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The living Malagasy prosimians and their recently extinct subfossil rela- 
tives include about 20 genera and 8 families that can be considered one 
contemporaneous fauna. They exhibit morphological, behavioral, and eco- 
logical differences comparable to living anthropoid primates. This diver- 
sity is matched by the equally varied topography, climate, and vegetation 
of Madagascar. To investigate habitat-related size variation, skull lengths 
of wild-caught adults were used to compare sizes of closely-related conspe- 
cific and congeneric “sister taxa.” More than 1,550 museum specimens 
were examined representing virtually all known forms of extant and sub- 
fossil Malagasy prosimians. A total of 98 pairwise, sister-taxa comparisons 
among 76 different taxa from six broadly defined ecogeographic regions 
revealed a consistent pattern of size variation: 1) the smallest Malagasy 
prosimians inhabit the semiarid forests, bush, and thickets of the South; 2) 
next largest are those from the dry deciduous forests of the West and the 
humid but seasonal forests of the Sambirano; 3) larger yet are those from 
humid tropical and secondary forests of the East; and 4) the largest of all 
are the extinct forms of the central highlands that lived in what was 
probably a savanna-bush-woodland mosaic in the past but is now grass- 
lands devoid of living prosimians. Taxa from the extreme North are more 
variable in size (small, intermediate, or large), which may reflect the 
mixture of local habitats in northern Madagascar. The ecogeographic size 
differences may be adaptive responses related to the carrying capacity of 
local environments such that smaller-sized species are favored where the 
resources they exploit are more limited. Field observations on behavioral 
thermoregulation, home range size, and population densities offer some 
support for this hypothesis. Ecologically induced size differences among 
local populations were probably one factor in speciation events leading to 
the modern diversity of the Malagasy primates. 
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INTRODUCTION 

The prosimian primates inhabiting the island of Madagascar provide fertile 
ground for studies of evolutionary biology in the field and laboratory. Comparative 
studies are particularly appropriate because of the natural experimental condi- 
tions provided by endemic radiations whose diversity equals that of the anthropoid 
primates distributed widely across Asia, Africa, and South America. If the extant 
and recently extinct Malagasy prosimians are considered together as a contempo- 
raneous fauna, then the taxonomic diversity totals about 20 genera representing 8 
families (our study analyzes 93 populations). Other measures of the diversity 
among Malagasy prosimians are 1) locomotor adaptations ranging from slow 
climbers to vertical clingers and leapers to arboreal and terrestrial quadrupeds; 2) 
feeding adaptations that include various combinations of insectivory, frugivory, 
gumivory, and folivory; and 3) differences in body size spanning more than three 
orders of magnitude from the 60 g mouse lemur to the extinct Archaeoindris that 
may have weighed well over 100 kg [see Petter e t  al., 1977, Tattersall, 1982, and 
Jenkins, 1987, for recent reviews of taxonomy, systematics, behavior, ecology, and 
morphology]. 

Equally diverse are the topography and related climatic and vegetational pat- 
terns of Madagascar (Table I and Fig. 1) [Ravet, 1952; Humbert, 1955; Paulian, 
1961, 1981, 1984; Battistini, 1972; Donque, 1972; GriEths & Ranaivoson, 1972; 
Koechlin, 1972; Martin, 1972a; Koechlin et al., 1974; Tattersall & Sussman, 1975; 
Petter et al., 1977; Pollock, 1979; Tattersall, 1982; Guillaumet, 1981, 1984; God- 
frey et al., 1990bI. The 1,600 km length of Madagascar is dominated by a central 
mountainous region such that 25-30% of the landmass is above 1,000 m with the 
highest peaks exceeding 2,500 m. These central highlands interact with prevailing 
weather patterns to create extreme regional differences in climate. For example, a t  
Toliara (formerly Tulear) on the southwest coast, rain falls on an  average of only 
32 days yearly amounting to 35 cm with less than 2 cm falling in each of 7 dry 
months. In contrast, at Toamasina (formerly Tamatave) on the east coast, there are 
239 rainy days totaling 347 cm with only 1 month below 10 cm [Ravet, 19521. 
Corresponding to this climatic variability are regional differences in the dominant 
floral formations. Thus, the southwest coast is characterized by subarid deciduous 
and sclerophyllous forests and brush while the east coast is covered with dense rain 
or humid secondary forests. 

Climatic and vegetational factors are important in understanding the zoogeo- 
graphic, evolutionary, and general biology of the Malagasy prosimians [e.g., 
Paulian, 1961; Martin, 1972a; Petter et al., 1977; Tattersall, 19821. A considerable 
literature exists on the morphological specializations of individual species as well 
as adaptive variation among species [e.g., among many others see Tattersall, 
1973b, 1982; Walker, 1974; Mahe, 1976; Petter et al., 1977; Seligsohn, 1977; 
Jungers, 1980; Oxnard, 1981; Crompton et al., 1987; Gebo, 1987; Godfrey, 1988; 
Oxnard et al., 19901. However, little comparative work has been directed a t  estab- 
lishing a direct association between the morphology of the Malagasy prosimians 
and the climatic and vegetational patterns that characterize Madagascar [e.g., 
Petter, 1972; Kay et  al., 19781. Our previous work on ecogeographic variation in 
primates [Albrecht, 1978, 1980a,b, 1982, 19831, and especially the subfossil Ar- 
chaeolemur from Madagascar [Godfrey & Petto, 1981; Godfrey et al., 1990b1, sug- 
gested that differences in body size among Malagasy prosimians might be associ- 
ated with differences in environment or habitat. 

We demonstrate the existence of a pattern of ecogeographic size variation that 
holds for nearly all Malagasy prosimians. Our analysis is based on correlations 
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TABLE I. Bioclimatic and Vegetational Characteristics of the Different Ecogeographic 
Regions of Madagascar 

Bioclimatic characteristics" 

Vegetational Characteristicsb Ecogeo- &Y 
graphic Rain- season 
region Zone fall (months) Domain Primary floral formations 

East 2 (3) >200cm 0 Eastern Humid tropical rain forest now 
widely replaced by humid 
secondary forest (savoka) 

Sambirano 4 >200 cm 3-4 Sambirano Humid secondary forest similar to 

Central 

West 

North 

South 

but differing in composition from 
forests of East 

West Central mosaic with elements of East 
Mountain and West; probably becoming 

drier and more seasonal from 
east to west" 

more sclerophytic (even 
xerophytic) in drier or southerly 
locales 

West but variable depending on 
locality and altitude 

forests along major water ways 
similar to those of West 

5,6,7 (1,2) 100-200 cm 1-6 East Central Savanna-bushland-woodland 

6,8,9 60-200 cm 6-8 Western Dry deciduous forest becoming 

6,8,10 40-200 cm 5-8 Western Dry deciduous forest similar to 

10 , l l  <60 cm 7-11 Southern Semiarid forest and thickets; 

"Bioclimatic zones from Figure 2.3 of Tattersall [1982; as adapted from Blasco in Humbert and Cours Darne, 
19651. 
bVegetational domains from Figure 2.4 of Tattersall 11982; as adapted from Humbert, 19551; primary floral 
formations summarized from text and Figure 2.6 ofTattersall[1982; as adapted from Humbert and Cours Darne, 
19651. 
'Presumed ancient flora based on MacPhee et al. [19851; today, the Central region is almost entirely grasslands. 

among 1) the climate and vegetation of Madagascar, 2) the geographic distribu- 
tions of living and subfossil prosimians, and 3) body size as estimated by greatest 
skull length. Our strategy is to look for common trends of skull size among con- 
specific or congeneric sister taxa that inhabit contrastingly different ecogeographic 
regions of Madagascar. In brief, we find that subfossil prosimians from the central 
highlands are generally the largest of all comparable taxa. Taxa from the humid 
forests of the east coast are larger than sister forms from the dry, seasonal forests 
of the west. The smallest Malagasy prosimians inhabit the semiarid scrub forests 
and brush of southern Madagascar. Prosimians inhabiting the humid but seasonal 
forests of the Sambirano in the northwest are similar to the prosimians of western 
Madagascar (i.e., larger than sister taxa from the South but smaller than closely 
related forms from the East and the central highlands). The ecological diversity of 
northern Madagascar is matched by a corresponding variability in size; prosimians 
from this region tend to be intermediate in size but exceptions are common includ- 
ing two subfossil taxa that are greater in size than even the large forms typical of 
central Madagascar. 
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Fig. 1. Ecogeographic regions of Madagascar [adapted from Tattersall, 19821. 

MATERIALS AND METHODS 
Extant Malagasy Prosimians 

We examined all specimens of extant Malagasy prosimians housed in the 
institutions listed in Table 11. These collections include all extant taxa and prob- 
ably contain 95% or more of the world's preserved specimens of wild-caught Mal- 
agasy prosimians. Our final analysis of ecogeographic variation is based on mea- 
surements of greatest lengths in a selected sample of 1,484 skulls of extant taxa 
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TABLE 11. Institutions Housing Skulls of Malagasy Prosimians (Not Including Data 
From Literature) 

Specimens 

Extant Fossil 

270 1 

246 10 

214 9 

205 

127 

125 

63 

46 
36 

35 
18 
16 
14 
11 
10 

49 
1 

5 

9 
9 

6 

1 

1 

3 

Institution, city, state, or country 

American Museum of Natural History (Departments of 
Mammals and Paleontology), New York, New York 

British Museum (Natural History) (Departments of 
Zoology and Palaeorrtology), London, British Ides 

Museum National d’Histoire NaturelIe (Laboratoires de 
Zoologie et d’Anatomie Compar6e; Institut de 
Paleontologie), Paris, France 

Netherlands 

Berlin, East Germany 

Cambridge, Massachusetts 

Rijksmuseum van Natuurlijke Historie, Leiden, The 

Museum fur Naturkunde, Homboldt University, East 

Museum of Comparative Zoology, Harvard University, 

Naturhistoriska Rijksmuseet, Stockholm, Sweden 
Academie Malgache, Antananarivo, Madagascar 
Naturhistorisches Museum, Vienna, Austria 
Forschuugsinstitut und Natur-Museum Sen-rg, 

United States National Museum, Washington, D.C. 
Naturhis4xisches Museum, Basel, Switzerland 
Zoologisk Museum, Copenhagen, Denmark 
Naturhistoriches Museum, Bern, Switzerland 
Musee d‘Histoire NaturelIe, Geneva, Switzerland 
Universit6 de Madagascar (Service de Paleontotogie; 
Service de Zoologie), Antananarivo, Madagascar 

Field Museum of Natural History, Chicago, Illinois 
Staatliches Museum fiir Naturkunde, Stuttgart, West 

Zooiogiska Museet, Uppeala University, Uppsala, 

Mu& Zoologique, Strasbourg, France 
Museo Civic0 di Sbria Naturale “G. Doria”, Genoa, Italy 
Zoologiska Museum, Lunds University, Lund, Sweden 
Zoologische Staatssammlung, Munich, West Germany 
Musee Guimet d’Histoire Naturelle, Lyon, France 
Zoologische Forschunginstitut und Museum Alexander 

Museo Zoologic0 de “La Specola”, University of Florence, 

Landessammlungen fur Naturkunde, Karlsruhe, West 

Duke University Primate Center, Durham, North 

Frankfurt, West Gemany 

Germany 

Sweden 

Koenig, Bonn, West Germany 

Florence, Italy 

Germany 

Carolina 

(Tables I1 and 111). Additionally, skull lengths for one specimen each of Allocebus 
trichotis and Propithecus tattersalli are taken from the literature. All specimens 
are wild-caught animals judged to be adult by their fully erupted dentitions and 
fused basisphenoid-basioccipital sutures. 

We include a specimen in the final analysis if it meets one or more of the 
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TABLE 111. Ecogeographic Distribution and Size of Malagasy Prosimians 

Taxa (listed by Ecogeographicb Skull length (mm)" 

subfamily)" distribution N Mean SD Range 
Family Lemuridae 
Lemur mongoz 

(Madagascar) 
Lemur mongoz (Anjouan 

Island) 
Lemur mongoz (Moheli 

Island) 
Lemur coronatus 
Lemur catta 
Lemur rubriventer 
Lemur macaco macaco 
Lemur macaco flavifrons 
Lemur fulvus fulvus 

Lemur fulvus rufus 

Lemur fulvus sanfordi 
Lemur fulvus albifrons 
Lemur fulvus rufus 

Lemur fulvus albocollaris 
Lemur fulvus mayottensis 
Lemur fulvus collaris 
Lemur fulvus fulvus 

Varecia variegata rubra 
Varecia variegata 

variegata 
*Pachylemur 

(Tsiandroina) 
*PachyZemur (Tsirave) 
*Pachylemur 

(Ampasambazimba) 
Family Lepilemuridae 
Lepilemur leucopus 
Lepilemur septentrionalis 
Lepilemur dorsalis 
Lepilemur ruficaudatus 
Lepilemur edwardsi 
Lepilemur 

microdonlmustel inus 
Hapalemur griseus 

occidentalis (western) 
Hapalemur griseus 

occidentalis 
(northwestern) 

Hapalemur griseus 
griseus 

Hapalemur griseus 
alaotrensis 

(western) 

(western) 

(eastern) 

(eastern) 

West 

Comoro Islands 

Comoro Islands 
North 
South, West 
East 
Sambirano 
West 

West 

West 
North 
East 

East 
East 
Comoro Islands 
East 

East 
East 

East 

South 
West 

Central 

South 
North 
Sambirano 
West (South) 
West 

East 

West 

Sambirano 

East 

East 

21 

11 

3 
21 
21 
62 
29 

6 

33 

52 
13 
56 

16 
21 
18 
23 

14 
15 

46 

1 
8 

6 

50 
4 

14 
31 
29 

43 

4 

8 

59 

3 

79.7 

80.7 

81.1 
80.2 
83.2 
87.0 
90.3 
92.5 

88.1 

88.4 
88.9 
90.1 

90.5 
90.9 
91.1 
91.3 

92.2 
104.8 

105.3 

114.9 
117.3 

123.6 

51.0 
53.6 
54.3 
57.5 
58.1 

58.4 

62.4 

62.7 

65.5 

68.9 

1.63 

1.60 

1.25 

2.02 
1.95 
2.22 

2.19 
2.04 

2.55 

2.52 
1.94 
2.60 

2.48 
2.50 
2.41 
1.77 

2.87 
1.81 

2.61 

2.65 

3.11 

1.21 
2.39 
1.28 
1.18 
2.34 

1.70 

2.00 

0.71 

1.95 

5.65 

76.5-82.3 

78.1-82.9 

79.7-82.0 
77.0-83.6 
79.0-86.7 
82.9-93.0 

84.2-93.3 
89.9-95.0 

83.2-93.0 

82.2-92.4 

85.1-95.3 

86.1-94.5 

85.6-92.8 

86.5 -95.1 
87.3-95.3 
87.0-94.5 

88.2-97.5 
100.8-107.0 

99.6-111.7 

114.6-122.8 

118.6-127.2 

48.1-53.5 
51.1-56.6 
52.6-56.2 
55.6-61.0 
53.7-61.9 

55.1-62.0 

61.1-65.4 

61.6-63.7 

62.2-71.0 

63.2-74.5 
(continued) 



