compared to 
summer. 
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half and the second half of March show a sudden change in activity. 

2. In the case of Microcebus murinus, the exit from the nest occurred 
during the evening twilight only during the period from March to October, 
after which the animals left the nest later and irregularly. Cheirogaleus 
medius always left the nest after dusk. In December and January, both 
species emerged from the nest for only short periods of time, or even re
mained in the nest for several consecutive days. In February-March, they 
reappeared more frequently, and toward March 15, suddenly readopted the 
summer rhythm, Microcebus leaving the nest during dusk, and Cheiro
galeus half an hour later. This sudden change in behavior is represented by 
two plots for the month of March (Fig. 2). 

Cessation of Activity (Fig. 2; Table II) 

During the period of April to September, the time of return to the nest is 
similar for the five species and depends on the twilight period, with varia
tions being less than 30-45 minutes. 
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TABLE I 

Time of Onset of Activity (Mean and Standard Deviation in Hours/Minutes) in Five Nocturnal Prosimians 

Time of Microcebus Cheirogaleus Microcebus Phaner Lepilemur 
M o n t h lighting off murinus medius coquereli furcifer ruficaudatus 

Jan . 9:50-10:15 Incomplete da ta 10:00 0.12 10:15 0.11 
Feb . 10:00-10:20 10:50 0.25 Incomplete da ta 10:15 0.18 10:35 0.15 
Mar . 10:10-10:40 10:50 0.32 11:10 0.18 10:25 0.10 10:20 0.12 10:20 0.13 

10:20 0.16 10:45 0.16 
A p r . 10:15-10 45 10:30 0.18 11:00 0.16 10 40 0.10 10:25 0.19 10:35 0.15 
May 10:30-11 00 10:45 0.13 11:15 0.13 10 55 0.11 10:40 0.13 10:45 0.13 
June 10:50-11 20 10:40 0.19 11:25 0.18 11 05 0.09 10:55 0.15 10:55 0.16 
July 11:00-11 30 11:15 0.06 11:35 0.13 11 35 0.16 11:25 0.29 11:05 0.21 
Aug . 11:00-11 30 11:15 0.06 11:50 0.15 11 40 0.27 11:30 0.10 11:10 0.19 
Sep. 10:50-11 20 10:55 0.23 11:35 0.29 11 05 0.15 11:10 0.13 10:50 0.22 
Oct . 10:30-11 00 11:00 0.13 12:00 1.11 11 10 0.09 10:55 0.08 10:55 0.14 
Nov. 10:00-10 30 11:00 1.19 11:10 0.29 10 15 0.12 10:05 0.08 10:20 0.16 
Dec. 9:50-10 10 9 55 0.49 10:00 0.55 9:50 0.31 

158 



TABLE II 

Time of Cessation of Activity (Mean and Standard Deviation in Hours/Minutes) in Five Nocturnal Prosimians 

Time of Microcebus Cheirogaleus Microcebus Phaner Lepilemur 
M o n t h lighting on murinus medius coquereli furcifer ruficaudatus 

J a n . 22:25-22:50 Incomplete da ta 21:40 0.37 21:32 0.32 
Feb . 22:30-22:50 20:40 0.44 Incomplete da ta 21:40 0.17 21:40 0.41 
Mar . 22:00-22:30 20:15 1.03 20:15 1.06 21:40 0.28 21:45 0.17 21:40 0.24 

21:40 0.26 21:40 0.17 
A p r . 21:30-22:00 21:40 0.25 21:10 0.26 21:15 0.18 21:20 0.18 21:25 0.06 
May 21:10-21:40 21:30 0.12 20:55 0.18 21:00 0.13 21:20 0.20 21:20 0.10 
June 21:10-21:30 21:30 0.24 21:00 0.12 21:00 0.21 20:55 0.20 21:45 0.51 
July 21:10-21:40 21:35 0.07 21:15 0.16 21:15 0.20 21:15 0.23 21:45 0.18 
Aug . 21:30-22:00 21:45 0.13 21:15 0.15 21:35 0.15 21:10 0.25 21:40 0.10 
Sep. 21:50-22:20 21:50 0.33 21:00 0.44 21:40 0.20 21:45 0.16 21:40 0.45 
Oct . 22:00-22:30 21:20 0.54 21:10 0.54 21:25 0.25 21:40 0.15 21:50 0.57 
Nov . 22:10-22:40 20:05 1.58 20:55 0.42 21:10 0.49 21:30 0.23 22:00 0.24 
Dec. 22:20-22:45 21:30 0.41 21:45 0.50 22:05 0.43 
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From October to March, all species returned to the nest before morning 
twilight. However, Microcebus murinus and Cheirogaleus medius returned 
well before morning dawn and at irregular hours. Toward March 15, this 
behavior suddenly changed to resemble that of the other three species. 

Duration of Nocturnal Activity (Figs. 2 and 3; Table III) 

As a result of the above activity rhythms, the duration of activity varied 
throughout the year according to the total time of darkness. This appears 
in Fig. 3 in terms of percentage of the nighttime during which animals were 
active. In summer, animals were active at night and a part of the twilight as 
well. Conversely, in winter, the animals were not active for the entire night. 
In all species, the percentage of the nighttime utilized decreases in October-
November, as a result of the nights becoming longer while the active period 
of the animals was approximately constant. In November, after the night 
length is considerably increased, Microcebus murinus and Cheirogaleus 
medius entered into a period of lethargy whereas the three other species ex
tended their activity. 

Period of activity 
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Fig. 3 . Length of activity for five nocturnal pros imians , as a percentage of the total night
time period th roughout the year. 



TABLE III 

Mean Length of Period of Activity (with Standard Deviation in Hours/Minutes) and Percentage of the Nighttime Period in Five Nocturnal Prosimian 
Species 

Nighttime 
period 

(twilight 
added) Microcebus Cheirogaleus Microcebus Phaner Lepilemur 

M o n t h (hours) murinus medius coquereli furcifer ruficaudatus 

J a n . 13:00 Incomplete da ta 11:40 ± 0.33 8 7 . 7 % 11:05 ± 0.39 8 5 % 
Feb . 12:50 9:50 ± 0.39 7 6 % Incomplete da ta 11:25 ± 0.24 9 0 % 11:05 ± 0.42 8 8 . 4 % 
Mar . 12:20 9:35 ± 1.23 76 .6% 

11:20 ± 0.32 9 1 . 8 % 
9:05 ± 3.03 7 4 . 2 % 

10:55 ± 0.22 8 6 . 5 % 
11:15 ± 0.27 9 1 . 4 % 11:25 ± 0.19 9 2 . 2 % 11:20 ± 0.25 9 1 . 8 % 

Apr . 11:45 11:10 ± 0.31 9 6 . 9 % 10:10 ± 0.30 88 .2% 10:40 ± 0.25 9 0 . 8 % 10:55 ± 0.28 9 2 . 1 % 10:50 ± 0.16 9 1 . 7 % 
May 11:10 10:45 ± 0.18 9 4 . 1 % 9:40 ± 0.21 8 4 . 7 % 10:05 ± 0.16 9 0 . 5 % 10:40 ± 0.25 9 3 . 7 % 10:35 ± 0.20 9 3 . 2 % 
June 10:40 10:50 ± 0.30 101% 9:35 ± 0.28 89 .9% 9:55 ± 0.21 9 1 . 8 % 10:05 ± 0.24 9 6 . 6 % 10:50 ± 0.53 1 0 1 % 
July 10:40 10:20 ± 0.10 9 8 . 1 % 9:40 ± 0.28 90 .4% 9:40 ± 0.34 9 0 . 4 % 9:50 ± 0.21 9 1 . 3 % 10:40 ± 0.35 100% 
Aug. 11:00 10:30 ± 0.14 9 3 . 6 % 9:25 ± 0.18 8 4 . 1 % 9:55 ± 0.21 8 6 . 8 % 9:40 ± 0.28 8 5 . 4 % 10:30 ± 0.20 9 3 . 6 % 
Sep. 11:30 10:55 ± 0.24 93 .4% 9:25 ± 0.36 81 .9% 10:35 ± 0.24 9 1 . 6 % 10:35 ± 0.18 9 1 . 6 % 10:50 ± 0.29 9 2 . 9 % 
Oct . 12:00 10:20 ± 0.53 8 5 % 9:10 ± 1.17 7 5 . 8 % 10:15 ± 0.27 84 .6% 10:45 ± 0.15 8 7 . 1 % 10:55 ± 0.18 8 7 . 9 % 
Nov. 12:40 9:05 ± 2.48 7 3 % 9:45 ± 0.39 7 6 . 2 % 10:55 ± 0.51 8 5 . 1 % 11:25 ± 0.22 9 0 . 7 % 11:40 ± 0.34 9 1 . 9 % 
Dec. 12:55 11:35 ± 0.36 9 0 . 4 % 11:45 ± 0.37 9 1 . 2 % 12:15 ± 0.46 9 6 . 8 % 
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The longest periods of activity of Lepilemur ruficaudatus occurred in 
December-January, during the mating season. This explains the high 
percentage of nocturnal activity as compared to other species (Fig. 3). 
After March, the shorter nights appeared to impose a limit to the length of 
activity. 

Distribution of Nocturnal Activity (Fig. 4) 

Locomotor activity and feeding activity were computed separately since 
they did not follow the same patterns of nightly variations in different 
species. 

In Microcebus murinus, there was little variation in the hourly distribu
tion of activity during different periods of the year (Fig. 4a). Locomotor 
activity remained equally important throughout the night. In contrast, 
feeding activity presented a maximum at the beginning of the night. This 
pattern was still apparent in July, when feeding activity considerably in
creased. 

In Cheirogaleus medius, locomotor activity as well as feeding tended to 
be increased at the end of the night (Fig. 4b). 

In Microcebus coquereli, the most noticeable characteristic of the activ
ity graphs is the asymmetrical distribution during the period April to 
November (Fig. 4c). During this time, locomotor activity was concentrated 
during the first 6 hours of the night. The reduction of locomotor activity 
during the second half of the night did not actually correspond to a period 
of inactivity. During this time, the animal engaged in social activities as has 
been observed in captivity as well as in the field (Chapter 4). In January, 
when there was a minimum of overall activity (Chapter 6), this asymmetry 
was no longer apparent. As for Microcebus murinus, there was a maximum 
of feeding activity at the beginning of the night. 

In Phaner furcifer, the most important peak of locomotor activity also 
occurred during the first half of the night (Fig. 4d). This activity profile 
persisted throughout the year, but was slightly reduced in intensity from 
November to February. Feeding activity often followed an opposite pat
tern, but with only a slight difference between the beginning and end of the 
night. 

In Lepilemur ruficaudatus, locomotor activity varied little throughout 
the night (Fig. 4e). Feeding activity was most important in the first hours of 
the night, and progressively decreased afterwards. 

For any species, the overall activity may vary greatly from day to day 
and does not seem to follow any particular periodicity. Occasional peaks of 
activity often involved all the animals and might be explained by the easy 
intercommunication between cages. Nevertheless, the monthly means 
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Fig. 4 . Hour ly dis tr ibut ion of locomotor activity (stippled) and feeding activity (slashed) 

in five nocturnal pros imians , as shown by the number of individual microswitch recordings 
(due to part icular dis tr ibut ion of microswitches, the units of feeding activity cannot be com
pared to those of locomotor activity). The annua l mean for the different species is shown 
(stars) as well as the most characteristic pat terns of activity (monthly average). 
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presented in Fig. 4 show significant interspecific differences which are 
related to behavioral and/or physiological characters. 