TABLE 111. Ecogeomaphic Distribution and Size of Malagasy Prosimians (Continued) 
b Skull length (mm)” 

Taxa (listed by Ecogeographic 
subfamily)“ distribution N Mean SD Range 

Hapalemur aureusd 

*Hapalemur simus 
(Andrafiabe) 

Hapalemur simus 
*Hapalemur simus 

(Ampasambazimba)” 
Family Megaladapidae 
* Megaladapis 

madagascariensis 
(southerdf 

* Megaladapis 
madagascariensis 
(Anjohibe) 

*Megaladapis grandidieri 
(Ampasambazimba) 

*Megaladupis edwardsi 
(southernIg 

*Megaladapis edwardsi 
(Amp o z a) 

Family Indridae 
Avahi laniger 

occidentalis 
Avahi laniger laniger 
*Avahi laniger 

Propithecus verreauxi 

Propithecus uerreauxi 

Propithecus verreauxi 

Propithecus verreauxi 

Propithecus verreauxi 

*Propithecus verreauxi 

(Ampasambazimba)h 

verreauxi 

verreauxi 

coronatus 

coquereli 

deckeni 

(uerreawoides) 
(Tsirave) 

Propithecus tattersatli’ 
Propithecus diadema 

holomelas 
Propithecus diadema 

perrieri 
Propithecus diadema 

edwardsi 
Propithecus diadema 

candidus 
Propithecus diadema 

diadema 
*Propithecus diadema 

ssp. 
(Ampasambazimba) 

East Intermediate between 
H .  griseus & H. simus 

North 1 82.0 
East 5 83.6 3.72 79.4-88.5 

Central In high range of H. simus (recent) 

South Smaller than West & Central 

West 1 244.6 

Central 2 280.6 10.04 2735,287.7 

South 10 296.0 

West 1 307.8 

277.0-317.0 

Sambirano, West 7 51.7 1.59 50.2-54.4 
East 58 54.2 1.81 50.9-57.7 

Central Postcranium more robust than East 

West 24 80.2 1.74 77.6-84.1 

South 39 81.3 1.87 77.9-85.8 

West 32 82.8 1.99 78.1-86.8 

West 26 83.2 1.84 80.0-87.4 

West 19 83.9 2.60 80.2-89.2 

West 3 84.2 2.11 82.9-86.8 
North 1 83.0 

East 7 85.7 1.57 82.8-87.1 

North 2 87.0 0.85 86.4,87.6 

East 19 88.5 2.28 84.3-92.1 

East 17 90.7 1.79 87.3-93.4 

East 22 91.2 2.79 85.9-95.5 

Central Postcranium more robust than extant forms 
(continued) 



TABLE 111. Ecogeographic Distribution and Sue of Malagasy Prosimians (Continued) 

Taxa (listed by Ecogeographicb Skull length (mm)' 

subfamily)" distribution N Mean SD Range 

"Mesopropithecus 

"Mesopropithecus 

*Mesopropithecus 

"Mesopropithecus 

Zndri indri (eastern) 
"Zndri indri 

(Ampasambazimba)' 
Family 

Archaeolemuridae 
*Archaeolemur 

(southern) 
"Archaeolemur 

(Ampoza-Ankazoabo & 
Tsirave)"' 

*Arc haeolemur 
(Ampasambazimba & 
Antsirabe) 

"Archaeolemur 
(Amparihingidro & 
Anjohibe) 

"Archaeolemur 
(Ankarana) 

"Hadropithecus 
(Andrahomana) 

*Hudropi thecus (Tsirave) 
"Hudropithecus 

(Ampasambazimba)" 
Family 

Palaeopropithecidae 
*Palaeopropithecus 

(Anjohibe) 
"Palaeopropithecus 

(southern) 
*Palaeopropithecus 

(Ampasambazimba) 
*Archaeoindris 

fontoynontii 
(Ampasambazimba) 

Family Daubentoniidae 
Daubentonia 

(Ankazoabo & Beloha) 

(Tsirave)' 

(Ampasambazimba)k 

(Ankarana) 

madagascariensis 
(northwestern) 

Daubentonia 
madagascariensis 
(eastern) 

*Daubentonia robusta 
(Tsirave)" 

Family Cheirogaleidae 
Microcebus murinus 

(southern) 

South 

West 

Central 

North 
East 

Central 

South 

West 

Central 

West 

North 

South 
West 

Central 

West 

South 

Central 

Central 

Sambirano, West 

East 

West 

South 

3 94.0 0.74 93.4-94.8 

1 94.5 

3 98.9 4.30 94.5-103.1 

1 105.5 
73 102.6 2.86 95.9-108.2 

Postcranium larger than extant Z .  indris 

11 

4 

16 

2 

1 

1 
1 

1 

1 

10 

1 

2 

4 

128.5 3.46 123.2-134.5 

131.3 3.34 128.0-135.0 

146.4 4.08 138.5-154.0 

150.0 2.83 148.0,152.0 

153.9 

131.0 
141.0 

Relatively large postcranial bones 

161.9 

184.5 

194.0 4.16 190.0-200.0 

269.3 

82.1 82.1,82.1 

89.0 2.30 85.6-90.5 

Postcranium larger than extant form 

216 31.9 0.91 29.6-34.3 
(continued) 
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TABLE 111. Ecogeographic Distribution and Size of Malagasy Prosimians (Continued) - - -  I -  

Taxa (listed by Ecogeographicb Skull length (mmY 
subfamily)” distribution N Mean SD Range 

Microcebus murinus 
(western) 

Microcebus rufus 
(northwestern) 

Microcebus rufus 
(eastern) 

Microcebus coquereli 
(northwestern) 

Microcebus coquereli 
(western) 

Allocebus trichotisP 
Phaner furcifer (western) 
Phaner furcifer 

(northwestern) 
Phaner furcifer 

(northern) 
Phaner furcifer (eastern)q 
Cheirogaleus medius 

(western only) 
Cheirogaleus major 

(eastern only) 
*Cheirogaleus 

( Ampasambazimba)’ 
Family Incertae Sedis 
*Babakotia radofilai” 

West 

Sambirano 

East 

Sambirano 

West 
East 
West 

Sambirano 

North 
East 

West 

East 

Central 

North 

31 

3 

41 

5 

11 
2 

18 

7 

2 

36 

19 

1 

32.5 0.73 30.8-33.6 

32.6 1.39 31.4-34.1 

32.6 1.52 30.6-36.0 

50.4 1.60 48.0-52.3 

50.9 2.18 46.3-53.0 
36.9 0.99 36.2,37.6 
53.1 1.22 51.0-55.4 

54.3 1.08 53.2-56.1 

56.0 0.28 55.8,56.2 
Larger than western P. furcifer 

40.6 1.40 38.0-43.3 

54.3 3.37 47.6-60.9 

61.0 

Larger than Zndri 

“Classification according to Jenkins L19871. Taxa are arranged by increasing size within each Subfamily. Taxa 
represented by subfossils are indicated by asterisks (*I. 
bSee Table I and Figure 1 for ecogeographic regions. The distributions of living taxa are based on the maps and 
accompanying species descriptions provided by Petter et al. [19771, Petter & Petter-Rousseaux [19791, Tattersall 
[19821, and Jenkins [19871 with modifications as described in the text based on our own work with museum 
material. The distributions of extinct taxa were determined by the location of fossil sites as summarized by 
Tattersall [1982:206-2451 unless otherwise noted. 
‘Maximum length (opisthion-prosthion). See text for those entries not based on skull length. See Table IV for 
statistical significance of differences between mean skull lengths for taxa from different ecogeographic regions. 
dBased on body weights and lengths in Meier et al. [1987:2121. 
“Based on craniodental dimensions from Vuillaume-Randriamanantena et al. 11985; some data unpublished]. 
’Based on unpublished postcranial and craniodental dimensions from Vuillaume-Randriamanantena & Godfrey 
[in press] and some unpublished data. 
gData from Tattersall [1982:233; variance estimate not given]. 
hBased on comparison of subfossil postcranial dimensions given by Lamberton [1939:551 with our data for extant 
A. laniger. 
’Datum from Simons [1988:1441. 
’Datum from Lamberton [1939:20, “glopiceps specimen a”]. 
kDatum for one specimen from Standing [1908:96, “pithecoides specimen 3”l. 
‘Based on comparison of subfossil postcranial dimensions given by Lamberton [1939:521 with our data for extant 
I. indri. 
“All specimens are subadult (see text). 
“Based on postcranial comparisons using data from Godfrey [1977; some data unpublished]. 
OBased on comparisons of subfossil postcranial dimensions given by Lamberton [1934:41-451 with our data for 
extant D. madngascariensis. 
PSkull length of smaller specimen from Tattersall [1982:1301. 
qBased on statement about comparative size by Petter et al. [1975:2091. 
Vatum from Standing 11906:lOOl. 
“Based on size of maxillary teeth [Godfrey et al., 1990al. 
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following criteria: 1) information about locality and collector is consistent with the 
known range of the taxon, 2) identification is possible on the basis of an accom- 
panying skin, and 3) the skull confirms the identity of those taxa that are mono- 
typic and morphologically unique. These criteria were applied differentially to 
ensure the precise identity of every specimen within the context of our study. For 
example, extant Indri indri is monotypic, limited to one ecogeographic region, and 
distinctive in its skull morphology; accordingly, we use every wild-caught speci- 
men even if it lacks an accompanying skin or information about its exact origin. In 
contrast, Lemur fulvus is polytypic, distributed in most ecogeographic regions in 
sympatry with other lemurs, and difficult to distinguish by skull characters from 
some of its congeners; therefore, we include a specimen only if it is from a known 
locality and it has an identifiable skin. 

The taxonomy and distribution of the Malagasy prosimians are presented in 
Table 111. For living forms, we adopt the taxonomy and nomenclature of Jenkins 
[1987]. The distributions are based primarily on the maps and ranges described in 
Petter et al. [19771, Petter & Petter-Rousseaux [19791, Tattersall U9821, and Jen- 
kins [1987] with certain modifications based on our own experience with museum 
material. Whenever practical, we divide those taxa that range across two or more 
ecogeographic regions into separate samples. Figures 2 and 3 exemplify the dis- 
tributional patterns of living prosimians. All extant forms are limited to the 
coastal regions of Madagascar and none occupy the central highlands now devoid 
of suitable habitat. 

Subfossil Malagasy Prosimians 
Perhaps one third of the diversity of Malagasy prosimians is known from 

subfossil forms that are now extinct. We consider these together with living species 
as a single, contemporaneous fauna. The oldest date available for a primate- 
bearing subfossil site is 8245 BP at Ampasambazimba in central Madagascar 
[MacPhee et al., 19851. The only prosimian remains actually dated indicate that 
Megaladapis was extant at Ampasambazimba just over 1,000 years ago [Tattersall, 
1973al. Available evidence from archaeological sites indicates that some extinct 
prosimians survived into the current millennium [Dewar, 19841. In comparison, 
the oldest specimens of the extant species in Table I11 were collected about 120 
years ago and about half date from the last third of the 19th century. 

We measured the skull lengths of 78 subfossils housed in the seven institutions 
listed in Tables I1 and 111. Greatest lengths of another 13 skulls are taken from the 
literature as noted in Table 111. These specimens represent every kind of extinct 
Malagasy prosimian that is geographically or taxonomically unique. 

Information on the identity, taxonomy, and distribution of subfossil taxa is 
derived from a variety of sources as indicated in summaries provided with our 
results. For most subfossils, we ignore the current species designations in favor of 
assigning specimens to geographic populations. Figure 4 shows the known distri- 
bution of Archaeolemur, which is one of the better known subfossil prosimians of 
Madagascar. 

Skull Length as a Measure of Body Size 
We use mean maximum skull length (prosthion-opisthocranium) as an esti- 

mate of relative size when comparing sister taxa of living and subfossil Malagasy 
prosimians (Table 111). Skull lengths were measured to the nearest 0.1 mm using 
dial or digital calipers and a standard measurement protocol adopted by all three 
authors. The specimens of extant Malagasy prosimians in the British Museum 
(Natural History) were measured by Jenkins; all subfossils as well as specimens of 
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Lemur fulvus 
88.9 

Sanford i 

& 

L. f. albocollaris 

Fig. 2. Distribution and comparative size of Lemur fuluus on Madagascar. Mean skull length is given for each 
subspecies; other statistics are given in Table 11. The boundaries of the ecogeographie regions shown in Figure 
1 are superimposed with the Central region stippled. 

extant taxa in Malagasy collections were measured by Godfrey; all other speci- 
mens were measured by Albrecht. 

Skull length is used as the primary measure of size for a variety of reasons. 1) 
It is a reasonable estimator of comparative size when investigating conspecific and 
congeneric sister taxa; we do not suggest that it is an absolute measurement of 
body size appropriate for comparisons among more distantly related taxa [how- 
ever, see Steudel, 1981, and Dechow, 19831. 2) As opposed to more anatomically 
restricted size estimates (e.g., dental dimensions), skull length spans and, there- 
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Lepilemur septentrionalis 

L. ruficaudatus 

Fig. 3. Distribution and comparative size of Lepilemur on Madagascar. Mean skull length is given for each 
species with Lepilemur microdon and L. mustelinus combined as a single taxon; other statistics are given in 
Table 11. The boundaries of the ecogeographic regions shown in Figure 1 are superimposed with the Central 
region stippled. 

fore, “averages” a variety of adaptive compIexes such as the facial skeleton and 
neurocranium. 3) Skull length is conveniently and reliably measured with mini- 
mal differences between workers. 4) Sample sizes are maximized because skulls 
form the vast majority of preserved skeletal materials. 5) Weights or linear field 
measurements of body size rarely accompany museum specimens and, when avail- 
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ARCHAEOLEMUR 
LOCALITIES 

Ampasambazimba 
& Antsirabe 

146.4 

Am poza-An kazoab 
& Tsirave 

131.3 

Southern S 
128.5 

Fig. 4. Distribution and comparative size of the subfossil Archaeolemur on Madagascar [adapted from Godfrey 
& Petto, 1981; Godfrey et al., 1990bl. The markers indicate subfossil sites that yielded skulls of Archaeolemur 
used in this study. Mean skull length is given for each population; other statistics .are given in Table 11. The 
boundaries of the ecogeographic regions shown in Figure 1 are superimposed with the Central region stippled. 

able, suffer in terms of reliability as well as comparability among collectors; ad- 
ditionally, body weights of some Malagasy prosimians are known to be seasonally 
variable. 

All values reported in Table I11 were calculated by combining males, females, 
and specimens of unknown sex since the Malagasy prosimians exhibit little if any 
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sexual dimorphism in size. For example, there is no sexual dimorphism in a variety 
of craniodental dimensions for the four extant species of Indridae [Gingerich & 
Ryan, 19791 and no sexual differences in skull lengths for ten unspecified Mala- 
gasy taxa [Tattersall, 1982:381. Our own data on skull lengths provide only one 
substantive case of sexual dimorphism, albeit slight in magnitude, when compar- 
isons are limited to single localities represented by ten or more specimens of known 
sex collected at one time [Jenkins & Albrecht, 19901. The one exception is Micro- 
cebus rnurinus females whose skull length averages 0.6 mm greater than males 
(P<O.OOl)  based on a collection of almost 200 skulls from Amboasary-Sud in south- 
ern Madagascar. Although there may be very limited sexual dimorphism in some 
populations, the magnitude of such sexual differences appears less than that ob- 
served among localities within one taxon. 

When skull length is not available for a taxon, we substitute other information 
on relative size as summarized in Table 111. All postcranial data used for such 
comparative purposes were collected by Godfrey unless noted. 

Ecogeographic Regions 
We divide Madagascar into the six ecogeographic regions summarized in Table 

I and mapped in Figure 1. To reduce confusion, the first letter of these ecogeo- 
graphic regions is always capitalized while compass directions are always lower 
case (e.g., the South of Fig. 1 includes the southwest coast of Madagascar). The 
climatic characteristics follow Figure 2.3 of Tattersall [1982] who relied on the 
pattern established by Legris and Blasco in Humbert & Cours Darne [1965]. The 
vegetational domains and floral formations of Madagascar follow Figures 2.4 and 
2.6 of Tattersall 11982; similar maps following the pattern established by Hum- 
bert, 1955, can be found in Paulian, 1961; Koechlin, 1972; Martin, 1972a; Koechlin 
et al., 1974; Tattersall & Sussman, 1975; Petter et al., 1977; Pollock, 1979; Guil- 
laumet, 1984; Godfrey et al., 1990bl. 

The ecogeographic distributions of the taxa listed in Table I11 are derived by 
comparing their geographic ranges to the ecogeographic regions outlined in Figure 
1 (see Figs. 2-4). Minor or marginal overlap of geographic distributions with 
ecogeographic regions are given in parentheses. Taxa with their primary distri- 
bution limited to the Sambirano may overlap with the three surrounding ecogeo- 
graphic regions although this is not indicated in Table 111. 

The habitats of the recently extinct subfossil taxa were broadly classified ac- 
cording to modern patterns except for the Central region as discussed in the next 
paragraph. There is little doubt that Madagascar has undergone changes in its 
vegetation over the last several thousand years [Tattersall, 1982; Dewar, 1984; 
MacPhee et al., 1985; Burney et al., 1986; MacPhee, 19861. Some workers hypoth- 
esized an increasing aridity while others attributed the changes to habitat degra- 
dation and loss associated with human activities over the last 1,500 years. In any 
case, the changes appear to be related more to  the extent rather than the type of 
available habitat. 

The central highlands are the most drastically altered region of Madagascar. 
The center of the island is now almost entirely covered by grasslands (including 
the eastern parts of the West totalling about 55% of the land area). The most recent 
evidence based on pollen analysis suggests that 7,000-8,000 years ago this Central 
region was covered by a savanna-bushland-woodland mosaic whose forests were a 
mixture of species from eastern and western Madagascar [MacPhee et al., 19853. 

It is important to remember that no living prosimian now occurs in the interior 
of Madagascar (Central region) because of floral changes attributable, a t  least 
partially, to recent human intervention. Equally important, the primate fauna of 
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[Sokal and Rohlf, 1981:231]. Comparisons between sister taxa from different geo- 
graphic regions that are not statistically significant (P>0.05) are enclosed by 
brackets in Table IV. 

Our conclusions about ecogeographic size variation rely on repetition of pat- 
tern more than specific comparisons between any two sister taxa. There are 98 
pairwise comparisons possible between sister taxa from different ecogeographic 
regions; these comparisons involved 76 different taxa (Tables IV and V). Nearly 
one half of the sister-taxa comparisons do not by themselves represent statistically 
significant differences in skull lengths. Nevertheless, with few exceptions, the 
direction of differences reveals a remarkably consistent pattern of habitat-related 
size variation. For example, prosimians from the central highlands are larger than 
sister taxa from other regions in 23 of 26 comparisons but only seven represent 
significant differences. This directional result among essentially independent com- 
parisons is an unlikely statistical event compared to the null hypothesis of random 
size relationships among sister taxa. It suggests that some underlying, common 
factor is responsible for the size differences among sister taxa. 

RESULTS 
The ecogeographic distributions and average skull lengths for living and re- 

cently extinct Malagasy prosimians are presented in Table I11 arranged by increas- 
ing size within each family. Figures 2-4 exemplify the species distributions, eco- 
geographic regions, and skull sizes for sister-taxa comparisons of Malagasy 
prosimians. In the following paragraphs, we briefly discuss each genus in the order 
listed in Table 111. 

Lemur 
Five species are distributed allopatrically in the coastal regions of Madagas- 

car. Four of these are monotypic (L. mongoz, L. coronutus, L. catta, and L. rubriven- 
ter) while L. macaco has two subspecies that we compare to each other. A sixth 
species, L. fulvus, has six subspecies widely distributed in Madagascar that we 
compare to one another as sister taxa (a seventh subspecies is from the Comoro 
Islands). 

Comparisons among L. mongoz, L. coronatus, L. cutta, and L. rubriventer are 
excluded from the main analysis. The diversity among these monotypic taxa sug- 
gests a degree of relatedness that makes intrageneric comparisons less meaningful 
than comparisons among the subspecies of L.  macaco and L. fuluus. The ring-tailed 
lemur, L. cattu, has been subgenerically or even generically separated from the 
other lemurs in recognition of its many differences [Gray, 1863; Hill, 1953; Bolwig, 
1961; Dene et al., 1980; Schwartz & Tattersall, 1985; Groves & Eaglen, 1988; 
Simons & Rumpler, 1988; Groves, 19891. The skulls of L. mongoz and L. rubriven- 
ter have unique features that distinguish them from one another as well as from 
other lemurs [Major, 19011. 

The two subspecies of black lemur, L. macuco, are distributed in northwest 
Madagascar. The smaller L. mucuco macaco (average skull length=90.3 mm) is 
limited to the Sambirano (13-14"s latitude); this includes four specimens from 
Nosy-Be that do not differ in size from the mainland form. The taxonomic distinc- 
tiveness and limited distribution of the significantly larger L. m. fluvifrons (92.5 
mm) in the most northerly part of the West (14-14.5"s) was recently confirmed 
[Koenders et al., 19851. 

The six Malagasy subspecies of brown lemurs, L. fuluus, are distributed almost 
continuously in coastal regions except for the south and southwest (the range of L. 
catta) and the Sambirano (the range of L. macuco) (Fig. 2). In other places, brown 
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the recent past is poorly known for most of Madagascar [Mahe, 1972; Martin, 
1972a; Tattersall, 1982; Dewar, 19841. About half of the fossil sites fall within the 
South and another quarter in neighboring areas of the southernmost part of the 
West. Knowledge of prosimians that at one time occupied the central highlands is 
derived primarily from Ampasambazimba, a highly productive locality from which 
14 or 15 different taxa are known [Tattersall, 1973b; Dewar, 1984; MacPhee et al., 
1985; Vuillaume-Randriamanantena et al., 19851. Preliminary data are available 
for several subfossils from sites in northern Madagascar (the North and the north- 
ern part of the West); the numbers of these specimens will likely increase due to  
ongoing palaeontological investigations in these regions [Gagnon et al., 1988; Vuil- 
laume-Randriamanantena & Ralaiarison-Raharizelina, 1987; Simons et al. , 19901. 
No subfossil prosimians are known from the East or the Sambirano. 

Two lemurs occur on the Comoro Islands situated 300-500 km northwest of 
Madagascar. Little if any original forest remains and the existing flora varies 
considerably on any one island as well as between different islands. The lemurs of 
Mayotte Island live in seasonal gallery forests in a climate characterized by about 
150 cm yearly rainfall with a dry season of about 5 months [Tattersall, 19771. Thus, 
when roughly summarized by the parameters of Table I, the Comoro Islands are 
intermediate between the East and West ecogeographic regions, probably most 
similar to the moister regions of the West. We treat the Comoro Island lemurs 
separately from the main analysis because of the possible confounding effects of 
insular isolation on body size [e.g., see Sondaar, 1977; Heaney, 1978; Wassersug et 
al., 1979; Albrecht, 1980a, 19831. 

Sister Taxa Comparisons 
Our analysis is based on comparisons of relative size among conspecific or 

congeneric sister taxa that inhabit the different ecogeographic regions of Mada- 
gascar (see Tables IV and V). The term “sister taxa” is not used here in the 
conventional cladistic context but we mean forms so closely related that they do 
not exhibit major adaptive differences besides those necessitated by the ecogeo- 
graphic regions they may inhabit. In general, we limit sister taxa comparisons to 
the lowest taxonomic level possible. Sometimes this means comparing the different 
populations of a single taxon that occur in different regions (e.g., comparing Lemur 
fulvus fulvus from the west and east coasts). Other times, it means comparing 
conspecifics from different regions (e.g., comparing the subspecies L .  f. sanfordi 
and L.  f. albifrons). The highest level comparisons involve congeners but we avoid 
those cases marked by considerable differentiation of species within a genus (e.g., 
we compare Microcebus murinus and M .  rufus but omit comparison of these two 
with the much larger and more differentiated congener, M .  coquereli). In other 
words, as a rough guide, we exclude all comparisons among congeners that could 
arguably be assigned to different species groups, different subgenera, or, by some, 
even different genera. Species level differentiation is poorly documented for the 
subfossils but it is likely that the average taxonomic level of our sister group 
comparisons exceeds that for extant taxa. No comparisons are possible for those 
monotypic taxa confined to a single ecogeographic region and none are made be- 
tween sister taxa occupying the same region. 

When size differences between any two sister taxa are not so large as to be 
obvious, a simple t test evaluates the probability of the two sample means being 
drawn from populations with the same skull length [Sokal and Rohlf, 1981:226]. 
When comparing a single specimen with the mean of another taxon, a t test eval- 
uates the probability that the single specimen is derived from a population whose 
skull length is the same as that represented by the sample mean of the taxon 
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of the subfossils look very much like those of Varecia, the postcrania are suffi- 
ciently distinct to warrant generic separation [Lamberton, 1948; Jouffroy, 1960; 
Ravololonarivo, 19901. If generic separation of Lemur and Varecia is warranted, 
then generic separation of Pachylemur is also necessary. 

Two species of Pachylemur are generally recognized but the taxonomy is de- 
batable [Tattersall, 1982:241; Vuillaume-Randriamanantena, 1982; Ravololonar- 
ivo, 19901. Specimens from the central highlands are usually assigned to P. jullyi, 
while the smaller, more gracile specimens from the south and southwest are given 
the name P. insignis. We disregard these species designations in favor of dividing 
the subfossils into three geographic populations. 

The one specimen from the South on which skull length can be taken was 
found at  Tsiandroina (114.9 mm). This specimen falls within the lower part of the 
size range of specimens from Tsirave (117.3 mm) in the southern part of the West. 
The Ampasambazimba subfossils (123.6 mm) from the central highlands are sig- 
nificantly larger than the Tsiandroina and Tsirave material. Pachylemur is now 
known from the North (Ankarana Mountains) but no skull nor other measures of 
comparative size are available [Simons et al., 19901. 

Lepilemur 
There are seven sportive (or weasel) lemurs distributed allopatrically and 

almost continuously in the coastal regions of Madagascar (Fig. 3). We treat these 
seven as distinct species as do Petter et al. [19771 and Groves [19891 but others 
regard all sportive lemurs as conspecific [e.g., Tattersall, 19821. While the exact 
level of classification awaits definitive taxonomic treatment, there is little doubt 
that Lepilemur can be considered as a group of closely related sister taxa for the 
analysis of ecogeographic variation. 

The chromosomal variants of L.  septentrionalis from northern Madagascar 
[Rumpler and Albignac, 19751 are treated as a single taxon. We combine data for 
L. microdon and L. mustelinus, both from the humid East, because most specimens 
were not identified according to the distinguishing craniodental features at the 
time skull lengths were measured. Moreover, since these taxa are sympatric along 
the central east coast, it is not possible to allocate specimens on the basis of locality 
information. We use the Tsiribihina River to divide L.  ruficaudatus and L.  ed- 
wardsi which are difficult to distinguish from one another using external charac- 
ters of preserved skins. 

The white-footed L. leucopus (51.0 mm), from the semiarid South (23.5- 
25.5"S), is significantly smaller than any other sportive lemur. The northern sport- 
ive lemur, L. septentrionalis (53.6 mm), from the northern tip of Madagascar (12- 
13"s) does not differ significantly from the gray-backed sportive lemur, L. dorsalis 
(54.3 mm), from the Sambirano (13-14"s) [using different specimens, Jungers & 
Rumpler, 1976, reported means of 52.4 mm and 55.7 mm, respectively, that are 
significantly different from one another]. Larger yet are the sportive lemurs from 
the dry forests of the West; these are the red-tailed sportive lemur, L.  ruficaudatus 
(57.5 mm), distributed south of the Tsiribihina River into the subarid forests of the 
South (19.5-23"S), and Milne-Edwards' sportive lemur, L. edwardsi (58.1 mm), 
from more northerly forests (15-19.5"s). The largest members of the genus are the 
small-toothed sportive lemur, L. microdon, and the weasel-like lemur, L. mustel- 
inus, from the humid forests of the East (14-25"s) whose combined mean skull 
length is 58.4 mm. 
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lemurs occur by themselves or in sympatry with a congener. The grasslands of 
Madagascar's interior separates east and west coast populations of both L. f. fuluus 
and L. f. rufus that we treat separately. Our preliminary observations on museum 
specimens suggest that previously mapped ranges of brown lemurs, especially on 
the east coast, need to be revised [also, see Groves, 19893. We have excluded all 
specimens from problematic localities where there is preliminary evidence of pos- 
sible intergradation or, in some cases, sympatry. 