DISCUSSION 

A strictly nocturnal rhythm of activity characterizes the five prosimian 
species included in the present study. The African lorisids have also been 
found to be active uniquely at night (Kavanau and Peters, 1976). In this 
respect, nocturnal prosimians differ from many rodents and insectivores 
which are mainly nocturnal, but can facultatively adopt a diurnal activity 
according to the season (O'Farrel, 1974). 

The beginning of activity at dusk was very regular in the five prosimians, 
and occurred shortly after sunset, whereas cessation of activity (which was 
more variable) occurred well before dawn. The synchronization of the 
animals' activity to variations in the photoperiod thus appears to be trig
gered by the evening twilight. Indeed, if differences in light intensity have a 
synchronizing role (Bunning, 1960), then in the case of prosimians, this ef
fect is likely to occur at evening dusk. 

Important increases in activity occurred at the time of estrus, particularly 
during the first half of the night, whereas no distinctive peaks were ob
served in the present experimental conditions during the rest of the year. 
Nevertheless, important peaks of activity have been observed in different 
species, in nature as well as in artificial conditions. Among rodents such 
peaks vary, depending on species and season (O'Farrel, 1974), and may 
persist in the absence of day-night light cycle synchronization (Chow and 
Brown, 1975). Although these rhythms thus appear to be "internally pro
grammed," they may be influenced by changes in social status (e.g., 
Peromycus, Farr, 1975; Rattus, Calhoun, 1975). In primates, Trach (1969) 
presented evidence for an "internal rhythm" in Papio papio, since activity 
remained bimodal in constant illumination. 

Patterns of activity shown for the five prosimians in this study, have also 
been observed in the field. In Microcebus murinus, Martin (1973) observed 
that most activity occurred in the first and last third of the night. In 
Lepilemur sp. periods of immobility lasting more than 2 hours were noted 
by Charles-Dominique and Hladik (1971), In contrast, Phaner furcifer is 
particularly active at the beginning of the night (Petter et al., 1971; Chapter 
3). Microcebus coquereli engages in different types of activities during the 
first and second half of the night, and includes rest periods which may last 
up to 1 hour (Chapter 4). 

Among the African Lorisidae, Galago demidovii presents two distinct 
peaks of activity, whereas the activity of Galago elegantulus and Perodic-
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ticus potto is more evenly distributed throughout the night (Charles-
Dominique, 1971, 1977). 

In diurnal prosimians, the bimodal distribution of activity appears to be 
dependent on the important variation of temperature during the daytime 
with a rest period in the midday, for instance, in Lemur catta (Jolly, 1966), 
Lemur macaco, and Lemur fulvus (Petter et al., 1977). Conversely, the 
regular decrease of the night temperature may impose a decrease in the ac
tivity in certain nocturnal species. 

Other external factors such as the cycle of the moon, or precipitations, 
may influence activity (Marten, 1973). In addition, internal factors also 
may be related to the activity rhythm, for instance, social motivations in 
M. coquereli (Pages, in prep.). 

During the present comparative study of the five Malagasy prosimians, a 
marked decrease in activity occurred in most cases between the first half 
and the second half of the night, but periods with complete absence of ac
tivity rarely occurred (except for C. medius and M. murinus during winter 
lethargy). This was probably due to the restricted space available in the 
cages since even limited movements were recorded. The same type of dif
ferential bias also exists for feeding activity records, due to the location of 
the feeding platform, which results in individuals feeding successively in
stead of simultaneously, thus increasing the duration of the feeding activ
ity. 

Nevertheless, the results provide supplementary indications concerning 
the occurrence of lethargy and hibernation in M. murinus and C. medius 
(Chapter 6). Beginning in October/November, the onset of activity no 
longer follows twilight (Fig. 2), resulting in a reduction of overall activity. 
In March the activity of both species coincides again with dusk. 

The specific patterns of activity found in the different nocturnal prosi
mians are not due to the environmental parameters of food availability 
since, in the present work, these conditions have been standardized 
(Chapter 8). Nevertheless, many relationships with the different "strate
gies" used by each species to cope with the variations in food availability in 
the natural habitat can be shown when comparing the results obtained in 
captivity and from field observations (see Chapters 2, 3, and 4). 

Feeding activity was more important at the beginning of the night in the 
two Microcebus species, while in C. medius, feeding behavior often oc
curred at the end of the night. Furthermore, during the active period (e.g., 
in July, Fig. 4) activity of C. medius was significantly more important dur
ing the second half of the night. This overall activity pattern is exactly the 
reverse of the other species (except perhaps L. ruficaudatus). 

It is noteworthy that M. murinus and C. medius are potential com
petitors, especially for invertebrate food. Different times of feeding may 



166 Ε . Pages and A . Petter-Rousseaux 

greatly reduce competition. In addition to this temporal separation, the 
significant difference in terms of the height of feeding also accounts for 
niche separation (Chapter 2). 

In M. coquereli as well as in Phaner furcifer, the patterns of distribution 
of activity throughout the night and their respective seasonal variations are 
also dependent on the particular social organization (Chapters 3 and 4). 
These patterns must thus be interpreted not only in terms of interspecific 
competition, but also in relation to intraspecific factors relating to ecology 
and social behavior. 
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8 A Comparative 
Study of Food Intake 
in Five Nocturnal Prosimians 
in Simulated 
Climatic Conditions 

A. PETTER-ROUSSEAUX and C. M. HLADIK 

INTRODUCTION 

The Morondava Programme has been developed to elucidate problems 
of adaptation concerning five nocturnal prosimian species living sym-
patrically in the dry forest of the West Coast of Madagascar (Petter, 1978; 
Chapter 2). Research at the laboratory of Brunoy was undertaken to sup
plement the field studies with accurate measures of certain parameters in 
standard conditions, in order to understand the mechanisms and processes 
of regulation of species adaptation. The success of the breeding colony 
allowed data collection on a long-term basis, concerning the five species: 
Microcebus murinus, Microcebus coquereli, Cheirogaleus medius, Phaner 
furcifer, and Lepilemur ruficaudatus. During 3 consecutive years, body 
weight, body temperature, locomotor activity, and sexual activity were 
continually observed (Chapter 6). The annual variation in the circadian 
rhythm of the different species has been analyzed and compared over a 
period of 2 years (Chapter 7). 

In the present study, we attempted to define the overall dietary tenden
cies of each species by adopting standard methods of comparison of food 
choices. In natural conditions, these tendencies are expressed against a 
highly variable background of the forest cycles of phenology and produc
tion (Chapter 1) and are thus difficult to quantify. The present study in ar
tificial conditions was necessary to determine whether species manifest 
characteristic food choices, and to what extent dietary choices vary 
throughout the year, independent of variations in food availability. 
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METHODS 

The animals were maintained in large cages constructed of glass and wire 
mesh, described in Chapter 6, and grouped according to intraspecific 
tolerance: five Microcebus murinus, three Microcebus coquereli, two 
Cheirogaleus medius, three Phaner furcifer, and two Lepilemur ruficau
datus in each of the cages. 

The climatic conditions in the animal house (see Chapter 6) approx
imated those which had been recorded in the Marosalaza forest, West 
Coast of Madagascar (see Chapter 1), with a 6-month difference. Accord
ingly, the summer months in France (June, July, August) corresponded to 
austral summer in Madagascar (December, January, February). 

Food intake was recorded over a period of 2 years according to the 
following procedure: A set of standard foods including salad and other 
leaves, different fruits, meal worms and other insects, and a protein-rich 
food [a cake of semolina and animal protein described by Hladik (1978a) as 
the G3 Lemur cake, or in some instances a mixture of milk and cooked 
cereals] was provided in each of the cages, daily, before the period of ar
tificial night. On weekends a quantity of food sufficient for 2 days was 
given. Water was always available in each cage. 

The different components of these "sets of foods" were separately 
weighed, as well as a control set. This control set served as a reference for 
food dessication, and was placed in the animal house adjacent to the cages. 
Before daily feedings, all food remaining from the previous day in the dif
ferent cages was carefully collected and weighed. The control set of food 
allowed calculation of the loss of water of the different components. From 
this data, the exact fresh weight ingested by the animals in the different 
cages could be calculated. 

Samples of the different foods were separately collected and dried in an 
electric oven at 60°C, to allow further biochemical analysis. 

During the 2-year period of experimentation the same set of food was 
provided (whenever possible) in each of the cages, and always slightly in ex
cess of the actual amount ingested, in order to allow each species to 
manifest its particular choice. Nevertheless, there were some variations 
depending on the fruits available seasonally, and the insect supply was not 
sufficient to provide each cage at regular intervals. In addition, during cer
tain periods of the year, the G3 Lemur cake could not be maintained in ex
cess of consumption. Accordingly, the comparisons were mainly based on 
the gross categories of food constantly available, which represent fairly 
homogeneous groups in terms of biochemical composition. 

The variations in food supply which could not be avoided were taken 
into consideration for the interpretation of the results. 
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RESULTS 

The annual food consumption of the different prosimian species has 
been calculated in terms of fresh weight, and the percentages of consump
tion of different food categories are shown in Table I. These results present 
slight differences with previously published data (Hladik, 1978b) which in
cluded only a 1-year sample of the same study case. 

If the major interspecific differences are obvious (for instance, 
Lepilemur feeding on leaves versus other nonleaf eating species), some 
other distinctions are more subtle (for instance, the relative proportions of 
banana and other fruit types eaten by the different species of Cheirog-
aleinae) and need further analysis in order to demonstrate that they reflect 
specific behavioral patterns. 

The resulting annual mean composition of the diet of the different 
species is shown in Table II, in terms of percentage of dry weight in protein 
and fat. Calculations have been done from standard tables complemented 
by the results of analysis of our samples (especially the G3 Lemur cake; see 
Hladik, 1978b). No valid comparisons for carbohydrates can be made since 
these values are generally given by subtraction from the total sample after 
protein and fat analysis. In fact, considering the marked differences in 
food choices between foods rich in fiber (leaves), containing large amounts 
of soluble sugars (apples and pears), or highly concentrated in sugar and 

TABLE I 

Percentage of the Actual Intake of Different Food Categories in Five Prosimian Species, Ac
cording to Individual Food Choices from a Standard Set of Foods, over a Period of 2 Years 

Percentage of fresh weight ingested (annual mean) 

Leaves Apples 
(salad and and Prote in cake 

Species others) pears Banana (G3) and others 

Cheirogaleus 
medius 0 22 50 27 

Microcebus 
murinus 0 9 42 49 

Microcebus 
coquereli 0 23 42 35 

Phaner 
furcifer 0 13 43 44 

Lepilemur 
ruficaudatus 51 31 0 18 
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TABLE II 

Composition of the Actual Diet of Five Prosimian Species, Ac
cording to Individual Food Choices from a Standard Set of 
Foods 

Species 

Percentage of dry weight (annual mean) 

Species Prote in Fat 

Cheirogaleus 
medius 9.2 6.7 

Microcebus 
murinus 11.6 8.0 

Microcebus 
coquereli 9.7 6.5 

Phaner 
furcifer 10.7 7.4 

Lepilemur 
ruficaudatus 12.8 7.2 

starch (bananas), a species difference in food composition is likely to be 
more important for carbohydrates than for other nutrients shown in Table 
II. In the absence of complete data allowing comparison of the car
bohydrate samples, the gross categories of food have been used to indicate 
specific patterns of food choice. It is noticeable, however, that Cheirog
aleus medius had the lowest rate of protein and fat intake as a result of a 
tendency to feed on carbohydrate-rich foods (banana), while the Lepilemur 
species which normally can survive on a very poor diet (Hladik and 
Charles-Dominique, 1974) presented the highest rate of protein intake dur
ing this experiment. 

In order to understand the relationships with different physiological 
cycles observed (Chapter 6) and the meaning of interspecific differences, 
variations throughout the year of the actual food intake of the different 
prosimians must be considered. Data presented in Table III have been 
grouped in four successive "seasons." The actual limits of these seasons 
were chosen according to the results of the study of specific activity pat
terns (Chapter 7), at the times where major changes occurred. The records 
of food consumption during these different periods, obtained in different 
cages, concerned groups of several animals of a given species. To allow in
terspecific comparison, the mean value of food intake (fresh weight) per 
week per 100 grams of body weight have been calculated. 

Since many parameters vary simultaneously (intake of various food 
categories by each species, during different seasons), the multivariable 
analysis according to the method of Benzecri (1965) (analysis of cor-



TABLE III 

Food Intake (in Grams, Fresh Weight, per 100 gm of Body Weight) in Five Nocturnal Prosimians, in Standard Conditions, during Different Periods of the 
Year (Roughly Corresponding to Seasons)

a 

December/January/February M a r c h / A p r i l / M a y June /Ju ly /Augus t September /October /November 
(Winter) (Spring) (Summer) (Autumn) 

Apples Protein Apples Protein Apples Protein Apples Protein 

Species Leaves and pears Banana cake Leaves and pears Banana cake Leaves and pears Banana cake Leaves and pears Banana cake 

Cheirogaleus 0 13 5 14 0 12 45 12 0 23 41 28 0 3 24 8 

medius + + + + + + + 

Microcebus 0 6 11 17 0 6 36 30 0 6 29 47 0 7 38 39 
murinus + + + + + 

Microcebus 0 27 44 26 0 30 65 57 0 25 41 34 0 24 39 43 

coquereli + + + + + + 

Phaner 0 11 22 29 0 5 36 30 0 6 29 29 0 11 26 29 

furcifer + + + + + + + + + 

Lepilemur 41 21 0 17 59 47 0 19 46 30 0 17 60 28 0 18 

ruficaudatus + + + + 

" Data concerning foods which were totally consumed in the cages during 1 month ( + ), 2 months ( + + ), or 3 months ( + + + ) are indicated for each season. 
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Cheirogaleus\ 

WINTER.leaves 
S P R I N G . I 
S U M M E R -
A U T U M N , leave s 

eaves 
eaves 

Phaner 

Fig. 1. Multivariable analysis (analysis of correspondences) of food intake in five prosi
mian species showing interspecific differences as a function of the different food categories 
eaten during different seasons (projection in the plane of first and second axis). 

j Lepilemur 

™ SLUM MER 2" 
I Phaner 
I cake 

A U T U M N 
Lepilemur \M. murinus 
leaves | apple 

\Cheirogaleus 

_|| M. coquereli-leaves 

Lepilemur \ M. murinus \M. coquereli Lepili 
app'« \M. coquereli 

I Cheirogaleus _leaves [apple 
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I xCheirogaleus 
kake 

Phaner 
apple 
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Fig. 2 . Multivariable analysis showing seasonal differentiation of food intake of different 
food categories by five prosimian species in s tandard condit ions. 

respondences) was used to show the relative "proximity" or "difference" 
between species. The results of these analyses* are presented in Figs. 1 and 
2. Basic data are those of Table II; however, in order to avoid distortions 
due to temporary limitation of the available food in some cages, arbitrary 
values larger than all recorded data have been introduced before data 
listing. 

* We gratefully acknowledge G. Cancela da Fonseca who computed the da ta at the 
C . I . R . C . E . (Centre Nat ional de la Recherche Scientifique, France) and helped in the inter
pretat ion of the results. 

file:///Cheirogaleus
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These values are: 
70 instead of values marked with + in Table III. 
85 instead of values marked with + + in Table III. 
99 instead of values marked with + + + in Table III. 

The specificity of dietary patterns is illustrated in Fig. 1 in which the first 
axis (1) emphasizes the obvious difference between Lepilemur ruficaudatus 
and all other species. The second axis (2) showing differences of lesser im
portance in this type of analysis, separates Cheirogaleus medius, the two 
Microcebus species, and Phaner furcifer, but emphasizes that the feeding 
behavior of Microcebus murinus and Microcebus coquereli are closely 
related in these experimental conditions. The location of the different com
binations season/food type illustrates their respective importance in 
separating the specific feeding patterns. 

The relative importance of seasonal variations in these dietary patterns is 
shown in Fig. 2. During spring and, to some extent during summer, there 
are marked variations in food intake, translated by dispersion along the 
first axis (1). Differences between autumn and winter are relatively small as 
shown along the second axis (2). These variations are not only concerned 
with the total volume of food intake, but also by qualitative changes il
lustrated in this diagram by the different combinations species/food type. 
Seasonal variations, marked in Cheirogaleus medius, Microcebus murinus 
and Phaner furcifer, are of lesser importance in Microcebus coquereli and 
Lepilemur ruficaudatus. 

DISCUSSION 

Seasonal variations in body weight and activity of the different prosi
mian species have been shown to follow the patterns observed in the field, 
and are mainly synchronized by photoperiodic variations (Chapter 6). 
Variations in the actual quantity and composition of food eaten by these 
prosimians also follow the same type of annual cycles, but specific tenden
cies have strongly affected the overall results. In natural conditions the in
terspecific differences, in terms of diet, have been interpreted as "adaptive 
strategies" to different ecological niches (Chapter 2), maintained by par
ticular behavioral patterns which increase the efficiency to obtain 
"specialized" food resources at different locations in the forest and at dif
ferent times of the year. In the standard conditions of the present experi
ment, the maintenance of specific food choices reflects physiological 
mechanisms which might be the basic support of the behavioral patterns 
observed in the field. 

The interspecific differences illustrated in Fig. 1 (relative "distance" be-
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tween species) are essentially a qualitative aspect of the combination of dif
ferent parameters simultaneously considered in this type of analysis. In 
order to determine to what extent differences are significant (especially in 
the case of species relatively similar in terms of food choices), the Student t 
test was applied. All possible pairs of species were compared for monthly 
intake of each food type and food component (per 100 gm of body weight). 

If we designate monthly food intake of each species as χ and y, the mean 
and standard deviation as χ and y, Sx and 5y, respectively for nx number of 
months x, and n2 number of months y, then for the hypothesis that the two 
series are similar: 

According to the number of degrees of freedom, the probability of ob
taining the t values actually calculated is extremely low in most cases 
(p < 0.01), especially when the intake of "gross food categories" are com
pared. This demonstrates that a definite pattern of food intake 
characterizes each species. 

Comparisons of the overall food composition resulting from food 
choices in artificial conditions yielded a significant difference between 
Cheirogaleus medius and Microcebus murinus for protein intake (p = 0.02). 
A similar difference also exists in the natural diet because the smaller 
species, Microcebus murinus, can obtain a relatively larger proportion of 
insects in addition to the fruits which are available in large quantity (Chap
ter 2). This purely ecological mechanism is thus maintained and may be ac
centuated either by a taste specificity or a particular digestive adaptation. 
Furthermore, the seasonal variation of the digestive ability of C. medius 
may follow the natural seasonal pattern of food availability: nectars of dif
ferent flowers in November; an increase in available protein (insects) in 
January/February; and an abundance of fruits in March/April, before the 
animal hibernates. These seasonal changes in digestive ability of C. medius 
were suggested by Schilling (Chapter 9) who found an increased efficiency 
of absorption preceding the rest period. However, the variations of quan
tity and composition of the natural foods may also play a complementary 
role in the full expression of various physiological cycles which are initially 
synchronized by photoperiodic variations (see discussion in Chapter 6). 

During the annual cycle, the percentage of protein intake in the total diet 
of C. medius and M. coquereli varied from 6 to 13, and from 7 to 15, 
respectively. A similar pattern of annual variation was suggested by the 
data of Andriantsiferana and Rahandraha (1973) who found that M. 
murinus ate less animal matter during austral summer and spring. In our 

t = (x - y) 
, ( « i + n2) [ ( f l i - 1) S

2

X + (n2 - 1) Sy//i! + ΛΙ2 — 2] 

nx n2 
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study, the minimum protein intake occurred at the time of fattening, when 
the animals ate large amounts of fruit. However, there was a 2-month dif
ference between C. medius (May/June) and M. murinus (July/August), 
corresponding to the 2-month difference in the respective times of lethargy. 

The comparison of the diets of other species in terms of protein and fat 
content yielded less significant differences (for instance, when comparing 
Microcebus murinus and M. coquereli, ρ < 0.1), or were not significant in 
other cases. 

In contrast, the food choices recorded in terms of "gross food 
categories

,,
 permitted definition of particular food patterns for all species, 

and reflected the preferences for soluble sugars and other types of car
bohydrates, which have been discussed in the preceding section. In these 
cases, the t test demonstrates interspecific differences (which appear on 
Fig. 1), as well as the constancy in the respective choices of different fruit 
types in M. murinus and M. coquereli (p < 0.01). The tendency of M. co
quereli to feed on the pulp of juicy fruits may reflect the propensity of this 
species to seek different natural sweet secretions and exudates (see 
Chapter 4). 

In Phaner furcifer, a partly similar tendency was found in autumn/ 
winter (Table III). Interpretation of this food choice is more delicate in this 
case, since the gum on which the species feed in nature (Chapter 3) was 
totally absent in captivity, and no type of carbohydrate among those pro
vided was of similar composition. Nevertheless, the slight seasonal change 
in diet accompanied by a slight variation in body weight and activity 
(Chapter 6) may also reflect a periodical change in dietary physiology at the 
time normally requiring maximum specialization (on gums) in natural con
ditions. 

The same remarks also apply to Lepilemur ruficaudatus in which the 
tendency to eat more fruit was accentuated in spring, while the maximum 
intake of leaves was in autumn. In field conditions, this would occur at the 
time of leaf flushing of most species. Young leaves have a maximum pro
tein content (Hladik, 1978a) which explains the apparently surprising result 
for Lepilemur, in which the diet includes more protein than that of other 
species. 

The mechanisms of these seasonal variations and specific patterns of 
food choices are still hypothetical. It was suggested (Hladik et al., 197Ί; 
Hladik, 1977) that the relative balance between long-term conditioning to 
food intake (after absorption of nutrients) and the immediate response 
(taste and motivation) would result in different patterns of food choices. 
This hypothesis may be sufficient to explain why some folivorous primates 
feed on the most common and least nutritious plants, whereas other sym
patric primate species feed on a variety of richer foods (leaf flush and 
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fruits) whic h ar e mor e scattere d i n th e fores t (Hladik , 1977) . Th e firs t pat 
tern woul d mainl y b e base d o n long-ter m responses , whil e th e specie s show 
ing th e secon d patter n woul d b e motivate d t o loo k fo r scattere d source s o f 
carbohydrates an d fat , whic h no t onl y satisf y hunger , bu t als o provid e suf 
ficient reward , i n term s o f tast e pleasure , t o maintai n a  hig h motivation . 