The smallest brown lemurs are those from the forests of northern Madagascar 
and the dry West. The common brown lemur, L. f .  fuluus (88.1 mm), is from the 
northern part of the West (15-16.5"s); there are no preserved specimens and there 
is no information about the relative size of populations reported from the Sambi- 
ran0 [Tattersall, 1976al. The red-fronted lemur, L. f. rufus (88.4 mm), is distributed 
widely in the West (16.5-23"s). Sanford's lemur, L. f. sunfordi (88.9 mm), occurs in 
the Ankarana mountains and forests of the Ambohitra (formerly Mt. d'Ambre) 
region in the North (12.5-13"s). 

Brown lemurs from the humid forests of the East are larger than their con- 
specifics from the North and dry West although comparisons between L. f .  sunfordi 
and the two smallest eastern forms are not statistically significant. Only the small- 
est and largest of the eastern subspecies differ significantly in size. The white- 
fronted lemur, L. f .  albifrons (90.1 mm), occurs in the northernmost tropical forests 
of the East (13.5-16"s). The distributional limits of the east coast form ofL. f .  rufus 
(90.5 mm) are poorly understood (about 20-22.5"s). The poorly differentiated 
white-bearded lemur, L. f. albocollaris (90.9 mm), and collared lemur, L. f. colluris 
(91.3 mm), occur in adjacent regions of southeastern humid forests (22.5-25"s). 
The largest of all brown lemurs is the east coast population of L. f .  fuluus (92.2 mm) 
whose range in the humid tropical forests of the central East is also poorly under- 
stood (about 16-20"s). 

The two lemurs found on the Comoro Islands are probably the result of human 
introductions across the Mozambique Channel [Tattersall, 197613519]. Mayotte 
Island is inhabited by a brown lemur usually given subspecific status as L. fuluus 
muyottensis but actually not distinguishable from L. f .  fuluus of Madagascar. The 
Mayotte lemur (91.1 mm) is intermediate in size between the smaller western (88.1 
mm) and the slightly larger eastern (92.2 mm) populations of L. f .  fuluus. Moheli 
and Anjouan Islands are inhabited by a form referable to L. mongoz that has not 
received subspecific status on the same grounds of geographic isolation used to 
separate the Mayotte lemur. Lemur mongoz from Anjouan Island (80.7 mm) and 
Moheli Island (81.1 mm) are slightly but not significantly larger than mongoose 
lemurs (79.7 mm) from the western forests of Madagascar. 

Varecia 
The ruffed lemurs are the largest of the living Lemuridae. Both subspecies 

inhabit the humid forests of the East. The smaller red-ruffed lemur, V.  uuriegatu 
ruber (104.8 mm), is restricted to the Masoala Peninsula (15-16"s) while the 
larger, more widespread black-and-white-ruffed lemur, V. u. uuriegutu (105.3 mm), 
is found throughout the central east coast (15-23"s). The latter subspecies includes 
at least four distinct pelage variants that are of uncertain taxonomic significance. 
All specimens collected a t  Bevato Village, 40 km NW of Maroantsetra, are omitted 
because of hybrids between the two subspecies known from that locality. 

Pachylemur 
The subfossils that we treat as Puchylemur are usually assigned to Lemur or 

Vureciu [see Tattersall, 1982:240-242, for review]. While the crania and dentition 
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Hapalemur 
The three species of gentle or bamboo lemurs differ by about three-fold in body 

weight. All three are known from the Ranomafana forest in southeast Madagascar 
that shelters the only known living populations of the two larger species [Meier et 
al., 19871. We make no comparisons among these specialized species because the 
sympatry , the size differences, and other morphological differences [Vuillaume- 
Randriamanantena et al., 19851 suggest that the gentle lemurs represent at least 
two subgenera. 

The western gentle lemur, H. griseus occidentalis, is known from disjunct, 
isolated populations associated with bamboo forests in the dry West (16-19"s; 62.4 
mm) and the moister Sambirano (13.5-14"s; 62.7 mm) that do not differ signifi- 
cantly in skull length. The larger, more commonly collected gray gentle lemur, H. 
g .  griseus (65.5 mm), has a continuous distribution throughout the humid forests 
of the East (14-25"s). The largest subspecies is the Alaotran gentle lemur, H. g.  
alaotrensis (68.9 mm), which is restricted to reed beds near Lake Alaotra (17-18"s) 
in eastern Madagascar; this animal is considered a full species by Groves [19891. 
We did not consider H. griseus meridionalis, a recently described subspecies based 
on minor karyological differences [Warter et al., 19871. The specimens, on which 
the inadequate description is based, were collected just north of Tblanaro (formerly 
Fort Dauphin) in southeastern Madagascar. No cranial measurements are avail- 
able but the head and body length of one specimen is within the size range of H. 
griseus griseus, while the other appears slightly larger. 

The golden bamboo lemur, H .  aureus, was recently discovered near Ranoma- 
fana in eastern Madagascar (21-21.5"s) [Meier et al., 19871. There are no museum 
specimens but measurements of body length and body weight for two living ani- 
mals indicate that H. aureus is larger than H .  griseus and smaller than H. simus. 

The broad-nosed or greater bamboo gentle lemur, Hapalemur simus, is known 
from one population in Ranomafana forest, a few wild-caught museum specimens 
collected over the last 100 years from eastern Madagascar, and some subfossils 
from central, northern, and western Madagascar including some formerly referred 
to as H .  gallieni [Godfrey & Vuillaume-Randriamanantena, 19861. All are proba- 
bly conspecific since the differentiation in the assemblage appears to be no greater 
than the variation seen in any subspecies of H.  griseus [Vuillaume-Randriamanan- 
tena et al., 19851. The average skull length for specimens from the humid East is 
83.6 mm. A single, subfossil skull from Andrafiabe [Wilson, 19851 in the North 
(82.0 mm) is slightly smaller but within the range of variation for extant H .  simus 
from the East. The craniodental dimensions of the fragmentary remains from 
Ampasambazimba in the Central region fall a t  or near the upper extreme of values 
for museum specimens from the humid East and, therefore, appear also to be larger 
than the single specimen from the North. These are provisional results that may 
need revision when recent subfossil discoveries in northwestern and extreme 
northern Madagascar are taken into account [Gagnon et al., 1988; Vuillaume- 
Randriamanantena & Ralaiarison-Raharizelina, 1987; Simons et al., 19901. 

Megaladapis 
Three species of megaladapids are generally recognized: M. grandidieri from 

the central highlands, M. madagascariensis from the South and West, and M .  
edwardsi from the South and southernmost West. Recent comparisons of their 
postcranial and craniodental anatomy suggest that these species represent two 
distinct lineages [Godfrey and Vuillaume-Randriamanantena, 1988; Vuillaume- 
Randriamanantena & Godfrey, in press]: 1) Megaladapis edwardsi, largest of all, 
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is differentiated from the other megaladapids on the basis of size and shape dif- 
ferences; and 2) the relatively small, more gracile M. madagascariensis and the 
larger, more robust M .  grandidieri appear to be scaled versions of one another that 
are closely related. Accordingly, we treat M. edwardsi and M.  madagascariensisl 
grandidieri separately when making ecogeographic comparisons. 

Analysis of relative size using greatest skull length is complicated by the 
paucity of megaladapid skulls of the madagascariensislgrandidieri group that are 
both adult and unbroken. The three most complete specimens of M. madagasear- 
iensis from the South are missing the anterior part of the rostrum, which precludes 
accurate estimates of skull length [see Plates XVII and XVIII in Lamberton, 1934; 
we did not adopt the mean value of 240.5 mm published by Tattersall, 1982:233]. 
That these southern specimens are the smallest megaladapids in their lineage is 
confirmed by other craniodental measurements, supplemental data from other 
fragmentary specimens, and postcranial dimensions. For example, average femo- 
ral and humeral lengths of M .  madagascariensis from the South are 168.1 mm 
(n = 2) and 187.0 mm (n = 3), respectively. The West is best represented by a partial 
skeleton from Anjohibe that is subadult based on its full dentition but incomplete 
fusion of cranial and postcranial sutures. The lengths of its skull (244.6 mm), 
femur (179.0 mm), and humerus (202.7) indicate it is intermediate in size between 
M ,  madagascariensis from the South and M.  grandidieri from the central high- 
lands. This latter form is the largest of the madagascariensislgrandidieri group as 
indicated by the lengths of the skull (280.6 mm; one other intact skull is a subadult 
measuring 253.0 mm), femur (193.3 mm; n =  3), and humerus (212.4 mm; n=3) for 
specimens from Ampasambazimba. Subfossil specimens were recently discovered 
in the Ankarana mountains in the North but information is too preliminary to 
make any determination of relative size [Simons et al., 1990; Vuillaume-Randria- 
manantena & Godfrey, in press]. 

In the second lineage of megaladapids, specimens of M .  edwardsi recovered 
from subfossil sites in the semiarid South average 296.0 mm in skull length [data 
from Tattersall, 1982:233]. The single skull from Ampoza in the southern part of 
the dry West is large but within the range of variation for M .  edwardsi from more 
southerly environs (307.8 mm). 

Avahi 
The western form, A. 1. occidentalis (51.7 mm), is the smaller of the two sub- 

species of woolly lemurs. It is limited to  the northwest coast (13.5-16.5"s) includ- 
ing adjacent regions of the West and the Sambirano. Unfortunately, there are too 
few museum specimens with precise locality information to derive separate size 
estimates for these two ecogeographic regions. The significantly larger eastern 
woolly lemur, A. laniger laniger (54.2 mm), is found throughout all but the most 
northerly humid forests of the East (14.5-25"s). These relative sizes are confirmed 
by recently reported body weights of 700-900 g for A. 1. occidentalis and 900-1,200 
g for A. 1. laniger [Ganzhorn et al., 19854521. Measurements of a single subfossil 
femur attributed to Auahi from Ampasambazimba in the Central region [Lamber- 
ton, 1939551 are similar to extant A. 1. laniger in length but more robust in head 
and midshaft diameters. Recently, Auahi has been reported to occur in the An- 
karana mountains (North) but there is no information on relative size of these 
animals [Hawkins et al., 19881. 

Propithecus 
There are three species of sifakas including P. tattersalli, which is an isolated 

population in northern Madagascar recently accorded species status. Of the two 
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long-recognized species, the smaller is P. uerreauxi with four subspecies distributed 
in the dry West and semiarid South of Madagascar. We include the variant known 
as majori with the subspecies P. u. verreauxi, and we maintain the distinction 
between P. u. deckeni and P. u. coronatus but eliminate the problematic specimens 
collected at  Ambararatabe [see Tattersall, 198656471. The larger species, P. 
diadema, is represented by four subspecies in the humid East and one restricted to 
the northern tip of the island. There is insufficient evidence to support Tattersall's 
argument that P. d .  edwardsi and P. d.  holomelas should be synonymized because 
they are known from the same forest in southeast Madagascar. It may be that 
these two sifakas represent one morphologically variable species but the occur- 
rence of morphologically distinct animals in sympatry is equally consistent with 
there being two species. 

The subspecies of P. diademu (East) are all larger than the subspecies of P. 
uerreauxi (West) in accordance with our general thesis of habitat-related size dif- 
ferences. However, we limit ecogeographic comparisons to subspecies within spe- 
cies to avoid making multiple, essentially repetitive interspecific comparisons that 
would bias results unduly in favor of our ecogeographic conclusions. The available 
evidence is equivocal regarding the relationships of P. tattersalli so we omit com- 
parisons in Table IV of this taxon with the other two sifakas. 

The smallest of all P. uerreauxi are Verreaux's sifakas, P. u. uerreawci (80.2 
mm), from the southern part of the West (south of about 20"s). Significantly larger 
are specimens of P. u. verreauxi (81.3 mm) from localities in the semiarid South. 
The three comparably sized sifakas from the dry West are all significantly larger: 
the crowned sifaka, P. u. coronatus (82.8 mm), inhabiting coastal forests at about 
16"s and inland forests south to about 19"s in the West; Coquerel's sifaka, P. u. 
coquereli (83.2 mm), found further to the north (15-16.5"s); and Van der Decken's 
sifaka, P. u. deckeni (83.9 mm), from more southerly coastal areas (16-19"s). 

Propithecus verreauxi is known from subfossil skulls recovered at Tsirave in 
the southern part of the West. These were originally assigned to their own species 
P. uerreauxoides [Lamberton, 1939:lO-181 but are probably not substantially dif- 
ferent from extant P. uerreauxi [Tattersall, 1971:258, 1982:208]. Indeed, as docu- 
mented by museum collections over the last century, sifakas identifiable as P. 
uerreauxi uerreauxi still inhabit the same region. The three Tsirave subfossils 
average 84.2 mm in skull length, which exceeds all other subspecies of P. verreauxi 
and significantly exceeds Verreaux's sifaka. We excluded the subfossil sifaka 
skulls from Tsirave from further analysis. 

The only living P. diadema found outside the humid tropical forests of the East 
is Perrier's sifaka, P. d. perrieri (87.0 mm). It is represented in museum collections 
by only two specimens from a single locality in the dry North southeast of Antsir- 
anana (formerly Diego Suarez; 12.5-13"s). It does not differ significantly in size 
from either the black sifaka, P. d .  holomelas (85.7 mm), which has a limited dis- 
tribution in the inland forests of the southeast (about 21"S), or Milne-Edwards' 
sifaka, P. d.  edwardsi (88.5 mm), which comes from the central, more coastal 
forests of the humid East (20-23"s). The largest two subspecies, not significantly 
different from one another, are the silky sifaka, P. d .  candidus (90.7 mm), from the 
northernmost humid forests of the East (13.5-15.5"5), and the diademed sifaka, P. 
d.  diudema (91.2 mm), whose distribution in the central East (15.5-20"s) is the 
most widespread of the species. 

The most recently recognized species of the living Malagasy prosimians is P. 
tattersal2i [Simons, 19881. It is known only from a restricted area of dry forests in 
northern Madagascar just inside the North region on the east coast (13%). Geo- 
graphically, Tattersall's sifaka falls between P. d .  perrieri to the north and P. d .  
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candidus to the south but the only available skull of P. tattersalli (83 mm; datum 
from Simons, 1988) is comparable to an intermediate-sized subspecies of P. uer- 
reazmi from western Madagascar. 

The subfossil postcranial material of Propithecus from Ampasambazimba has 
been compared to P. diadema [Lamberton, 1939:53 -551. The original measure- 
ments show the subfossil to be slightly larger than our average measurements for 
femoral length and head and midshaft diameters of living P. diadema. 

Mesopropithecus 
These subfossils, which actually may be palaeopropithecids [Godfrey, 19881, 

were originally allocated to  two genera, Mesopropithecus and Neopropithecus, but 
are probably best considered as two congeneric species of Mesopropithecus [Tatter- 
sall, 1971, 1982:2291. The more gracile M. globiceps, is known from relatively 
complete skulls recovered at  Tsirave and Ankazoabo in the southwest and the 
lower Menarandra Valley along the southern coast (formerly, these specimens 
were assigned to N .  globiceps and N .  platyfrons). The more robust species, M. 
pithecoides, is known from skulls recovered at Ampasambazimba in central Mad- 
agascar. Recently, Mesopropithecus remains were discovered at  Ankarana in the 
North [Vuillaume-Randriamanantena & Ralaiarison-Raharizelina, 1987, in press; 
Gagnon et al., 1988; Simons et al., 19901. We ignored all species designations in 
favor of our ecogeographic regions. 

None of the differences in skull lengths among the ecogeographic populations 
of Mesopropithecus differ significantly. However, specimens from Ankazoabo and 
Beloha in the semiarid South are smallest (94.0 mm). The single specimen from 
Tsirave (94.5 mm) [Lamberton, 1939:201 in the dry West is slightly larger than the 
average for southern specimens. Subfossil skulls from Ampasambazimba in the 
Central region (98.9 mm) [one measurement from Standing, 1908:961 are larger 
but the largest of all is a specimen from Ankarana in the North that measures 
105.5 mm. This size progression is matched by postcranial dimensions for South, 
West, and Central regions, respectively (no postcranial measurements available 
for the Ankarana material): 121.1 mm (n = 51, 125.2 mm (n = 31, 132.1 mm (n= 1) 
for humeral lengths; 133.3 (n=6), 136.9 mm (n=2), and 145.0 mm (n=1) for 
femoral lengths. 

Indri 
Living I. indri (102.6 mm) inhabit the northern half of the humid forests that 

comprise the East ecogeographic region (14.5-20"s). The subfossil materials from 
Ampasambazimba in the Central region include postcrania attributable to Indri. 
The humeral dimensions of length and head diameters for a complete subfossil 
humerus [Lamberton, 1939521 match or exceed the largest of a sample of extant I. 
indri from the East. 

Archaeolemur 
Previous studies document a pattern of habitat-related size variation in this 

extinct taxon [Godfrey & Petto, 1981; Godfrey, 1990bI. Known from the majority of 
fossil sites in Madagascar, Archaeolemur is the most common and most widespread 
of the subfossil Malagasy prosimians. Two species of Archaeolemur are generally 
recognized [Tattersall, 1973b, 1982:211-2201: 1) the relatively gracile A. majori 
from lowland sites in the south and southwest and 2) the more robust A. edwardsi 
from the central highlands. A single specimen discovered at Amparihingidro in 
northwestern Madagascar suggests that a third species may be present [Tattersall, 
1982:2121. More recent discoveries suggest that taxonomic attribution of material 
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from the north and northwest of Madagascar is uncertain but these Archaeolemur 
appear to be closer to A. edwardsi than to A. majori [Godfrey et al., 1990bI. Fol- 
lowing the example of previous studies of size variation in Archaeolemur, we ig- 
nore these taxonomic designations and simply divide the fossils by ecogeographic 
regions (Fig. 4). We separate the Archaeolemur from the West into two populations 
in recognition of the geographic and possible taxonomic diversity among these 
specimens. 

The smallest Archaeolemur are those recovered from a number of sites in the 
semiarid South (128.5 mm). The four available skulls from Tsirave and Ampoza- 
Ankazoabo in the dry West (131.3 mm) are all subadults with full dentitions but 
unfused sutures; they are, nevertheless, larger than Archaeolemur from the South. 
We assume that these subadults are smaller than the adult mean but probably 
accurately reflect the smaller size of specimens from the southern West as com- 
pared to Archaeolemur from the central highlands (146.4 mm). The two complete 
skulls of Archaeolemur from the northern part of the West (150.0 mm) are slightly 
larger than the Central forms. Largest of all is Archaeolemur from the North based 
on a single specimen discovered at  Ankarana (153.9 mm); more recent discoveries 
appear to corroborate the large size of Archaeolemur from Ankarana [Gagnon et 
al., 1988; Godfrey et al., 199Obl. 

Hadropithecus 
This subfossil is known from two skulls, several craniodental fragments, and 

a variety of postcranial material from sites in central and southwestern Madagas- 
car, all generally assigned to H.  stenognathus [Tattersall, 1973b, 1982:212-220; 
Godfrey, 19771. Skull length is estimated to be 131.0 mm for the Andrahomana 
specimen from the South, which has a damaged premaxilla. It is unlikely that this 
individual, a subadult with a complete dentition but incompletely fused sutures, 
would have attained the size of the fully adult Tsirave skull from the West (141.0 
mm). Preliminary analysis of meagre, often fragmentary postcranial remains sug- 
gests a size cline from small Hadropithecus in the South, to intermediate-sized 
individuals at Tsirave in the West, to relatively larger animals at Ampasam- 
bazimba in the central highlands. 

Palaeopropithecus 
Two species of this subfossil taxon are commonly recognized: 1) P. ingens from 

numerous sites in the south and southwest and 2) P. maximus from Ampasam- 
bazimba and Morarano-Betafo in the central highlands. New material of a very 
small form of Palaeopropithecus was recently recovered from Anjohibe in north- 
west Madagascar [MacPhee et al., 19841. 

The Anjohibe skull from the northern part of the West (161.9 mm) is the 
smallest of all Palaeopropithecus crania. Substantially larger is the only complete 
skull of P. ingens from southern or southwestern Madagascar (184.5 mm; exact 
locality unknown). Both of these specimens are smaller than any of the P. maximus 
skulls from Ampasambazimba in the Central region (mean of 194.0 mm). 

Archaeoindris 
The subfossil A. fontoynontii is known from a single skull and a few other 

skeletal elements discovered at  Ampasambazimba [Vuillaume-Randriaman- 
antena, 19881. The skull is shorter (269.3 mm) than that of Megaladapis edwardsi 
because of the abbreviated rostrum common to indroids. However, its postcranial 
robustness confirms that it is the largest of all Malagasy prosimians, probably 
considerably larger than the megaladapids whose body weight is estimated as 
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40-100 kg [Jungers, 1978:3141 and perhaps as large as a gorilla [Vuillaume- 
Randriamanantena, 19881. 

Dau bentonia 
Museum specimens of the aye-aye, D .  madagascariensis, are more plentiful 

than commonly believed. We measured a total of 28 adults (mean skull length 87.1 
mm, standard deviation 2.59 mm, range 82.1-91.8 mm) but only six were accom- 
panied by locality information precise enough to assign them to one or the other 
ecogeographic regions. Despite the small samples, the two specimens from north- 
west Madagascar (82.1 mm) are significantly smaller than specimens known to  
have been collected in the humid forests of the East (89.0 mm). The aye-aye is 
known to inhabit other regions, such as the Ankarana Mountains in the North 
[Hawkins et al., 19881, but no data are available on their comparative sizes. 

The subfossil aye-aye, D. robusta, is known from a few of its highly specialized 
anterior teeth collected at Lamboharana on the southwest coast, one almost com- 
plete postcranial skeleton from Tsirave in the southern part of the West, and two 
humeri from Anavoha on the south coast [Lamberton, 1934, 1939; MacPhee & 
Raholimavo, 19881. With the exception of the anterior teeth, there are no cranial 
or dental remains on which to base size comparisons; jaw fragments from Am- 
pasambazimba [see Jully & Standing, 19041 are apparently now missing [Vuil- 
laume-Randriamanantena et al., 1985; MacPhee et al., 19851. 

While the anterior teeth may be only slightly larger than those of living 
aye-ayes [MacPhee & Raholimavo, 19881, the postcranial material of the subfossil 
aye-aye is so much larger than its living counterpart that it is doubtful that the 
two represent closely related sister taxa within the context of this study. The femur 
and humerus of D. robusta are 19% and 34% greater in length, respectively, than 
D .  madagascariensis while the femoral and humeral heads are 59% and 64% 
greater in diameter, respectively. A difference in linear dimensions of about 25% 
means that the subfossil weighed approximately twice as much as the living aye- 
aye. This estimate comes from combining field measurements for head plus body 
lengths [Tattersall, 19821 with the regression of body weight on trunk length 
(symphysion to suprasternale) for living Malagasy prosimians [Jungers, 1978: 
3071; it assumes 1) isometric scaling of limb bone and trunk lengths, and 2) the 
ratio of trunk length divided by head plus body length is 55% (i.e., the average for 
Microcebus, Lemur, and Zndri as small, medium-sized, and large prosimians, re- 
spectively, included in the regression). Such disparities in lengths and weights are 
comparable to the disparity between other Malagasy prosimians that we treat 
separately from their distinctly smaller congeners (i.e., Hapalemur simus, Micro- 
cebus coquereli, and Cheirogaleus major) [see the prosimian body weights given by 
Tattersall, 1982; Harvey & Clutton-Brock, 1985:562-563; Jungers, 1985a:348- 
3491. 

Microcebus 
This taxon includes M. coquereli which may represent a separate genus, Mirza 

[Tattersall, 19821. Its large size emphasizes its distinctiveness from its two conge- 
ners, M .  murinus and M. rufus (about 55% larger in skull length and about four 
times the body weight). We treat these large and small forms as separate when 
making sister-taxa comparisons. 

The gray or lesser mouse lemur, M.  murinus, from western and southern 
Madagascar is surprisingly rare in museum collections with the exception of the 
large numbers collected by H. Bluntschli at Amboasary-Sud in the extreme south. 
Specimens from the semiarid South (31.9 mm; includes 208 from Amboasary-Sud) 
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are the smallest of all mouse lemurs. Gray mouse lemurs from the southern part 
of the dry West (32.5 mm) are significantly larger than their conspecifics from the 
semiarid South. Although M .  murinus is described as being distributed as far 
north as the Sambirano on the west coast (about 14”S), we are aware of only one 
measureable skull collected north of the Tsiribihina River (about 20’5); we ex- 
cluded this specimen from Ambaratabe (about 16%) whose 33.9 mm skull length is 
larger than all others from the West. Russet mouse lemurs, M .  rufus, from the 
Sambirano (32.6 mm) and throughout the humid forests of the East (32.6 mm) have 
fractionally but not significantly larger skulls than gray mouse lemurs from the 
West. 

Coquerel’s dwarf lemur, M .  coquereli, has a disjunct distribution on the west 
coast of Madagascar: 1) in the northernmost part of the West and the adjacent 
Sambirano (13-14”s); and 2) in the southern third of the West (19-22.5”s). Dwarf 
lemurs from the Sambirano (50.4 mm) are slightly but not significantly smaller 
than those from the West (50.9 mm). 

Allocebus 
The hairy-eared dwarf lemur, A .  trichotis (36.9 mm; one specimen from Tat- 

tersall, 1982:130), from the northcentral part of the humid East is apparently as 
rare in the wild as it is in museum collections. A previously unrecognized specimen 
of this prosimian was discovered in the Naturhistoriska Rijksmuseet, Stockholm 
(NHRM A6403021, but it was not measured because the skull is still in the skin. 

Phaner 
The fork-marked lemur, P. furcifer, is primarily western in distribution but 

isolated populations are known from other coastal regions. Groves [19891 indicated 
that he is preparing a report that recognizes a number well-marked geographic 
variants as subspecies. The fork-marked lemurs from the southern dry forests of 
the West (20-22.53 53.1 mm) are significantly smaller than those from other 
parts of Madagascar. Fork-marked lemurs from the Sambirano (54.3 mm) and the 
two specimens collected on Ambohitra in the North (56.0 mm) are larger but do not 
differ significantly from one another. There are no museum specimens represent- 
ing populations reported from west of Tijlanaro in the South [Russell & McGeorge, 
19771 or the Masoala Peninsula in the northeast (15-16”s) [Petter et al., 19751. 
However, Petter et al. [1975:2091 note that “the animals from the north and east 
are rather larger than those found in the west and should probably be regarded as 
constituting a distinct subspecies.’’ Tattersall [1982: 131; not citing the preceding 
workers] makes a similar observation: “specimens from the east coast . . . are 
larger and darker than those from the west.” 

Cheirogaleus 
There are two species of dwarf lemur that differ so much in size that we treat 

them separately. The greater dwarf lemur, C.  major, exceeds the fat-tailed dwarf 
lemur, C .  medius, by about one third in skull length and two times in body weight. 

Cheirogaleus medius is shown by most workers to be distributed thoughout the 
coastal areas corresponding to the South and West ecogeographic zones. However, 
the mean skull length given in Table I11 (40.6 mm) is based on specimens collected 
from a much more restricted region of the West between the Onilahy and Tsiribi- 
hina Rivers in southwest Madagascar (20-23.5”s). We know of only one skull from 
the South and this is of dubious origin (Tblanaro, 44.0 mm). There are no mea- 
sureable specimens of undoubted origin and identity from the northwest, north, or 
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east as might be suggested by the localities mapped in Tattersall [1982:117-118; 
but see below]. 

The larger C. major known from throughout the humid forests of the East is 
generally reported to extend into the North and the Sambirano. Groves [19891 has 
drawn attention to the uncertainty surrounding the taxonomy of C .  major. We note 
that the specimens reliably known to have come from the North and Sambirano 
exhibit extreme variability that questions whether they represent a single taxon; 
possibly, the smaller specimens represent large C .  medius. Given this situation, we 
exclude all dwarf lemurs collected in the North and the Sambirano from the anal- 
ysis pending a detailed revision of Cheirogaleus. The mean skull length of 54.3 mm 
for C. major from the East is based on specimens exhibiting a similarly large 
amount of variability; the range of 13.3 mm between smallest and largest eastern 
specimens is much greater than seen in other comparably sized Malagasy prosim- 
ians. 