Morphological adaptation s o f th e digestiv e trac t ar e importan t i n bot h 
cases an d hav e bee n discusse d elsewher e (Chiver s an d Hladik , 1980) . 
Nevertheless, motivatio n an d possibl y intensit y o f tast e sensatio n ca n resul t 
in majo r difference s i n specifi c foo d choices . 

The specifi c pattern s o f foo d choice s demonstrate d b y th e nocturna l pro 
simians o f th e Wes t Coas t o f Madagasca r ca n als o b e explaine d b y th e 
relative importanc e o f tast e stimulatio n an d motivation , whic h ma y fluc 
tuate durin g th e cours e o f th e annua l cycle , a s suggeste d b y th e result s con 
cerning Lepilemur  ruficaudatus  an d Phaner  furcifer.  Nevertheless , highl y 
specific patterns , suc h a s th e tendenc y o f Microcebus  coquereli  t o fin d 
sweet liqui d food , o r th e maintenanc e o f a  protein/carbohydrat e balanc e 
similar t o tha t observe d i n th e fiel d fo r Microcebus  murinus  an d 
Cheirogaleus medius,  ma y b e regulate d b y a s ye t unknow n mechanisms . 

The significan t findin g o f thi s stud y i s th e relationshi p show n betwee n 
the mor e o r les s accentuate d seasona l variation s i n specifi c foo d choices , 
and th e seasona l availabilit y o f foo d resources , whic h constitute s a n adap 
tation t o a  highl y variabl e environment . 
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9 Seasonal Variation in the Fecal 
Marking of Cheirogaleus medius 
in Simulated Climatic Conditions 

A. SCHILLING 

INTRODUCTION 

Cheirogaleus medius is a nocturnal prosimian commonly found in all 
arid areas of Madagascar (Petter et al., 1977). Other nocturnal prosimians, 
such as Lepilemur and Phaner, have adopted particular strategies to cope 
with the periodically severe environmental conditions (Hladik and Charles-
Dominique, 1974; Chapter 3). The different species of Cheirogaleus adjust 
to seasonal variations in an original manner both as regards behavior 
(economy of movements), and physiology (Cheirogaleus species together 
with Microcebus murinus are the only primates to show seasonal lethargy 
(Chevillard, 1976; Chapter 6). In our laboratory, climatic conditions 
recorded in the field were reproduced but failed to bring about the winter 
lethargy which lasts about 6 months under natural conditions (Petter, 
1978). However a noticeable reduction of activity was obtained in the 
winter semester, during which the animals rarely and irregularly left the 
nest box (Chapter 6). 

An additional peculiarity distinguishing the genus Cheirogaleus from 
other prosimian and primate species is the regular use of the feces as a scent 
marking material (Schilling, 1978). Indeed, the protruded anus of 
Cheirogaleus (Hill, 1953) constitutes a remarkably efficient marking or
gan. The fecal marking behavior, which has been observed in the field (Pet
ter, 1962, and personal observation), consists of a dragging defecation oc
curring during locomotion, resulting in elongated cylindrical marks (about 
10 cm in length in C. medius, 40 cm in C. major) more or less flattened 
as the animals wipe or trample them. This is often accompanied by urina
tion. 

In captivity, the marks are obviously more concentrated, forming a thick 
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Fig. 1. Fecal mark accumulat ion (about 5 cm thick) at a place of frequent mark ing of C. 
medius in the animal house . 

layer of dried feces on certain branches or supports (Fig. 1). In C. medius 
this particular behavior appears to be related to the seasonal cycle of activ
ity. Preliminary observations showed that during the active semester fecal 
marking increased and, moreover, a noticeable peak occurred at a precise 
moment within this period. It was thus attempted to study the variation of 
this marking in relation to variations of locomotor activity and food con
sumption, in order to determine to what extent fecal marking is correlated 
with these parameters. If fecal marking varies independently, this would 
provide evidence that this type of defecation is a particular behavior as in 
canids, lagomorphs, ruminants, rodents, and insectivores, and may be 
more than the mere result of physiological functions. 

METHODS 

Experimental Conditions 

An adult male and female pair of Cheirogaleus medius obtained from 
Madagascar in January 1973 was used in this study. The photoperiodic, 
temperature, and food conditions in captivity are described elsewhere 
(Chapter 6). Recording was done over a period including more than two 
annual cycles, from April 15, 1974, to October 15, 1976. The cage occupied 
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by this small-sized animal (body length about 20 cm) measured 
1.90 χ 2.0 χ 2.2 m, was installed with branches and lianas at the begin
ning of the experiment, and was isolated by black curtains. Disturbances 
were minimized and limited to change of food and checking of the activity 
recording equipment. 

Recording of Activity 

Locomotor activity was recorded by six platforms distributed in the cage 
and equipped with microswitches connected to numerical counters which 
were checked daily (see Chapter 7 for details). 

The monthly average of daily records from June 1974 until October 15, 
1976 was used to represent the graphic plot of the activity or "actogram." 

Measure of Food Intake 

The amount of the different categories of food consumed on a regular 
diet both in quantity and quality were noted every day (see Chapter 8). The 
following values were calculated daily either by drying in an oven or by us
ing standard tables (Experientia-Geigy): (1) The dry weight of food con
sumed; and (2) the weight of nonassimilable food consumed, mainly fiber 
of fruits. This last datum, calculated according to standard values for 
humans, should reflect more accurately the basic part of the feces, as long 
as we take the liberty of comparing the digestive physiology of two rather 
different primates! 

Measure of Fecal Marking Activity 

Filter papers were placed at the same location on branches, and were 
changed every month over a period of 30 months (from April 15, 1974, to 
October 15, 1976), to allow estimation of the variation in the amount of 
feces deposited by the animals throughout the yearly cycle. The filters were 
dehydrated in an oven (60°C) and weighed before being placed in the cage. 
At the end of each month the papers with deposited feces were also 
dehydrated and weighed. The difference was used as a "sample mark" and 
represented only a part of the total amount of feces in the cage. Since 
preliminary observations in 1973 indicated that the amount of feces 
deposited by Cheirogaleus showed a sharp peak around the first of August, 
the feces were weighed the 15th day of each month so as to better locate the 
annual peaks. 
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RESULTS 

Marking and Locomotor Activity 

In consideration of the results of the actogram, the annual activity cycle 
has been divided into an active semester and an "inactive" semester which 
corresponds to the animal's period of lethargy in Madagascar (Fig. 2). It 
should be noted that under our experimental conditions which imperfectly 
reproduced the natural climate, not only did a residual activity persist dur
ing the "inactive" semester, but the active period (from March 15 to 
September 15) was 1 month in advance of that expected from field data 
(Fig. 2). Comparing the data obtained over a period of 2 years, it may be 
noticed that although 83 ± 4% of the locomotor activity and 85 ± 4% of 
the marks took place during the active semester, the two parameters fluc
tuated independently (Fig. 3). Actually the peak of the actogram which was 
situated at the beginning of the summer (44.3% of the annual locomotor 
activity between May 15 and July 15) corresponds to a relative pause of the 
increase in the amount of sample marks. Indeed, the peak of this fecal 
marking occurred later during this period (45.2% of the annual marking 
between July 15 and September 15), while locomotor activity decreased. 

In addition, the annual peak of fecal marks has decreased and been suc
cessively retarded during the 3-year period of observation (beginning of 
August 1974, middle of August 1975, beginning of September 1976, Fig. 2) 
possibly due to the effects of captivity. 

Marking and Food Consumption 

These two parameters are obviously related. Thus both the annual peak 
of dry weight of sample marks as well as that of food or "fibers" con
sumed, was attained between July and September 15 (Figs. 2 and 3). 
However, during the inactive semester, these two measures evolved in
dependently: marking activity was very low (15% of the yearly amount) 
despite substantial feeding activity (34%). Similarly, the active semester 
was characterized by two periods during which marking and feeding were 
less closely related than during the remainder of this semester. 

The first period took place from April 15 to July 15, during which the 
curve of the dry weight of the sample marks followed more closely the dry 
weight of the nonassimilable part (fibers) of the food, rather than that of 
the dry weight of food consumed (Fig. 2). Variations in the average food 
composition depend on the seasonal variations in food choices (see Chapter 
8, Table I). However, at the time of the spring peak of fecal marks (May 
15-June 15 in 1975, April 15-May 15 in 1976) if the percentage of the sam-
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—Laboratory condition (Brunoy-France) 
—Field condition (Morxridava-Madagascar) 

13 .00 hrs-I 

photoperiod 

11.00 hrs-
30°CH 

temperatures 

act iv i ty cycle [L Cherogaleus 

medius L active period inactive period 

• ' ! I Ι I ί I ! ' 

1974 1975 1976 

Fig. 2. Month ly variat ions of feeding, locomotor activity (black line), and fecal marks 
(white line) of Cheirogaleus medius, in relation to simulated climatic condi t ions . 

pie marks compared to the annual total remained constant (12.7% in 1975, 
13.2% in 1976) the weight of the "fibers" of food consumed over the same 
period showed a large variation (respectively, 12.4% in 1975 and 6.9% in 
1976). 

The second period (September 15-October 15) during which the weight 
of the marks appeared less related to food consumption, immediately 
followed the annual peak in marking behavior. Food consumption re-
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Fig. 3 . Monthly percentages of the annual values of activity (according to number of 
records) , feeding (in terms of total food consumed and a m o u n t of nonassimilable pa r t ) , and 
fecal marks of Cheirogaleus medius. The residual activity during the inactive semester 
(monthly average value) is probably smaller in na tura l condi t ions . 
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mained high (9.5% of the annual dry weight of food and 9% of the fibers) 
whereas the marks decreased to 5% of the annual total. 

Significance of Marking in Relation to Locomotor 
and Feeding Activities 

During certain periods of the seasonal activity cycle of Cheirogaleus 
medius, marking behavior seemed to evolve independently of locomotor 
activity and food consumption. To make these comparisons clearer the 
following ratios were calculated which will be referred to as marking in
dices (Im): 

Im, = the ratio of the dry weight of the sample fecal marks to the 
locomotor activity 

Im2 = the ratio of the dry weight of the sample fecal marks to the dry 
weight of the food consumed 

Im3 = the ratio of the dry weight of the sample fecal marks to the 
weight of the nonassimilable fraction of consumed food 

The seasonal variations of these indices are presented in Fig. 4. The fecal 
marking indices followed the same pattern only during the inactive period 
(September 15-March 15). Moreover, during the active period several dif
ferent phases may be defined according to these indices: 

In spring, a phase characterized by the steady decrease of the marking 
index I m i , and an isolated peak of the marking indices Im2 and Im3 (spring 
peak) resulted in a clear inversion of the annual curves of these indices (Im2 
or Im3> ImO in March/April. This phase during which the marking activ
ity is comparatively high in relation to food consumption and low in rela
tion to locomotor activity occurred at the time of the mating period under 
natural conditions (Petter, 1978). 

At the beginning of summer (May 15-July 15), there was a decline of 
all the indices resulting from a relative pause in fecal marking compared to 
the other activities. 

At the end of the summer (from about July 15 to the beginning of the 
''inactive'' semester, September 15) a phase occurred during which the 
marking activity increased in relation to food consumption, and even more 
so in relation to locomotor activity. This phase is consequently character
ized by an annual peak for the three indices which all increased together 
during summer but declined with a noticeable delay for Im, and also with 
an inversion of the ratios (Imi > Im2 or Im3). This phase, during which the 
fecal marking activity was fairly important in relation to locomotor activity 
but small in relation to food consumption, occurred at the time of the an
nual fattening of the animals preceding the inactive period (winter lethargy, 
Chapter 6). 
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Fig. 4. Seasonal variat ions of the fecal marking indices of Cheirogaleus medius— 
Im, = fecal m a r k s / l o c o m o t o r activity, I m2 = fecal m a r k s / t o t a l food in take , I m3 = fecal 
marks / f iber in take . 

DISCUSSION 

The results show that fecal deposition in Cheirogaleus medius is com
plex, due to the seasonal variations, and implies a particular physiological 
function. If this fecal marking behavior is clearly independent from 
locomotor activity, further experimentation is needed to explain the ap
parent variability with respect to food consumption and to provide a possi
ble explanation of the two characteristic peaks which occur during the ac
tive semester. A possible explanation for these peaks may result from 
seasonal variations in topography of feces deposition. For example, 
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animals may have defecated more on the branches used for sampling, dur
ing May (spring peak) and August (annual peak) and subsequently this 
would have resulted in a bias in the marking indices. However, experiments 
in progress demonstrate that, although branches are marked differentially, 
these differences remain constant throughout the year. Furthermore the 
quantity of feces that falls to the ground is insignificant in relation to that 
on the branches. 

A second possible explanation concerns nutritional physiology. It may be 
assumed that in Cheirogaleus a seasonal variation exists in food assimila
tion in relation to annual lethargy. The spring peaks of Im2 and Im3 would 
thus result from a decrease in the ratio food assimilated/food consumed. 
At this time (May) the animals, food intake increased while body weight 
decreased (see Chapter 6, Fig. 2). The increase in food intake (by a factor 
of 2) with a corresponding decrease in weight (10%) cannot be explained 
only by a difference in activity (5% in relation to annual mean, Chapter 6). 
During this period, at least in natural conditions, the animals resume ter
ritorial and sexual activities (Chapter 2). The annual peak of fecal marking 
may be explained in a similar manner. However whereas the coefficient of 
assimilation is high, the animal tends to consume an excess of food 
resulting in a corresponding increase of fecal material in August/ 
September. 

Food intake decreased in September but was still sufficient for fat ac
cumulation (high coefficient of assimilation), the seasonal peak in body 
weight occurred about 1 month after the peak in food intake and was im
mediately followed by the period of lethargy. This particular physiology, as 
yet insufficiently understood, results in seasonal variations in the amount 
of the fecal material. 

The use of the feces as a marking material can only be demonstrated ac
cording to additional behavioral observations. As for urine washing in 
other prosimians, fecal marking in Cheirogaleus is a stereotyped behavior 
which appears as early as 6 weeks of age (Schilling, 1978). The same type of 
anal dragging has also been observed in the absence of fecal deposition. 
These marks are sniffed by conspecifics of both sexes. Finally, laboratory 
observations on C. major show that fecal marking tends to be performed at 
the periphery of the available space. This again resembles urine washing in 
Galago which occurs at the periphery of the home range both in the 
laboratory and in the field (Charles-Dominique, 1974, 1977a,b). 

Cheirogaleus fecal marks have indeed been observed in nature (Petter, 
1962), although no information concerning their role in territoriality is 
available. Since scent marks can be discriminated after several months in 
certain conditions (Schilling, 1978), fecal marks may also be very durable, 
especially during the dry season. If the large quantity of marks deposited 
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before hibernatio n pla y a  rol e 6  month s late r i n th e reestablishmen t o f 
home range s (se e Chapte r 2 ) the n th e physiologica l variation s discusse d i n 
this pape r woul d b e complementar y t o th e behaviora l functio n o f marking . 
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10 Ecological Correlates of Visual 
Learning in Nocturnal Prosimians 

H. M. COOPER 

INTRODUCTION 

The study of learning from a comparative viewpoint poses numerous 
theoretical and practical problems (Warren, 1973). Of fundamental con
cern are the criteria for deciding the type of learning to be studied and the 
theoretical bases for comparison of the species concerned. Among the 
various approaches, the main trends have been to compare learning 
abilities either to measures of cortical development (Masterton et al., 1974; 
Riddell et al., 1974, 1976), phylogenetic position (Bitterman, 1965; Rum-
baugh and Gill, 1972), or to species-specific behavioral capacities (Bolles, 
1970; Seligman, 1970). 

The present approach is based on the analysis of prosimian learning in 
relation to ecological and behavioral characters discussed in the previous 
chapters of this volume. Learning was considered as an integral part of the 
various species adaptations to the environment, and thus the main em
phasis has been focused on the functional roles of learning capacities. This 
type of functional approach has often been used to analyze the significance 
of similarities and differences observed for many biological traits (Kay, 
1975; Szalay and Seligsohn, 1977). 

However, whereas certain characters (such as dental or skeletal) can be 
directly measured and described, and their functional role easily assessed 
from behavioral observations, the role of learning in the development and 
maintenance of behavioral patterns is more difficult to define. A means of 
assessing these capacities has been to conduct tests under controlled 
laboratory conditions. In terms of complex learning processes, such tests 
are merely a distorted reflection of these capacities, since they are 
necessarily removed from the environmental context in which they nor
mally develop and function. Nevertheless, these procedures provide an ex
perimental situation in which the various parameters can be systematically 
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controlled, the results of which must be subsequently confronted with field 
observations. 

Two species of nocturnal prosimians, Microcebus murinus and Phaner 
furcifer, were used in the present behavioral study. Comparisons between 
these two species are facilitated by the fact that they share recent common 
ancestry (Charles-Dominique and Martin, 1970) but are well differentiated 
according to several ecological and anatomical characters (Chapters 2 and 
3). In order to be able to relate these distinctions to visual learning 
capacities, a number of behavioral measures were employed (spatial and 
visual reversals, object discrimination) which require different types of 
abilities for what is normally referred to as "problem solution." Since the 
quantitative results of a single type of test are difficult to compare between 
species due to differences in perception and motivation (Warren, 1973), 
comparisons were made by using combined results of a number of tests to 
establish initially a "species profile." In this investigation, the profile 
allows a qualitative appreciation which takes into account capacities for at
tention and responsiveness to different stimulus cues, discrimination 
abilities, flexibility of learning, and memory. The profile provides a basis 
for comparison between species, and a means for relating learning to other 
features of the species biology. 

MATERIAL AND METHODS 

Subjects 

The animals used in this study included eight Microcebus murinus and 
two Phaner furcifer. All were adult animals that had been maintained for 
several years in captivity. Phaner were housed individually in cages which 
measured 2.0 x 1.5 χ 1.0 m, while Microcebus were kept either in
dividually or as pairs in cages 1.0 χ 0.5 χ 0.5 m. Cages were constructed 
of wood and wire mesh in which visual communication between cages was 
prevented. For each species, sliding trap doors in the cage gave access to a 
central corridor which led to the test chamber, enabling each individual to 
be tested separately. The daily light cycle was inversed to allow testing dur
ing the species active period. Animals were maintained on a varied diet of 
fruits, milk, and supplementary cereal; water was available at all times. 
Prior to testing, animals were food-deprived for 18-20 hours. Food 
rewards depended on species and individual preferences, and consisted of 
life mealworms or sweetened milk. 
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Apparatus 

The apparatus was designed after that of Rumbaugh et al. (1972) with 
the additional possibility of automatically presenting three-dimensional ob
jects as stimuli. The stimulus windows measured 6.0 x 6.0 cm and were 
located 2.5 cm apart on the front panel of the apparatus. The stimulus win
dows consisted of a one-way mirror, behind which were located the 
stimulus objects. The stimuli were visible only when the overhead stimulus 
lights were illuminated. The response was detected when the subject inter
rupted an infrared-photocell circuit located directly in front of each 
stimulus window. A 5.0 cm long wire mesh screen separated the two win
dows but allowed access to the food well situated between them. A starting 
platform was located at the rear of the test chamber. 

The programming of stimulus position, reward, performance criteria, 
and recording of results were controlled by electromechanical and elec
tronic systems located in a separate room, from which the experimenter 
could also observe the animals' behavior via infrared video camera equip
ment. 

Procedure and Testing 

Shaping of the response was achieved in several stages, but essentially in
volved initially training the subject to break the photocell light beam for 
reward, to respond to both stimulus windows, and eventually to acquire an 
observing response from the starting platform. 

During the actual test situation, the onset of stimulus presentation was 
triggered by the animal's weight on the starting platform. The stimulus 
lights remained on until a response was made by the subject. Any response 
immediately resulted in the extinction of the stimulus lights and thus the 
disappearance of the stimuli. Only correct responses were rewarded and the 
noncorrection procedure was employed. A 5-second intertriai interval 
followed, subsequent to which the subject was again required to activate 
the starting platform to initiate a new trial. A total of no more than 60 
responses was allowed during an experimental session which usually lasted 
20 minutes. 

Three types of discrimination problems were given. 

1. Successive visual discrimination reversals (visual SDR): The relevant 
stimuli consisted of black and white cards, which changed position ran
domly. One of these stimulus cards was designated as positive and 
associated with the food reward; all spatial cues were irrelevant to problem 
solution. The subject was required to achieve a criterion of 10 correct 



194 H. M. Cooper 

responses in 10 consecutive trials, after which the relative values of the 
stimuli were reversed. A total of 15 reversals were given, followed by a sup
plementary reversal and a nonreversal each after intervals of 30 days. 
2. Successive spatial discrimination reversals (spatial SDR): The same 
black and white stimulus cards, as above, were present in the stimulus win
dows and changed sides randomly, but were unrelated to reward (nonspa-
tial irrelevant visual cues). Reward was associated with the spatial aspects 
of the test situation, and the subject was required to respond to the 
stimulus window designated as positive. The same performance criterion as 
above was used. A total of 50 reversals were given, however during rever
sals 31-40 the irrelevant visual cues were replaced by equivalent gray cards. 
3. Transfer Index (TI): As an additional measure of visual discrimination 
learning ability the Transfer Index developed by Rumbaugh (1969) was 
used. Each problem consists of a pair of three-dimensional stimulus ob
jects. The subject is required to attain an acquisition criterion of either 67 
or 84% correct responses, after which cue values are reversed during a 
limited number of trials (10). The TI is the ratio of percentage correct 
responses during reversal, to the percentage correct responses during ac
quisition for ten problems. For details and the logic of this method, consult 
Rumbaugh (1969). During TI testing an additional modification was added 
to form a distinct observing response. The intertriai interval was variable 
(5-15 seconds) and the subject had to remain on the starting platform for 
1.5 seconds after the onset of the stimulus lights. If the subject left the plat
form before completion of the observing response, the lights were ex
tinguished and the intertriai interval reinitiated. This method required the 
subject to maintain a high level of attention to the visual stimuli. 

Only one reversal, or a single TI problem, was given per day. The posi
tions of the stimuli for all discriminations were determined by the Geller-
mann (1933) series. 

Three Microcebus were used in the spatial SDR, and three in the visual 
SDR. Two of the latter received further ΤI problems as well as two addi
tional naive individuals. Of the two Phaner available, one had spatial SDR 
followed by visual SDR, the other individual had visual SDR followed by 
spatial SDR, and both subsequently received TI problems. 

RESULTS 

Visual SDR 

The results of 15 visual reversals for both species are shown in Fig. 1. On 
the initial visual discrimination (0) the mean number of errors made by 
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V I S U AL R E V E R S A LS 

Fig. 1. Number of errors to reach criterion in Microcebus murinus and Phaner furcifer 
for 15 successive visual discrimination reversals (group curves), and for addi t ional reversal (R) 
and nonreversal (NR) after 30-day intervals (individual scores). 