A subfossil dwarf lemur is known from Ampasambazimba in the Central high- 
lands [Standing, 1906:lOOl. Represented by a single skull, it is probably most 
closely related to C .  major as judged by size alone. The skull length of 61.0 mm is 
just a t  the extreme of values seen among living greater dwarf lemurs from the East 
(47.6-60.9 mm). 

Babakotia 
Babakotia radofilai is a newly described subfossil prosimian from the An- 

karana mountains in northern Madagascar [Godfrey et al., 1990al. The maxillary 
teeth and postcranial fragments suggest that it was larger than Mesopropithecus 
and Indri but smaller than Archaeolemur. 

ECOGEOGRAPHIC COMPARISONS OF SIZE AMONG SISTER TAXA 
We analyze ecogeographic size variation by comparing the average skull 

length of each geographic population of Malagasy prosimians with its conspecific 
or congeneric sister taxa that inhabit different ecogeographic regions as listed in 
Table 111. The results of this comparative analysis are presented in Table IV on a 
case-by-case basis and summarized in Table V by ecogeographic region. 

The first set of comparisons in Table IV involves ten taxa that are distributed 
primarily in the South. In 26 of 28 possible comparisons, prosimians from the 
semiarid South are smaller than sister taxa inhabiting other ecogeographic re- 
gions. The exceptions are 1) specimens of Propithecus uerreaui uerreaui from the 
South are larger than members of the same subspecies collected in adjacent areas 
representing the southern part of the West; and 2) the single skull of Palaeopropi- 
thecus from the South is larger than the Anjohibe skull from the West. 

There are eight taxa from the Sambirano that can be compared to sister groups 
from other ecogeographic regions. In nine possible comparisons, these prosimians 
are always larger than taxa from the South and smaller than taxa from the East 
and Central regions. Size comparisons with the North and West are equivocal with 
Sambirano populations being sometimes smaller and sometimes larger. 

There are 53 possible sister-taxa comparisons involving those 21 prosimians 
found primarily in the dry West. With the two exceptions noted above, animals 
from the West are larger than those from the semiarid South (13 of 15 compari- 
sons). Conversely, in 22 of 23 comparisons, the prosimians inhabiting the dry 
western forests are smaller than their sister taxa from the humid tropical forests 
of the East and highlands of the Central region. The one exception is based on two 
skulls of Archaeolemur from northwest Madagascar (Amparihingidro and Anjo- 
hibe) that average slightly larger than the Archaeolemur sample from the Central 
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region. Taxa from the West are sometimes smaller and sometimes larger than 
sister taxa from the North and Sambirano. 

There are seven Malagasy prosimians in the North that can be compared with 
28 conspecifics and congeners from other parts of Madagascar. The sister-taxa 
comparisons indicate that taxa from the dry North are larger than those from the 
semiarid South (two comparisons) but, generally, smaller than those from the 
humid East and Central regions (12 of 15 comparisons). The exceptions are Pro- 
pithecus diadema perrieri (North), which is larger than P. d. holomelas (East), and 
the single subfossil skulls of both Mesopropithecus and Archaeolemur from An- 
karana in the North, which are larger than all congeners. Comparisons with the 
Sambirano and the West indicate that prosimians from northernmost Madagascar 
are usually larger except for Lepilemur septentrionalis that is smaller than its 
congeners from all regions but the South. 

There are 43 possible comparisons between the 19 taxa distributed in the 
humid forests of the East and their sister taxa from other regions. With the ex- 
ception of Propithecus diadema holomelas noted above, these eastern forms are 
larger than their counterparts found in the South, Sambirano, West, and North 
ecogeographic regions. Only sister taxa from the central highlands are larger than 
populations from the East (all eight comparisons). 

Data are available for 11 subfossil taxa from the central highlands. In 23 of 26 
possible comparisons, these highland forms are larger than subfossil and extant 
sister taxa from all other ecogeographic regions of Madagascar. Two exceptions are 
the relatively large size of the several Archaeolemur subfossil skulls recovered in 
northwestern (Amparihingidro and Anjohibe) and northern (Ankarana) Madagas- 
car. The other counterexample is the subfossil specimen from Ankarana in the 
North that is the largest of all Mesopropithecus. 

DISCUSSION 
Patterns of Ecogeographic Size Variation in Malagasy Prosimians 

The comparative analysis of sister taxa reveals a consistent pattern of ecogeo- 
graphic size variation across the entire diversity of living and recently extinct 
Malagasy prosimians. When the four major ecogeographic regions are considered, 
taxa are ordered by increasing size such that those from the subarid South are 
smallest followed by those from the dry West and then humid East, with the taxa 
from the central highlands being largest of all. This pattern holds for 51 of the 54 
possible pairwise comparisons among sister taxa from these four ecogeographic 
regions (excludes reciprocal comparisons of Table V). Prosimians from the Sambi- 
ran0 are roughly comparable to the West in being larger than those from the South 
but smaller than those from the East and Central regions (all nine comparisons). 
The North is enigmatic in that taxa from this region vary considerably in size 
compared to sister taxa from other regions of Madagascar: larger than the South, 
generally larger than the West, generally smaller than the East, and equivocal 
with respect to the Sambirano and Central regions. 

This pattern of ecogeographic size differences remains the same if sister-taxa 
comparisons are restricted to  only living taxa or only subfossil taxa. Likewise, 
conclusions are not altered if Table V is modified to reflect only statistically sig- 
nificant comparisons of skull length among taxa inhabiting the six ecogeographic 
regions. 

Other comparisons not included in Tables IV and V provide additional support 
for the pattern of progressive size increase from South to  West to East to Central 
ecogeographic regions. The smallest Hapalemur are those from the West and Sam- 
birano. The subspecies of Propithecus uerreauxi (80.9-83.9 mm) endemic to the 
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TABLE LV. Comparative Analysis of Size Among Sister Taxa from Different 
Ecogeographic Regionst 

Primary taxa to which 
sister taxa 
from other regions are 

Distribution of sister taxa 
from other regions Level of - 

compared comparison Smaller sister taxa Larger sister taxa 

Taxa found primarily in the South ecogeographic region 
*Pachylemur 

Lepilemur leucopus Intrageneric N Sam W (S) W E 
*Megaladupis 

(Tsiandroina) Intrageneric [*Wl *c 

madagascariensis 
(southern) Intrageneric l*Wl [*Cl 

(southern) Intraspecific l*Wl 

verreauxi Intraspecific W w w w  
(Ankazoabo & Beloha) Intrageneric I*W1 [*Cl [*Nl 

*Megaladupis edwardsi 

Propithecus uerreauxi 

*Mesopropithecus 

"Archaeolemur 
(southern) Intrageneric 

*Hadropithecus 
( Andrahomana) Intraspecific 

"Palaeopropithecus 
(southern) Intraspecific [*Wl 

Microcebus murinus Intraspecific/ 
(southern) generic 

[*Wl *C l*Wl [*NI 

I*Wl [*Cl 

*C 

W [Sam] E 
Taxa found primarily in the Sambirano ecogeographic region 

Lepilemur dorsalis 

Hapalemur griseus 

Lemur macaco macaco Intraspecific W 

(no Nosy-Be) Intrageneric S IN] W(S) W E 

occidentalis 
(northwestern) Intraspecific LWI 

Avahi laniger 
occidentalis Intraspecific 

Daubentonia 
madagascariensis 
(northwestern) Intraspecific 

Microcebus rufw Intraspecific/ 

Microcebus coquereli 
(northwestern)" generic [S1 [WI 

(northwestern) 

(northwestern) 
Phaner furcifer 

Intraspecific 

Intraspecific W 
Taxa found primarily in the West ecogeographic region 
Lemur macaco flauifrons Intraspecific Sam 
Lemur fulvus fulvus 

Lemur fulvus rufus 
(western) Intraspecific 

(western) Intraspecific 

E 

[WI 

"1 IEI 

[Nl E E E E E 

[Nl E E E E E 
(continued) 
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TABLE IV. Comparative Analysis of Size Among Sister Taxa from Different 
Ecogeographic Regionst (Continued) 

Primary taxa to which 
sister taxa 
from other regions are Level of from other regions 

compared comparison Smaller sister taxa Larger sister taxa 

Distribution of sister taxa 

*Pachylemur (Tsirave) 
Lepilernur ruficaudatus 
Lepilemur edwardsi 
Hapalemur griseus 

occidentalis (western) 
* Megaladapis 

madagascariensis 
(Anjohibe) 

"Megaladapis edwardsi 
(Ampoza) 

Propithecus verreauxi 
verreauxi 

Propithecus verreauxi 
coronatus 

Propithecus verreauxi 
coquereli 

Propithecus verreauxi 
deckeni 

"Mesopropithecus 
(Tsirave) 

*Archaeolemur 
(Ampoza-Ankazoabo * 
Tsirave) 

*Archaeolemur 
(Amparihingidro & 
Anjohibe) 

*Hadropithecus (Tsirave) 
*Palaeopropithecus 

Microcebus murinus 

Microcebus coquereli 

Phaner furcifer (western) 

(Anjohibe) 

(western) 

(western) 

Intrageneric 
Intrageneric 
Intrageneric 

Intraspecific 

Intrageneric 

Intraspecific 

Intraspecific 

Intraspecific 

Intraspecific 

Intraspecific 

Intrageneric 

Intrageneric 

Intrageneric 
Intraspecific 

Intraspecific 
Intraspecifici 

generic 

Intraspecific 
Intraspecific 

t*SI "C 
S N Sam E 
S N [Sam] LEI 

[Sam] E [El 

S 

S 

S 

["SI 

[*Sl 

S 

[Sam] 

Taxa found primarily in the North ecogeographic region 
Lemur fulvus sanfordc Intraspecific [W] [WJ 
Lepilemur septentrionalis Intrageneric S 
*Hapalemur simus 

Propithecus diadema 

*Mesopropsthecus 

(Andrafiabe) Intraspecific 

perrieri Intraspecific [El 

(Ankarana) Intrageneric [*Sl t*W3 t*Cl 
"ArchaeoEemur 

(Ankarana) 
Phaner furcifer 

(northern)b 

Intrageneric *S *W [*Cl [*WI 

Intraspecific W [Sam] 

t*Cl 

S 

t*Cl [*Nl 

"C *N 

t*Nl 
t"C1 

[*SI *c 
[El [Sam? 

Sam N [El 

[El [El E E E 
[Sam] W(S) W E 

[El [*Cl 

[El E E [*C1 

(continued) 
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TABLE IV. Comparative Analysis of Size Among Sister Taxa from Different 
Ecogeographic Regionst (Continued) 

Primary taxa to which 
sister taxa 
from other regions are Level of from other regions 

compared comparison Smaller sister taxa Larger sister taxa 

Taxa found primarly in the East ecogeographic region 

Distribution of sister taxa 

Lemur fulvus albifrons 
Lemur fulvus rufus 

Lemur fulvus albocollaris 
Lemur fulvus collaris 
Lemur fulvus fulvus 

(eastern) 
Lepilemur 

microdonlmustel inus 
Hapalemur griseus 

griseus 
Hapalemur griseus 

alaotrensis 
Hapalemur simus 

(eastern) 
Avahi laniger laniger 
Propithecus diadema 

holomelas 
Propithecus diadema 

edwardsi 
Propithecus diadema 

candidus 
Propithecus diadema 

diadema 
Zndri indri (eastern) 
Daubentonia 

madagascarensis 
(eastern) 

(eastern)" 

(eastern) 

Microcebus rufus 

Phaner furcifer (eastern)b 
Cheirogaleus major 

(eastern only) 

_ _ .  

Intraspecific 

Intraspecific 
Intraspecific 
Intraspecific 

Intraspecific 

Intergeneric 

Intraspecific 

Intraspecific 

Intraspecific 
Intraspecific 

Intraspecific 

Intraspecific 

Intraspecific 

Intraspecific 
Intraspecific 

Intraspecific 
Intraspecifici 

generic 
Intraspecific 
Intraspecifici 

generic 

S N  Sam W(S) [Wl 

[Wl Sam 

W Sam 

[*Nl 
SamiW 

"1 

N 

N 

[*Cl 
[C*I 

[*Cl 

[*Cl 
[*Cl 

SamiW 

s [WI 
[Wl [Sam] 

[*Cl 
Taxa found primarily in the Central ecogeographic region 
*Pachylemur 

*Hapalemur simus 

*Megaladapis grandidieri 

*Avahi laniger 

Propithecus diadema ssp. 

*Mesopropithecus 

*Zndri indri 

(Ampasambazimba) Intrageneric *s * w  

(Ampasambazimba) Intraspecific I*Nl [El 

(Ampasambazimba) Intrageneric *s [*Wl 

(Ampasambazimba) Intraspecific [SamiW] [El 

(Ampasambazimba) Intraspecific [El "1 [El [El [El 

(Ampasambazimba) Intrageneric [*Sl [*Wl 

(Ampasambazimba) Intraspecific [El 

"*I 

(continued) 
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TABLE IV. Comparative Analysis of Size Among Sister Taxa from Different 
Ecogeographic Regionst (Continued) 

Primary taxa to which 
sister taxa 
from other regions are 
compared comDarison Smaller sister taxa Larger sister taxa 

Distribution of sister taxa 
from other regions Level of 

*Archaeolemur 
(Ampasambazimba & 
Antsirabe) Intrageneric *S *W 

Hadropithecus 
(Ampasambazimba) Intraspecific [*S1 [*Wl 

*Palaeopropithecus 
( Ampasambazimba) Intraspecific *W *S 

Cheirogaleus Intraspecificl 
( AmDasambazimba) generic 

+Based on skull lengths of Table 111 or other estimates of size as discussed in text. Within each ecogeographic 
region, taxa are listed in the same order as Table 111. For the comparisons of sister taxa (each line of the table), 
the abbreviated ecogeographic distributions of taxa that are smaller or larger are listed in the same order that 
the respective taxa they represent are listed in Table 111. Comparisons listed in brackets are those for which 
there is not a statistically significant difference in skull lengths. Taxa represented by subfossils are indicated by 
asterisks (*I. Comparisons listed in brackets are either those that were not testable or those that did not involve 
a statistically significant difference in skull length. 
"Microcebus rufus (northwestern) and M. rufus (eastern) have the same mean and are not included here. 
bNot possible to compare Phaner furcifer (eastern) with P. furcifer (northern) (see text). 