Microcebus is lower than that of Phaner. This relation changes however 
over the subsequent series of reversals. Both species made a large number 
of errors on the initial reversals but eventually demonstrated progressive 
improvement. The improvement in performance of Phaner is more impor
tant than that of Microcebus especially during later reversals. Phaner even
tually solved later reversals with fewer errors than the original discrimina
tion, whereas this was not the case for Microcebus. 

In both species the large number of errors made on the initial reversals is 
associated with a tendency to persevere in responding to the formerly 
positive stimulus after each reversal. The intraproblem learning curves 
(Fig. 2) show that after each reversal, the animals always began responding 
below chance (50%). This tendency became progressively reduced in 
Phaner, but persisted even throughout later reversals in Microcebus. 

Since this result suggested a difference in capacities for memory and/or 
forgetting, an additional reversal (R) and a nonreversal (NR) were given, 
each after intervals of 30 days (in random order for each individual, Fig. 
1). Phaner showed no difference in the number of errors under either con
dition, and made as many errors as on the previous reversal. On reversal R, 
Microcebus also made as many errors as on the previous reversal, however, 
almost no errors on the nonreversal. This indicates that whereas for Phaner 
forgetting has occurred during this period of time, no forgetting has been 
demonstrated by Microcebus. 
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Spatial SDR 

Performance of Phaner and Microcebus on the spatial SDR with irrele
vant cues present, resulted in an inversion of the learning curves as com
pared to the previous visual SDR. Figure 3 shows the mean number of er
rors to reach the criterion for blocks of 10 successive reversals. As in the 
visual reversals, both species demonstrate progressive improvement, but in 
this case, Microcebus makes fewer errors than Phaner when irrelevant 
nonspatial visual cues are present. When the black and white stimulus cards 
were absent (replaced by equivalent gray cards during reversal 31-40), the 
performance of both species was similar, and few errors were made. 
However, at this point of training both species had sufficient learning ex
perience and made few errors. In contrast, the reintroduction of irrelevant 
visual cues (reversals 41-50) produced a disruption in the performance of 
Phaner but not in that of Microcebus. Thus the presence of irrelevant 
visual information produced a more distracting effect only on the former 
species. 

Transfer Index 

The TI is a useful measure of learning behavior since it provides not only 
an indication of discrimination ability during acquisition, but also reflects 
behavioral flexibility during reversal. In addition the TI values permit com
parison between species equated for similar acquisition before reversal. 

TRI4LS 

Fig. 2. Intraproblem learning curves for visual discriminations in Microcebus murinus 
and Phaner furcifer. 
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Fig. 3 . Mean number of errors to reach criterion for successive spatial discrimination 
reversals with irrelevant visual cues present or absent . 

As can be seen from Table I, both species are capable of relatively rapid 
solution of discrimination problems, as compared to other primates (Rum
baugh and Gill, 1972). At both the 67 and 84% acquisition levels Phaner 
solved object discriminations in fewer trials than Microcebus. Microcebus 
required a mean of 8.2 more trials to attain the 67% criterion level, and 8.7 
more trials than Phaner to attain the 87% level. However, there is no 
significant difference between species in the percentage of correct responses 
during reversal at either level. Thus, although the acquisition performance 
of Phaner is superior to that of Microcebus this difference in learning is not 

TABLE I 

Transfer Index Scores for Microcebus murinus and Phaner furcifer 

Species 

Cri ter ion 
acquisit ion 
(% correct) 

Total number 
of problems 

Average number 
of trials to 

reach criterion 
Reversal 

(°7o correct) 

Transfer index 
/ reversal °/o \ 
\ acquisition % y 

Microcebus 
murinus 
n = 4 

Phaner 
furcifer 
n = 2 

67 
84 

60 
60 

28.6 
40.1 

41.5 
22.8 

0.62 
0.27 

Microcebus 
murinus 
n = 4 

Phaner 
furcifer 
n = 2 

67 
84 

20 
40 

20.4 
31.4 

44.6 
23.1 

0.67 
0.28 
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reflected during reversal and, accordingly, not in the TI values. Both 
species show negative transfer of learning (i.e., TI < 100; Rumbaugh, 
1969), which is relatively more important after 84% acquisition than after 
67% acquisition. Indeed the reversal performance merely reflects the fact 
that each species continues to respond to the initially positive stimulus in 
the same proportion during reversal as in the previous phase of acquisition. 
Thus when the acquisition criterion is raised from 67 to 84% correct 
responses (17% difference) reversal performance drops proportionately 
(18.7% for Microcebus, 21.5% for Phaner). 

Discrimination Behavior 

Observation of the animal's behavior during testing is indispensable for 
understanding the importance of different stimuli, and their significance 
for the species during discrimination. In discrimination problems such as 
those given in this study, certain cues are relevant to problem solution, 
while others are irrelevant. The behavior of various species, which perceive 
or respond differentially to these cues, will be qualitatively different. In 
fact, the entire test situation provides cues which may influence the final 
quantitative results. 

In the present study, Microcebus and Phaner differed in behavior on 
both visual and spatial problems. During all types of testing, Microcebus 
murinus made its choice initially from the starting platform. However, dur
ing the spatial SDR this species paid attention to the global aspects of the 
test chamber rather than to the stimulus windows. When the onset of a trial 
was detected by the illumination of the stimulus lights, Microcebus ap
proached the food well by following one of the walls of the apparatus, eas
ily ignoring the irrelevant nonspatial visual cues (black and white cards) in 
the stimuli windows. In contrast, during visual problems, in which these 
same cues were relevant and rewarded, Microcebus strongly focused its at
tention toward the stimulus windows from a distance before making a 
rapid approach and immediate response. 

Phaner always approached the stimulus windows by running directly to 
the front of the apparatus, and inspected both windows before making a 
response. Phaner thus had great difficulty in ignoring the irrelevant 
nonspatial visual cues during spatial SDR. This was especially evident on 
early reversals and also after reintroduction of the irrelevant stimuli (rever
sals 41-50). During the visual reversals, behavior was essentially similar but 
included more careful inspection of the stimuli before response. 

Thus depending on the situation, both species focus their attention dif
ferentially to the stimulus cues. The choice in Microcebus, especially for 
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visual problems, is based on scanning and decision from a distance, 
whereas discrimination in Phaner is typified by inspection at close range. 

DISCUSSION 

According to the results of the present study, visual learning and 
associated behaviors are clearly different in the prosimians Microcebus and 
Phaner. Both species learn spatial and visual problems but with relatively 
different degrees of difficulty. This difference is related to the way in which 
the animals attend to various aspects of the environment, and the integra
tion and subsequent utilization of visual information. 

In Microcebus spatial reversals of a discrimination problem are learned 
comparatively more rapidly than visual reversals, since this species appears 
to be more prepared to attend to the spatial aspects of the present test situa
tion. Spatial cues do not exclude the use of visual cues, but may also in
clude other types of sensory information. However, the fact that individual 
object discriminations are rapidly acquired reflects a significant capacity 
for visual attention and learning. Thus, when nonspatial visual cues are 
relevant, Microcebus can ignore the spatial cues which, when rewarded, are 
highly preferred. This tendency to attend to the visual stimuli is also ap
parent from the perseverance to the formerly rewarded stimulus observed 
during successive reversals. The difficulty in performing reversals further 
demonstrates a well-developed memory associated with a resistance to 
forgetting even after long intervals of time. 

According to the same types of criteria, the visual capacities of Phaner 
are more highly developed. Nonspatial visual cues are strongly attended to, 
even when irrelevant to obtaining reward. In Phaner, individual object 
discriminations are rapidly learned and equal the rates of learning observed 
in certain diurnal primates (Rumbaugh and Gill, 1972; Cooper, 1978). 
Although during Transfer Index, acquisition of individual problems occurs 
in fewer trials than for Microcebus, reversal performance is not better 
developed. Therefore it is merely the discriminative ability which is more 
acute in Phaner, in relation to the higher degree of visual attention and 
responsiveness to the discrete nonspatial visual cues. The more rapid rever
sal improvement by Phaner as compared to Microcebus during visual SDR 
(Fig. 1), in contrast to the similar reversal performance during TI cannot be 
explained only by differences in attention and/or discrimination ability. 
The form of the intraproblem learning curves, and especially the results of 
reversals (or nonreversals) after long periods of time, suggests that forget
ting is responsible for this difference. In the case of successive visual rever-
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sals involving the same stimuli, interference from previous learning can 
cause forgetting (proactive interference, Mackintosh, 1974). However, this 
type of interference cannot develop during reversal of TI problems, since 
each individual discrimination consists of an independent pair of stimuli. 

The general difficulty of prosimians in performing visual reversals has 
previously been remarked by other authors. Stevens (1965) attributed this 
difficulty to stimulus perseveration, a tendency which was also present dur
ing learning set formation in Lemur (Cooper, 1973). This tendency was 
also found in a study of reversal learning in Lemur (Rumbaugh and Ar
nold, 1971), and in a subsequent study of extinction (Arnold and Rum
baugh, 1971). Finally, the retention of individual visual discriminations 
over long periods of time has been shown in other nocturnal prosimians 
(Erlich and Musicant, 1976). The present study supports the importance of 
stimulus perseverance and memory in nocturnal prosimians, and further 
suggests differential species capacities for forgetting visually learned 
associations. 

How can these species learning differences be related to other species 
typical distinctions? Since both species are nocturnal and sympatric, it 
might be assumed that they are subject to similar environments in terms of 
the quantity and quality of light available. However, because most of the 
activities of each species take place at a different range of heights in 
the forest (Chapter 2, Fig. 11) light differs in composition and intensity in 
the respective micro-environments due to differential absorbtion by the 
biotope (see Chapter 5 for discussion of light in the forest and in the 
canopy). In addition, Phaner leaves the nest during twilight, whereas 
Microcebus begins activity later in the night during lower light levels 
(Chapter 7). Distinct differences also exist in the utilization of food and 
other resources, social organization, and communication (Chapters 2 
and 3). 

Microcebus and Phaner differ with respect to the structure of the retina 
and the eye, which partly explains certain differences in visual capacities. 
The total visual field and the degree of binocular overlap is greater in 
Microcebus than in Phaner (Pariente, 1978). In the retina the area centralis 
of Phaner is more conspicuous, and the ratio of receptor to ganglion cells 
lower than in Microcebus (Pariente, 1976; Cooper et ai, 1979). These 
features indicate a greater reliance on central as compared to peripheral vi
sion in Phaner, as well as a higher degree of visual acuity (necessary for 
fine object discrimination). Comparatively, for Microcebus there is a 
relative loss in acuity, but nevertheless a gain in sensitivity (associated with 
lower light levels in the forest interior), and in the importance of peripheral 
vision (advantageous for the detection of flying insects). 

Phaner feeds primarily on gums, which are localized sources of 
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nutrients, especially important during the winter season. Gums are mainly 
found in Terminalia spp. trees at precise locations in the home range. Field 
observations suggest that vision plays an important role in learning and 
memorizing itineraries between food sources. Microcebus is certainly also 
capable of memorizing paths between food sources. However, the pre
ferred food of Microcebus is insects, which are often caught while flying by 
means of a species typical grasping behavior, in which both vision and 
audition are coordinated for detection and capture. In this case, movement 
of the stimulus is an important parameter, and careful visual inspection 
would be disadvantageous to prey capture. Even in the test situation, 
Microcebus persisted in rapid response following decision from a distance. 

The difference in preference for mobile and nonmobile food resources 
explains the qualitative differences in visual attention between the two 
species (Pariente, 1978). Indeed, from observations in captivity of 
Microcebus, small insects are not detected if immobile and silent, whereas 
Phaner quickly locates any novel object in the home cage. 

The results demonstrate that both species possess well-developed 
capacities for memorization, accentuated by poor abilities for forgetting. 
This tendency is especially pronounced in Microcebus, for which there may 
be no obvious ecological pressure for forgetting to evolve. For Phaner 
there exists a need to find new sites of vegetal exudates when old sources of 
gums are exhausted, and thus frequently readjust itineraries at irregular in
tervals. Adaptation to exploit these gums, which are relatively less accessi
ble to other species, would include not only specializations of the claws for 
climbing large smooth trunks, and of the teeth for scraping (Chapter 3), 
but also capacities associated with vision for detecting and memorizing 
complex itineraries. 

Social organization and communication contribute additional selection 
pressures influencing visual capacities in terms of attention to, discrimina
tion, and recognition of conspecifics. Whereas Microcebus is solitary dur
ing activity (Martin, 1973) and relies primarily on deferred olfactive and 
auditory communication at a distance (Charles-Dominique, 1978), social 
communication in Phaner is based almost exclusively on visual and 
auditory exchanges (Chapter 3). In association with visual communication 
and recognition, only Phaner possesses distinct markings of the pelage 
which are easily distinguishable by conspecifics in natural light conditions 
(Pariente, 1976). Because of these and other characteristics, the social 
organization of Phaner has been described by Charles-Dominique (1978) as 
"pregregarious," and is unusual for a nocturnal primate. 

This type of social system and the associated visual learning capacities 
may represent a transitional state from a nocturnal solitary organization to 
the gregarious social system typical of diurnal species. 
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Summaries of Chapters 

1. The climate of the West coast of Madagascar is characterized by a 
7- to 8-month dry season. In the closed deciduous forest adapted to these 
conditions, about 200 woody plant species have been collected among 
which evergreen trees and lianas are present in limited number. Leafing 
times have been determined from the analysis of litter fall completed by 
records of herbarium specimens. A classification of leafing patterns is pro
posed, and flowering and fruiting patterns are briefly described. The 
seasonal variations of potential foods available to prosimians can be 
estimated from these data. The possible importance of toxic compounds 
has also been considered according to the results of a screening survey of 
alkaloids in leaves. The percentage of plants likely to be toxic (15%) has the 
same order of magnitude as in other tropical forests, but positive results 
appear more frequently among the evergreen species which are subject to 
folivore pressure during the dry season. 

2. Annual variations in food production and composition in the forest 
of the west coast of Madagascar are presented in relation to different 
feeding strategies of five sympatric species of nocturnal prosimians. These 
strategies involve combination of physiological and behavioral character
istics which have been analyzed in the laboratory, and are presented in 
separate chapters in this volume. The results of laboratory tests are inter
preted according to comparative results of the field studies. In Cheirogal
eus medius and, to a lesser extent, in Microcebus murinus, the annual cycle 
of activity and lethargy plays a major role in the adaptation to variations in 
food availability. Nevertheless, seasonal variations in the patterns of food 
choices are a necessary complement to cope with overall changes in com
position of the forest resources. In Microcebus coquereli and Phaner fur
cifer, behavioral specializations on insect secretions and plant exudates, 
which are the basis of their respective diets, are also complemented by addi
tional cycles involving physiological variations. The most folivorous 
species, Lepilemur ruficaudatus, is also subject to variations in physiologi
cal/behavioral patterns, following the environmental changes in climate 
and plant production. 

3 . The ecology and social relations of Phaner furcifer were studied in 
1973-1974. This species is specialized on a diet mainly composed of gums 
and other tree exudates, and population density appears to depend on the 
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distribution of gum producing Terminalia spp. trees. Social communica
tion is mainly based on vocal signals which are described, while olfaction 
does not seem to play an important role as in other nocturnal prosimians. 
Within one sex, territories are adjacent with small zones of overlap. The 
territory of one male may overlap with these of several females, and there 
are permanent social bonds between these individuals. Males gather in 
"meeting areas" and engage in mutual vocalization. This type of society 
has been refered to as "pregregarious." 

4. Microcebus coquereli was observed during the dry season (austral 
winter). Twenty-one individuals were followed using techniques of 
radiotracking and/or direct behavioral observation. The diet is based on 
the peculiar exploitation of secretions of homopteran larvae colonies. 
Nevertheless, population spatial distribution mainly depends on insect food 
resources. Each individual builds and utilizes up to 12 spherical nests which 
are located in the central area of the home range. The central areas of 
males are separated and overlap the intercalated central zones of female 
home ranges. Social and "individual" activities are both temporally and 
spatially distributed between the central and peripheral home range areas. 
The adaptive value of these behavioral patterns is discussed in terms of 
utilization of food resources. 

5. The spectral energy distribution of light was studied inside and out
side the forest of the west coast of Madagascar, both during the day and at 
night. Comparisons with measures made in other forests of Madagascar 
show that there is a relative homogeneity in open day light, but the vegeta
tion may differently affect the energy distribution. Nocturnal light in the 
forest is characterized by large variations in intensity and energy distribu
tion according to time, season, and meteorological conditions. The effi
ciency of nocturnal prosimian vision is discussed in terms of contrast cues 
produced by directly illuminated objects against the background forest 
light. 

6. The five species of nocturnal malagasy prosimian primates were 
studied for 3 years in simulated climatic conditions. Observations con
cerned body weight, food intake, duration of the reproductive period, and 
variations in locomotor activity. In all five species evident annual rhythms 
were recorded, and the reproductive cycle was synchronized by variations 
in the photoperiod. However, only Microcebus murinus and Cheirogaleus 
medius undergo a noticeable variation in body weight (up to 20% deviation 
from the annual mean). These two species demonstrated a very distinct 
physiological cycle including an increase in activity during the summer 
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months, followed by increased food intake and rapid weight gain before 
winter "lethargy." Hypothermia was found only in these two species. The 
results are interpreted in terms of specific adaptive strategies in response to 
seasonal variations in the natural habitat. 

7. Circadian rhythms in locomotion and feeding activities were 
recorded during 2 years in the five species of nocturnal prosimians. Activity 
was relatively reduced in winter compared to that in summer, and impor
tant peaks of activity occurred during periods of estrus. The onset of activ
ity was very regular and occurred shortly after dusk throughout the year, 
whereas cessation of activity was more variable and occurred long before 
dawn in most species. All species showed characteristic circadian rhythms 
which varied throughout the year, depending on the species. These were 
compared to annual variations of the natural environment and interpreted 
in terms of specific adaptation. 

8. A stable diet was provided to the five different prosimian species in 
captivity over a period of 2 years. Each species demonstrated a typical pat
tern of food choice. Annual variations in food intake were obvious in two 
Cheirogaleinae (Microcebus murinus and Cheirogaleus medius). Variations 
in dietary composition may result from the different seasonal food choices 
of Microcebus coquereli, Phaner furcifer, and Lepilemur ruficaudatus. A 
multivariable analysis helps to understand how the different behavioral 
patterns serve to maintain specific strategies observed in the field. 

9. The fecal marking of Cheirogaleus medius is characterized by a 
definite annual periodicity. Marking is maximum at the end of the summer 
resulting in a monthly mean of feces greatly exceeding the annual mean. 
During the active summer period, the quantity of fecal marks deposited by 
the animal is not directly proportionnai to food intake. The ratios of the 
weight of sample fecal marks to either locomotor activity, the dry weight of 
food consumed, or to nonassimilable food ingested are used to define 
marking indices. These indices help to understand the seasonal variation of 
marking behavior and its particular physiological and behavioral signifi
cance. 

10. Learning capacities were studied in the two species of nocturnal 
prosimians, Microcebus murinus and Phaner furcifer. Visual learning and 
behaviors associated with vision were quantitatively and qualitatively dif
ferent. The differences concerned attention to spatial and nonspatial visual 
cues, discrimination abilities, reversal performance, memory, and forget
ting. The visual capactities of each species are correlated with specific 
anatomical and ethoecological characters. 
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in carbohydrates (sugars), 45, 46, 47, 
57, 6 1 , 67, 80 

in protein , 28, 45, 46, 47, 57, 6 1 , 64, 
65, 80, 99 

niche, 59, 7 1 , 166 
surplus of, 54, 59, 67, 69 

Food intake, 137, 144, 146, 147, 149, 150, 
156, 169-179 

biochemical composi t ion, 170, 171, 172, 
176, 177, 178 

fecal mark ing , 183-189 
Foraging, 19, 55 

heights, 69, 70, 102, 103, 166 
Forest grape , see Cyphostemma pachypus 
Forest s tructure, 19 
Fork-marked dwarf lemur, 76, see also 

Phaner furcifer 
Frogs, as food, 98 
Fruit 

composi t ion, 45 , 46 
in diet, 44, 45 , 54, 55, 57, 59, 6 1 , 63 , 98 
product ion , 2 1 , 43 , 44 

Fruiting pa t te rns , 12, 13, 14, 15, 16, 17, 23 , 
24, 28 

G 

Galago alleni, 67, 68, 85, 89 
Galago demidovii, 67, 68, 85, 164 
Galago (Euoticus) elegantulus, 67, 68, 78, 

79, 80, 93 , 164 
Galago senegalensis, 79, 85 
Gestat ion, 147, 151 
Grewia, 53 
Grewia cyclea, 12, 19, 22, 23 
Grewia glandulosa, 55 
Grewia tr if lor a, 13, 22, 23 
G u m s , 24, 45 , 46, 55, 64, 65, 68, 7 1 , 76-80, 

86, 87, 98, 200, 201 

H 

Hapalemur griseus, 93 , 133 
Harofy , see Commiphora spp . 