TABLE V. Summary Statistics for  Comparative Analysis of Skull Size Among Sister 
Taxa From Different Ecogeographic Regions* 

Proportion of comparisons where 
taxa from ecogeographic 

regions at left are larger than 
sister taxa from the following regions" Ecogeographic 

region (number of taxa)b South Sambirano West North East Central Total Percent 
South (10 - 012 2/15 013 012 016 2/28 I 
Sambirano (8) 212 - 317 112 016 O i l  6/18 33 
West (21) 13/15 411 - 218 0116 117 20153 38 
North (7) 313 112 618 - 1/11 214 13/28 46 
East (19) 212 616 16/16 10111 - 018 34143 I 9  
Central (11) 616 111 617 214 818 - 23/26 88 

*Based on Table IV. 
"Excludes intrageneric comparisons of species within Lemur, Hapalemur, Propithecus, Daubentonia, and 
Cheirogaleus and between Microcebus coquereli and the other two species of Microcebus. Excludes subfossil 
Propithecus uerreami (uerreauxoides) comparisons with extant subspecies of P. uerreawi. 
bThe value in parentheses is the number of taxa that have their primary distribution in each ecogeographic 
region. Excludes those taxa that are restricted to one ecogeographic region and, therefore, have no sister taxa 
from other regions (Lemur coronatus, L .  catta, L. rubriuenter, Varecia uariegata, Hapalemur aureus, Propithecus 
tattersalli, Archaeoindris fontoynontii, Daubentonia robusta, Allocebus trichotis, Cheirogaleus medius, and Ba- 
bakotia radofilai). 

South and West are all smaller than the subspecies of P. diadema (85.7-91.2 mm) 
distributed in the East and North. Cheirogaleus major from humid eastern forests 
and its probable close subfossil relative from the central highlands are larger than 
C .  medius from the dry forests of the West. The lemurs of the Comoro Islands 
appear to be appropriately sized if their habitat is considered intermediate be- 
tween that of western and eastern Madagascar. 
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There are also contradictory cases. The largest member of the genus Lemur is 
L. macaco flavifrons, which is not expected given its distribution in the West. 
Within L. catta, animals from the South (83.7 mm) are larger, but not significantly, 
than those from the immediately adjacent areas of the West (82.4 mm); but, then, 
two specimens collected near Fianarantsoa in the Central region (84.5 mm) are 
larger on average than those from both the South and West in agreement with the 
general pattern. In northern Madagascar, Propithecus diadema perrieri is larger 
and lives in drier forests than P. tattersalli found just to the south [Simons, 19881. 

The ecogeographic pattern described here should be interpreted as a general 
phenomenon unlikely to be applicable in every case. There are certain to be taxa 
where other adaptive considerations mask the relationship between size and hab- 
itat seen among the majority of Malagasy prosimians. Although the comparisons 
of skull length support the described pattern with few exceptions, many of the 
differences are small, not statistically significant, and subject to change given 
better sampling. 

Ecogeographic Size Variation in Primates 
Ecogeographic variation in primates is generally either ignored or thought to 

be essentially nonexistent [e.g., Hershkovitz, 1977:13-141. This contrasts with the 
general experience of organismal biologists who encounter ecogeographic varia- 
tion so often in other animals that various "rules" have been formulated [e.g., 
Mayr, 1956, 1963, 1976; Kendeigh, 1969; James, 1970; McNab, 19711. The most 
relevant here is Bergmann's rule which holds that warm-blooded animals from 
cool climates will be larger than closely related forms from more equatorial re- 
gions. As evidenced by the pigtail macaque monkeys discussed below, these rules 
are marked by contradictions and controversy. 

Ecogeographic variation in primates is best known in humans. Three exam- 
ples suffice to demonstrate the types of associations revealed by comparative stud- 
ies of human populations. 1) Multivariate analysis of anthropometric head dimen- 
sions reveal that 133 sub-Saharan African populations cluster according to habitat 
(i.e., rainforest, savanna-forest mosaic, and open country) [Passarello & Vecchi, 
19791. 2) Skull metrics demonstrate that 17 populations encompassing overall 
human variation throughout the world can be grouped according to humidity and 
temperature of local environments (e.g., hot-dry versus cold-humid) [Guglielmino- 
Matessi et al., 1979, based on the craniometric data of Howells, 19731. Further 
analysis of the same data shows that size is a major component of human variation 
most highly correlated with temperature as opposed to  humidity [Albrecht, 19831. 
3) Hunter-horticulturalist peoples inhabiting moist rainforests of Papua New 
Guinea are smaller in stature than related hunter-gatherers inhabiting drier sa- 
vanna-swamplands [Hyndman et al., 19891. 

Ecogeographic variation in nonhuman primates was first demonstrated as 
latitudinal size clines within two species groups of Macuca [Fooden, 1971a,b]: 1) 
the sinica group whose members increase in size from M .  sinica (Sri Lanka, 6- 
10"N) to M .  radiata (peninsular India, 8-1YN) to  M. assamensis (foothills of north- 
ern India and Indochina, 15-29"N) to M. thibetana (southern China, 25-32"N), 
and 2) the fascicularis species group whose members increase in size from M. 
fascicularis (SE Asia, lO"S-20"N) to M. mulatta (northern India, Indochina, and 
southern China, 15-36"N) to M .  cyclopis (Taiwan, 22-25"N) to M .  fuscata (Japan, 
30-42"N). Multivariate analyses of craniofacial dimensions confirm these inter- 
specific size gradients among macaques [Albrecht, 19781. More generally, Fooden 
[1982bl documents a pattern of ecological and geographic segregation among eight 
species of macaques in southern and southeastern Asia. 
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Intraspecific latitudinal gradients of body size were subsequently demon- 
strated within a number of macaque species: 1) pigtail macaques, M. nemestrina 
(see below); 2) rhesus macaques, M. mulatta [Albrecht, 1978:961; 3) bear macaques, 
M. arctoides from southeast Asia (6-28"N) [Albrecht, 1980a:146, based on data in 
Albrecht, 1978; 4) Assam macaques, M. assamensis [Albrecht, 1980a:146, based on 
data in Albrecht, 1978; Fooden, 1982a:9-10 and 12-14]; 5) crab-eating macaques, 
Macaca fascicularis [Albrecht, 1980a:146; Aimi et al., 1982; Albrecht, 19831; and 6)  
bonnet macaques, M. radiata [Fooden, 1981:3-5 and 11-141. The most interesting 
of these cases are the two subspecies of pigtail macaques that display a unique 
reversal in latitudinal size clines [Albrecht, 1978:97, 1980a, based on Fooden, 
19751. Beginning from a narrow zone of intergradation on the Thai-Malay Penin- 
sula (6-9"N), the skull length of M. nemestrina leonina increases in a northerly 
direction as far as 25"N in northern Burma. In contrast, and in contradiction to 
Bergmann's rule, M. n. nemestrina becomes larger in a southerly direction as far 
as 4"s on Sumatra and Borneo in Indonesia. 

The size of tufted-ear marmosets, Callithrix jacchus, is partly explained by 
both latitude and habitat [Albrecht, 19821. There is an increase in skull and body 
length along a latitudinal cline from about 4"s through 24"s in eastern Brazil. 
However, a more important factor relates to habitat differences such that animals 
from humid coastal forests are larger than those from drier, interior forests. This 
parallels the pattern of ecogeographic size variation in Malagasy prosimians. 

Body size variation across three genera of baboons (Mandrillus, Papio, and 
Theropithecus) is highly correlated with mean annual rainfall in Africa [Popp, 
19831. The smallest males (about 18 kg) are found in the most arid localities (about 
400 mm yearly rainfall) and the largest (about 48 kg) in the most humid areas 
(about 2,500 mm yearly rainfall) (r=0.96). Female baboons are less extreme in 
their variability (about 12 kg versus 17 kg, respectively) (r = 0.79). These results 
are confirmed by a similar study of rainfall and odontometric variation [Vitzthum, 
19861. Again, although measured in different terms, these results parallel the 
ecogeographic size patterns seen in Madagascar. 

Size patterns in Archaeolemur are the most thoroughly studied example of 
ecogeographic variation in a fossil primate [Godfrey & Petto, 1981; Godfrey et al., 
1990bI. Dominant associations with vegetation and rainfall suggest that niche pro- 
ductivity was a primary determinant of size differences for these subfossils that 
occurred widely across Madagascar. Thermoregulation was possibly a secondary 
factor influencing those animals that lived at higher elevations in central Mada- 
gascar. 

In summary, ecogeographic variation appears to be a common rather than an 
exceptional phenomenon in primates whose geographic distribution encompasses 
any degree of ecological diversity. In addition to the above cases, published data 
suggest that ecogeographic variation plays a role in certain species of Lagothrix 
[Fooden, 19631, Presbytis [Roonwal, 19811, and Alouatta [Watanabe, 19821. Thus, a 
sizeable portion of primate diversity is now known to be ecogeographically variable 
in size and careful analysis will probably reveal yet more examples in the future. 

Sri Lanka provides a small-scale analog whose endemic primates might be 
expected to mirror the ecogeographic size relationships seen in Madagascar. The 
ecogeographic diversity of Sri Lanka is comparable to Madagascar, ranging from 
arid, seasonal forests through humid, evergreen tropical forests. There are three 
anthropoids and one prosimian: the toque macaque M. sinica, Hanuman's langur 
Presbytis entellus, the purple-faced langur P. vetulus, and the slender loris Loris 
tardigradus (there is insufficient information to test ecogeographic hypotheses for 
the last three species). In contrast to the Malagasy prosimians, toque macaques 
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collected from localities throughout Sri Lanka do not display habitat-related size 
differences [data, locality information, and ecogeographic regions from Fooden, 
1979:lll-112,120,131]. Thus, while further analyses of Sri Lankan primates are 
needed, it seems clear that primates may exhibit different size adaptations related 
to comparable variability in ecology and environment. Such differential responses 
are not surprising for a character whose expression represents the summation of 
many diverse influences. 

Adaptive Interpretations of Ecogeographic Size Variation 
The importance of body size in understanding morphology and life history is 

emphasized in several recent books [Eisenberg, 1981; McMahon & Bonner, 1983; 
Peters, 1983; Schmidt-Nielson, 1984; Calder, 1984; Reiss, 19891 including one de- 
voted to primates [Jungers, 1985bl.. Almost all work on understanding the biology 
of size involves “mouse-to-elephant” or “tarsier-to-gorilla” comparisons. However, 
many if not most associations revealed by these interspecific studies should apply 
equally to intraspecific relationships between body size and anatomy, behavior, 
ecology, physiology, and social structure. Undoubtedly, there are differences of 
degree that require studies at the population and species level to be conducted with 
greater precision when measuring parameters of interest. 

Interspecific variation in size is related to numerous life history traits in pri- 
mates [Milton & May, 1976; Clutton-Brock & Harvey, 1977; Clutton-Brock et al., 
1977; Leutenegger & Kelly, 1977; Harvey & Clutton-Brock, 1985; Sailer et al., 
1985; Anderson, 1986; Petto, 1986). In general, greater body weights are related to 
1) greater day and total home ranges, 2) greater dietary diversity in food species, 
3) greater time spent feeding, 4) lesser nutritive value of food items, and 5) lesser 
population density but greater biomass. Presumably, these relationships have cor- 
ollaries in sister-taxa comparisons of similar life history traits among Malagasy 
prosimians that are known to differ in size. 

While we demonstrate a simple pattern of size differences among Malagasy 
prosimians, it is likely that these size differences in turn affect almost all aspects 
of their biology. The difficulty is that body sizes among closely related Malagasy 
prosimians differ by small percentages as compared to the orders of magnitude 
seen in most scaling studies of primates and other mammals. It is relatively easy 
to gather data indicating, for example, that the largest species of Lepilemur aver- 
ages 15% greater in skull length than the smallest species (perhaps a 50% differ- 
ence in body weight). However, it may be impossible to conduct comparative field 
studies with enough controls and precision to detect the ecological and behavioral 
differences that may be associated with these size differences. Moreover, scaling 
relationships are not perfect because different animals have adopted different 
strategies in their overall adaptation to the environment. Thus, for example, it 
may be that Lepilemur leucopus in the dry South has feeding strategies that differ 
from those of L. mustelinus from the humid forests of the East, thereby confound- 
ing predicted differences for some other life history trait such as home range size. 
Indeed, smaller body size may be one of those strategies. 

Studies of the Malagasy subfossil Archaeolemur demonstrate that clinal vari- 
ation in size is most strongly related to richness of the plant community and 
bioclimatic factors (especially rainfall) [Godfrey & Petto, 1981; Godfrey et al., 
1990bl. In summary, there is a size progression in Archaeolemur such that larger 
animals were found in wetter, lusher parts of Madagascar. Altitude and temper- 
ature are of secondary importance. Repeating the words of Wassersug et al. [1979: 
292; see also Gould, 1977; Sondaar, 19771, small size will be favored in predator- 
free, resource-limited environments “given that there are temporal fluctations in 
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the available resources, dwarfs should be able to utilize the available resources 
more completely than giants and, at the same time, are less likely to exceed the 
environmental carrying capacity and crash.” 

This hypothesis about resource limited, fluctuating environments is seem- 
ingly contradicted by interspecific studies of “dietary quality” and body size in 
primates [Sailer et al., 19851. They found that increasing body size is accompanied 
by decreasing dietary quality (dq) as measured by the weighted sum of the pro- 
portions of plant structural parts (s), plant reproductive parts (r) ,  and animal prey 
(a) in the diet of 72 primate species (i.e., dietary quality = 1s + 2r + 3 . 5 ~ ;  
r = 0.66). However, we note that this inverse relationship simply reflects, and the 
assigned weightings maximize, the well-known observation that, in general, foli- 
vores are large, frugivores are medium sized, and insectivores are small [e.g., see 
Kay, 1984, for primates]. Moreover, the dietary quality index suggests that larger 
animals should eat less nutritive food items. This seems paradoxical given the 
situation in Malagasy prosimians where comparisons among closely related sister 
taxa indicate that larger animals live in richer, more productive, more stable 
habitats. Thus, food choice represents only one aspect of the relationship between 
diet and body size; it is complicated by considerations of food availability and 
abundance as well as competitive interactions among animals that comprise the 
biomass of an ecological community. 