Hazoboenga , see Diospysros sp . 
Hazomalany , see Hernandia voyroni 
Hazomby , see Strychnos decussata 
Hazon ta , see Elachyptera minimiflora 
Hernandia voyroni, 10, 16, 19 
Hiberna t ion , 53, 54, 55, 58, 149, 150, 151, 

165, 190, see also Lethargy 
Hildegardia erythrosyphon, 14, 19 
Hollow t runks , as potential shelters, 8, 53, 

54, 58, 59, 64, 65, 81 , 86 
H o m e range, 58, 63 , 102-107, 149, see also 

Terri tory 
H o m o p t e r a n larvae colonies, see Insect 

secretion 
Honeydew, see Insect secretion 
Housing me thods , 138-140, 154, 155, 156, 

170, 182, 183, 192 
Humidi ty , relative, 

in artificial condit ions, 139 
in field 4, 5, 6, 7 

I 

Identification 
of herbar ium specimens, 3 
of insects, 48 

Insect 
availability as food, 47, 48, 49 
in diet, 54, 59, 62, 63, 64, 65, 68, 80, 98 
and plant toxicity, 27, 28 
secretion as food, 46, 48, 49, 50, 63, 64, 

69 
In tercommunica t ion , 81-85 , 108-113 
Iron wood , see Strychnos decussata 

Κ 

Kily, see Tamarindus indica 

L 

Lacta t ion, 67 
Lamoty , see Flacourtia indica 
Landolphia, 53 
Leaf-eating pr imates , 27, 28, 47, 66, 67 
Leaf fall (litter product ion) , 20, 21 
Leaf product ion (young leaves), 43 , 44 
Leafing pa t te rns , 12, 13, 14, 15, 16, 17, 22, 

23, 24, 28 
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Learning methodology 
successive spatial discrimination reversals 

(spatial SDR) , 194 
successive visual discrimination reversals 

(visual SDR) , 193 
transfer index (TI ) , 194 

Leaves (alkaloid content) , 24, 25, 26, 27 
Leaves in diet, 66, 67, 171, 173, 174, 177 
Lemur catta, 53, 165 
Lemur fulvus, 53, 165 
Lemur macaco, 165 
Lemur mongoz, 28, 93 
Lepilemur leucopus, 67, 85, 93 
Lepilemur ruficaudatus 

body weight 
in field, 66 
in simulated condi t ions, 142 

cecotrophy, 67 
circadian rhythms 

in field, 67 
in simulated condi t ions, 156-163 

diet and feeding strategies, 42, 45 , 66-69 
dietary grade , 52, 68 
food consumpt ion in simulated climatic 

condit ions 146, 147, 169-179 
housing, 138, 156, 170 
popula t ion density and biomass , 50, 5 1 , 

52, 66 
reproduct ion and sexual activity 

in field, 67 
in simulated condi t ions, 148, 149, 151, 

162 
seasonal activity, in simulated condi t ions , 

144, 145, 162 
Lesser mouse lemur, 60, see also Microcebus 

murinus 
Lethargy, see also Hiberna t ion , 57, 58, 59, 

6 1 , 137, 147, 149, 160, 165, 181, 186, 
187, 189 

Liana species, 10, 15, 17, 48, 49, 53, 101 
Light 

comparat ive measures in other 
Madagascar locations, 127-130 

in artificial condi t ions, 138, 139 
efficiency in nocturnal vision, 117, 

13,2-136 
measurement methods , 118-120 
m o o n light 

inside the forest, 125-127 
outside the forest, 122, 124 

spectral energy distr ibution 
inside the forest, 124, 125, 126, 127, 

129, 130, 131 
outside the forest, 120, 121, 122, 123, 

124 
Litter fall p roduct ion , 3, 19, 20, 21 
Litter t r aps , 3, 11, 19, 23 
Locomotor activity, 144, 145, 149, 150, 

156-163 

and fecal marking , 182, 184, 185 

M 

Malagasy plum tree, see Flacourtia indica 
Malamasefoy, see Delonix floribunda 
M a m m a l s , as food, 98 
Mandakala ly , see Chloroxylon falcatum 
Manni te , 50 
Marked animals , 50, 54, 55, 58, 6 1 , 63 
Marking behavior 

of Prosimians 
fecal mark ing , 109, 181-190 
urine mark ing , 89, 93 , 109, 110, 111 

189 
of other vertebrates, 182 

Marmotta monax, 151 
M a r o n o n o , see Evonymus pleurostyloides 
Mating periods, see also Sexual activity, 58, 

85, 151, 187 
Meeting area , 87-90 
Memory and forgetting, 195, 199-201 
Microcebus coquereli 

body weight, variations in, 
in field, 63 , 65 
in simulated condi t ions, 141, 142, 143 

circadian rhythms 
in field, 7 1 , 101-107, 113, 114 
in simulated condit ions, 153-167 

diet and feeding strategies in field, 23 , 44, 
49, 50, 63-65 , 6 9 - 7 1 , 98-100 

dietary grade , 52, 68 
distr ibution, spatial and geographical , 8, 

97, 113 
ecoethology during the dry season, 9 7 -

116 
food consumpt ion in simulated condi

t ions , 146, 147, 149, 150, 169-179 
foraging, 19 

heights, 69, 70, 102, 103 
home range, 102, 103, 104, 105, 106, 107 
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housing, 138, 154, 170 
in tercommunica t ion , 108-113 
locomotor pat terns , 102 
marking behavior , 109, 110, 111 
nest building, 100, 101, 102 
popula t ion densities and biomass , 50, 5 1 , 

52, 63 , 99 
previous field observat ions , 75, 97 
product ion and sexual activity 

in field, 97, 114 
in simulated condi t ions , 97, 147, 148 

seasonal activity, 144, 145 
social relat ions, 111-113 

compared to Phaner, 85, 89 
t rapping methods , 98 
vocalization, 108, 109 

Microcebus murinus 
body weight, variat ions in, 

in field, 6 1 , 62 
in simulated condi t ions, 140, 141, 142, 

143, 149, 150 
circadian rhythms 

in field, 71 
in simulated condi t ions , 153-167 

diet and feeding strategies in field, 28, 44, 
45, 59, 60, 6 1 , 63 , 69-71 

dietary grade , 52, 68 
food consumpt ion in simulated climatic 

condi t ions , 144, 146, 147, 149, 150, 
169-179 

foraging, 19 
heights, 70 

home range, 63 
housing, 138, 154, 170 
popula t ion densities and biomass , 50, 51 , 

51 , 52, 62 
rectal t empera ture , 144 
sexual activity and reproduct ion , 147 
tail fattening, 61 
seasonal activity 

in field, 59 
in simulated condi t ions , 144, 145, 155 

visual learning, 191-203 
M o n o n g o , see Zanthoxylum tsihanimposa 
Mungotictis decemlineatas, 19 

Ο 

Olfactory signals, see also Marking behavior 
by cutaneous gland, 83, 84, 85, 109 

by feces, 109 
by ur ine , 83, 85, 89, 109 

Operculicarya gummifera, 12, 22, 45, 55 

Ρ 

Papio papio, 79, 164 
Perodicticus potto, 67, 68, 79, 85, 89, 164 
Peromycus, 164 
Phaner furcifer 

body weight (variations in) 
in field, 65, 75 
in simulated condi t ions , 141, 142, 143 

circadian rhythms 
in field, 8 0 - 8 1 , 85, 126 
in simulated condi t ions , 153-167 

diet and feeding strategies in field, 65, 67, 
69, 76-80 

dietary grade , 52, 68 
distr ibution (geographical) , 75 
ecology and social life, 75-95 
food consumpt ion and food intake in 

simulated climatic condi t ions , 146, 
147, 169-179 

housing, 138, 154, 170 
foraging, 65 

heights, 70 
nesting, 8 1 , 85-86, 101, 108 
olfactory signals, 83, 84, 85 
popula t ion densities and b iomass , 50, 5 1 , 

52, 65, 67, 80, 81 
prédat ion of, 81 
reproduct ion and sexual activity 

in field, 8 0 - 8 1 , 85 
in simulated condi t ions, 148 

scent mark ing , 85-86, 89 
social relat ions, 85-93 
tactile signals, 85 
terr i tory, 85-92 
t rapping methods , 77 
visual learning, 191-203 
visual signals, 85 
vocal signals, 77, 8 1 , 82, 83, 86, 90 

Pho toper iod , 4, 137, 138, 140, 148, 151, 
156, 164 

Plant format ions , 5, 8, 9 
closed deciduous forest, 8, 20 

compar ison with deciduous forest of 
Wilpat tu (Sri Lanka) , 17, 18, 19 
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Plant formations (Cont.) 
mangrove , 9 
Sira-sira (on salty soil), 8, 52 

Plant phenology, 12, 13, 14, 15, 16, 17, 22, 
23, 24, 27, 28 

Plant species 
diversity, 9 -18 , 27 
list, see (Appendix I), 29-37 
total number , 10 
vernacular names , see (Appendix II) , 37, 

38 
Plant toxicity, 24, 46, 47 
Pol l inators , 28 
Popula t ion densities, 80, 81 , 99 

and biomass , 50-53 , 62, 63 , 65-67 
and methods of census, 50, 80 

Propithecus verreauxi, 53 
Protea spp . , 28 

R 

Radiotracking methods , 98 
Rainfall 

annual variat ions, 4, 5, 6 
as a synchronizor, 165 
yearly variat ions, 6, 24 

Rainy season, 6, 7, 19, 20, 2 1 , 23, 43 , 44, 
129 

Rain forest (comparative da ta ) , 67, 68, 128 
Rattus, 164 
Reniala, see Adansonia spp. 
Reproduct ion, see Birth, Estrus period, Ges

ta t ion, Lactat ion, Mating period, Sex
ual activity, Testicle size 

Rhopalocarpus lucidus, 78 

S 

Sampling baskets , see Litter t raps 
Sanzinia madagascariensis, 81 
Sarongaza, see Co Iv il lea racemosa 
Seasonal activity rhy thms, 137-152 
Securinega seyrigii, 12, 18, 19, 22, 23, 58 
Seed dispersal agents, 27, 28, 45 
Seeds, in feces, 55, 66 
Selfgrooming, 104, 114 
Selibe, see Grewia cyclea 
Sely, see Grewia tr if lor a 

Sexual activity, 142, 147-149, 151, 156, see 
also Estrus period, Testicle size, Mating 
period 

Sexual inactivity, 97, 107, 137, 169 
Shelter, 58 (see also hollow trunks) 
Social organizat ion, 82-93 , 102-107, 201 
Sonogram, 82, 109 
Spatial visual cues, importance of, 194-196 
Spermophilus lateralis, 151 
Spiders, as food, 98 
Sportive lemur, 66, see also Lepilemur 

ruficaudatus 
Spring, austral , 44, 59, 61 , 64, 78, 80-81 
Strychnos decussata, 12, 19, 22, 23, 44, 55, 

58, 99 
Study area, 5, 9, 10, 11 
Summer 

austral , see also rainy season, 7, 58, 59, 
6 1 , 64, 66, 98, 107, 124, 131, 151, 
170 

boreal , 144 

Τ 

Tacca leontopetaloides, 18 
Talafoty, see Rhopalocarpus lucidus 
Talinala, see Terminalia mantaliopsis 
Taly, 77, 79, 85, 88, 90, 92, see also 

Terminalia spp . 
Tamarindus indica, 16, 18 
Tambits iky, see Crateva greveana 
Tape tum lucidum, 117 
Tavolo , see Tacca leontopetaloides 
Tempera ture 

in simulated condit ions, 139 
as synchronizor, 151, 152, 165 
variations in field, 4, 6, 7 

Temporary pond , 8, 9, 10, 11, 98 
Terminalia mantaliopsis, 12, 22, 24, 65, 76 
Terminalia tricristata, 16, 45 
Terminalia spp . , 64, 77, 78, 79, 99, 201 
Terri tory, 58, 87-93 , see also H o m e range 
Testicle size, 142, 147-149, 151 
Ti t i tamalandy, see Capuronia madagas

cariensis 
Tooth comb, 78, 98 
Trapping methods , 50, 77, 98 
Ts id ikandambolahy, see Anisocyclea gran-

didieri 
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Tsivoaninombezo, see Buxus madagas
cariensis 

V 

Vision, nocturnal , 117, 133, 201 
Visual acuity, 200 
Visual learning capacity, 7 1 , 79, 191, 192 

relation of ecology, 199-201 
Visual signals, 85, 201 
Vocalization, 81-93 , 108, 109, 201 
Vonoa , see Hildegardia erythrosyphon 

W 

Winter 
austral , see also dry season, 7, 59, 66, 97, 

98, 129, 140, 149, 156 
boreal , 140, 144, 148, 156 

Ζ 

Zanthoxylum tsihanimposa, 13, 78 