There is little direct evidence bearing on size as it relates to resource quality. 
One study of springboks in southern Africa demonstrated that the protein level in 
the stomach contents of a small subspecies was significantly lower than two larger 
subspecies found in neighboring regions with lusher habitat [Robinson, 19791. 
Other recent studies of body size of various mammals in relation to habitat include 
Myers & Bults [19771, Boyce [19781, Case [1978, 19791, Williams [19781, Dubost 
[19791, Western [19791, and Main & Bakker [19811. However, in general, the 
adaptive significance of habitat-related variation in body size remains theoretical 
or inferential without direct empirical testing. 

Certain observations on thermoregulation in Malagasy prosimians are consis- 
tent with the notion that animals must conserve energy expenditures in a resource 
limited environment. Variations in body temperatures of as much as 11°C but 
usually less are well established in a number of the smaller Malagasy prosimians 
[see Tattersall, 1982:191-194, for review]. However, the relationship between 
these fluctuating body temperatures and ambient or seasonal conditions is uncer- 
tain. The best experimental evidence comes from Microcebus murinus and 
CheirogaZeus medius kept for prolonged periods under constant conditions of tem- 
perature, humidity, diet, and light/dark cycles [Russell, 19751. Annual changes in 
body weight, fat storage, sexual activity, and body temperature appeared to be 
correlated with the observed andlor expected pattern for animals living in the 
seasonal forests of southern and western Madagascar. Unfortunately, no compa- 
rable information is available for the larger-sized sister taxa that inhabit the 
humid, less seasonal forests of the East (i.e., M .  rufus and C. major). 

Some evidence suggests that differences in ecology, behavior, and reproduction 
among Malagasy prosimians may relate to the observed pattern of ecogeographic 
size differences. One of the few field studies of closely related forms living in 
different areas compared Propithecus verreauxi verreauxi from Hazafotsy in south- 
ern Madagascar (the semiarid South) with the larger P. u. coquereli from Ampi- 
joroa in northwestern Madagascar (the dry West) [Richard, 1974, 1977, 1978a,bl. 
Although group size and total home range were similar, sifakas in the West ate a 
more diverse diet (92 versus 71 food species), ranged further during the day during 
the dry season (750 versus 550 meterstday), shared more of their home ranges with 
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neighboring groups (44% versus 88% exclusive use), and passively maintained 
their ranges by mutual avoidance versus the active defense seen in the South. 
These differences were explained in terms of total food availability, which was 
likely to be in excess of the group's requirements in the West, but was probably a 
limiting factor towards the end of the dry season in the South when the entire 
home range was required to support the group. Observations on activity patterns 
and sunning behavior in the sifakas may represent additional adaptations to ther- 
moregulation and energy conservation in a resource limited environment. 

In a similar but less comprehensive study of woolly lemurs, the larger Avahi 
laniger laniger from humid forests of the East had a more varied diet than A. 1. 
occidentalis from dry forests of the northwest (the West; 15 versus seven food 
species) [Albignac, 19811. The home range in the East was 1.0-1.5 hectares with a 
narrow zone of overlap between groups but 3-4 hectares in the West with larger 
zones of group overlap. This study differs from the one on sifakas in that it shows 
a direct correlation between home range size and available resources. However, 
determining the actual resources available to a group of Avahi is confounded by 
the differences between East and West in exclusive use of home ranges. 

The relatively small Cheirogaleus medius in the semiarid South and dry West 
accumulates large fat reserves under the skin and in the tail when food is plentiful; 
it then becomes dormant for 6-8 months during the dry season when food is scarce 
[Petter, 1978; Hladik et al., 19801. The larger C. major lives in the East where 
resources are more abundant; it does not store fat in the same manner and becomes 
dormant for only 3 months [Petter et al., 19771. Gestation periods also differ in 
these two species; in C. medius it is less than 60-64 days [Klopfer & Boskoff, 1979; 
Foerg, 19821, while 70 days was recorded for a captive specimen of C .  major [Pet- 
ter-Rousseaux, 19621. 

There are few estimates of prosimian biomass that can be compared across 
different ecogeographic regions. However, data on sportive lemurs from southern 
Madagascar are of interest [Hladik & Charles-Dominique, 19741. The biomass of 
Lepilemur leucopus was 1.2-2.1 kg/hectare in the Didiereaceae bush at Berenty in 
southern Madagascar. In the more productive gallery forest of the same area, the 
biomass increased to 2.7 kglhectare. It might be predicted from these observations 
that biomass would exhibit similar differences for Lepilemur from other areas of 
Madagascar that might be correlated with primary productivity of the habitat. 

Many other field studies have been done on Malagasy prosimians. Unfortu- 
nately, it is difficult to correlate information from these diverse studies that may 
differ in taxa observed, place of study, local ecology, length of study, time of year, 
observational methodology, and type of data collected. It is not uncommon for 
studies to  provide contradictory results. For example, the population density might 
be expected to be low in resource poor areas and higher in productive areas. This 
was the case for Lepilemur leucopus whose density was 200-350 animals/km2 in 
Didiereaceae bush but 270-810 animals/km2 in gallery forest [Charles-Dominique 
& Hladik, 19711. However, the reverse was observed for mouse lemurs; Microcebus 
rufus had a density of250-262 individuals/km2 in the humid East [Pollock, 1979, 
based on data from Petter & Petter-Rousseaux, 19641 but M. murinus in the semi- 
arid South were 360/km2 [Charles-Dominique & Hladik, 19711 and 1,360-2,600/ 
km2 [Pollock, 1979, based on data from Martin, 1972b, 19731. 

Speciation and Ecogeographic Size Variation 
The pattern of body size variation among Malagasy prosimians suggests that 

size differentiation was one factor in the process leading to the formation of new 
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species. At specific and subspecific rank, sister taxa replace each other geograph- 
ically as ecological vicars that vary in size in response to ecological factors. 

Most Malagasy prosimians appear to fit Mayr’s [1942,1954,1963,1970] classic 
model of allopatric speciation in which differentiation is dependent on geographic 
and reproductive isolation. Reproductive isolation may occur by gradual adaptive 
divergence of large populations separated by major, stable barriers to migration 
and breeding. Reproductive isolation may also occur, when barriers are temporary 
or weak, by rapid differentiation of peripheral isolates or founder populations. 
Conditions favoring fragmentation and fluctuation of forest refugia presumably 
generate numerous such small isolates and, thus, yield high speciation rates. Such 
conditions, induced by global glacio-eustatic oscillations, may have been critical to  
tropical and subtropical speciation events during the Pleistocene [Grubb, 1972, 
1978, 1982; Livingstone, 1975; Chapman, 19831. The significance of fluctuating 
forest refugia versus stable river or mountain barriers is as problematic for Mal- 
agasy prosimians [cf. Martin, 1972a; Tattersall, 19821 as it is for other primates [cf. 
Haffer, 1969,1974, versus Hershkovitz, 1977, for Amazonian rain forests; Rodgers 
et al., 1982, Chapman, 1983, Colyn, 1988, Hamilton, 1988, Oates, 1988, for African 
primates; Fooden, 1969, 1975, 1982a,b and Albrecht, 1978, for Asian macaques]. 
Whatever the isolating mechanism, the strong ecological gradients on Madagascar 
probably promote speciation by facilitating regional morphological differentiation. 

Stable barrier speciation models were developed for Malagasy fauna by 
Paulian [1961] and then by Martin [1972al. Paulian [1961] documented numerous 
faunal distinctions between the eastern rain forests and dry western forests sep- 
arated by the mountainous central highlands that serve as an effective barrier 
leading to allopatric speciation. Martin [1972al developed a more detailed barrier 
model for Malagasy prosimians based on the coincidence of species and subspecies 
range boundaries with major river or mountain barriers. He defined seven climatic 
and phytoecological zones (roughly equivalent to our six ecogeographic regions) 
that are bordered on all sides by rivers, ocean, or mountains. Martin maintained 
that the river barriers allowed only selective crossing and that dispersal around 
river headwaters in the mountainous interior of Madagascar was limited by low 
winter temperatures. Allopatric speciation, according to Martin’s model, occurred 
in the coastal forests in a ring around the central highlands. 

While generally sound, Martin’s coastal ring model for lemur speciation is 
flawed in some of its details. First, the distribution of some living prosimians 
suggests range continuity across the central portions of Madagascar. For example, 
populations of both Lemur fulvus rufus and L. f fulvus are found on both coasts; 
presumably, these animals once inhabited the now deforested central highlands 
that separate their current ranges. Second, the subfossil remains of extant species 
at the central highland site, Ampasambazimba, prove that many Malagasy pro- 
simians (Cheirogaleus, Lepilemur, Lemur, Varecia, Hapalemur, Propithecus, and 
Auahi) were distributed continuously across the central highlands. Whether these 
subfossils represent subspecifically distinct populations remains to be demon- 
strated but, certainly, the extinct prosimians of the central highlands exhibit re- 
markable endemicity. Thus, Martin [1972a] may be correct that the uplands of 
river headwaters represented an effective barrier, not because animals would per- 
ish in this cooler forests, but because successful colonization of such forests would 
have required subspecific differentiation of migrant populations. 

Martin [1972a] is certainly correct in observing that the ranges of many spe- 
cies and subspecies correspond closely with ecogeographic zones. No species has a 
range that includes both the East and South nor both the South and Sambirano. 
Many species occur in only one or two ecogeographic zones. The few exceptions, 
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such as the ubiquitous Lemur fuluus, have subspecies that tend to follow a similar 
distribution pattern, confining themselves to one or, at most, two ecogeographic 
zones. Such exceptions provide clues to the relative recency of origin and dispersal 
of particular prosimian taxa. In the case of L. fulvus, a recent dispersal is indicated 
not merely by its widespread distribution but by the presence of the same subspe- 
cies in regions that are now separated by absolute barriers to migration (i.e., 
populations of L. f. rufus and L .  f. fulvus on both east and west coasts separated by 
the now uninhabitable central highlands). 

Tattersall [ 19821 prefers an allopatric speciation model based not on stable 
barriers to migration but on expanding, contracting, and migrating forest refugia. 
Here, the key is the generation of numerous small isolates, some of which become 
new species. Climatic oscillations would have promoted such fragmentation. There 
is, in fact, evidence of minor climatic fluctuations in Madagascar that could have 
dramatically influenced local floral communities whose distributions depend on 
many factors in addition to climate (e.g., local lavaka erosion cycles, local edaphic 
conditions, water tables, and fire) [Burney et al., 1986; MacPhee et al., 19851. The 
relatively large body size of Propithecus verreauaxi uerreawoides from Tsirave, a 
region containing only smaller P. u. verreauxi today, may reflect more mesic con- 
ditions in the southwest during the recent past [cf. MacPhee, 19861. Although 
minor climatic fluctuations may have facilitated speciation as postulated by Tat- 
tersall 119821, there is no reason to exclude a supplementary, if not critical, role for 
more stable natural barriers to migration. One can imagine that floral communi- 
ties might cross rivers more easily than their faunal inhabitants; such events 
would have drastic effects on the animals that are, effectively, left behind. 

Living Malagasy prosimians tend to inhabit selective microhabitats with dis- 
junct distributions. Many are so extremely specialized that they must closely track 
microhabitats that, presumably, have migrated through time. For example, in the 
past, Hapalemur simus was widely distributed in Madagascar (with the exception 
of the arid South) but, probably, always in reed beds or bamboo forests [Vuillaume- 
Randriamanantena et al., 1985; Godfrey and Vuillaume-Randriamanantena, 
19861. It is likely that some subfossil species exhibited equally strict microhabitat 
specializations; for example, Megaladapis edwardsi, known only from the arid 
south and southwest, probably depended on plants endemic to that region [Vuil- 
laume-Randriamanantena & Godfrey, in press]. 

Paterson [1978, 1982a,bl has challenged some aspects of the traditional allo- 
patric speciation model with his notion that speciation is merely an incidental 
byproduct of adaptive differentiation in geographic isolates. According to  Patter- 
son’s specific mate recognition concept, speciation occurs because the selective 
fine-tuning of organisms to different habitats usually carries with it changes in the 
behavioral, physical, and chemical signals that bring together viable potential 
mates [see chapters pro and con in Vrba, 1985 and the review by Templeton, 19871. 
Thus, Paterson believes that speciation occurs whenever effective signalling be- 
tween potential mates in daughter and parental populations ceases. Obviously, 
given the existence of ecological gradients, stable physical barriers will promote 
such cessation, as will microhabitat fragmentation. Paterson rejects the notion 
that speciation can involve adaptations for post-reproductive genetic isolation, or 
that speciation can occur without geographic isolation. 

Paterson’s claim that speciation may occur as an incidental byproduct of adap- 
tive differentiation is intriguing and, a t  least, partly valid. However, his wholesale 
rejection of “isolating mechanisms” (i.e., factors effecting post-zygotic reproductive 
isolation) and of nonallopatric speciation seems extreme and unwarranted [Tem- 
pleton, 19871. Nonallopatric models of speciation have been defended by several 
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researchers. For example, Endler [ 19771 proposed that speciation can occur along 
geographic clines in the absence of barriers to gene flow when gene flow is weak 
and ecological gradients are strong. According to the mathematical models he 
generated, sharp geographic differentiation and, eventually, speciation can evolve 
across spatially and genetically continuous series of populations. Strong ecological 
gradients may vitiate the need for stable geographic barriers or, at least, render 
them less vital to the processes of range fragmentation and speciation than once 
believed. Ironically, despite Paterson’s refusal to consider clinal speciation a pos- 
sibility, his mate recognition concept might help account for speciation among 
geographically continuous populations. Under strong adaptive differentiation, 
gene flow may diminish simply because animals utilizing different preferred re- 
sources may not easily recognize each other as potential mates. 

There is evidence that speciation of Malagasy lemurs has sometimes occurred 
in the absence of natural barriers to gene flow or when the barriers were very 
weak or temporary. For example, whereas Paulian [ 19611 saw allopatric speciation 
as the primary source of differentiation across the central highlands of Madagas- 
car, he regarded speciation within the dry western and the humid eastern portions 
of Madagascar as predominantly clinal since he saw no significant barriers to gene 
flow within these regions. 

Reproductive isolation of sympatric populations, initiated by some chromo- 
somal change or by adaptive differentiation within the central portion of a species’ 
range, has been defended as a model of speciation by some researchers [e.g., White, 
1978; see Barigozzi, 1982, for discussion pro and con]. Recently, Groves [19891 
argued that both allopatric and sympatric speciation have occurred among Mala- 
gasy lemurs. Specifically, he maintains that Hapalemur aureus represents a clear 
case of sympatric speciation in which it is a derived taxon flanked on all sides by 
the more primitive Hapalemur griseus. Groves sees similar distributions among 
some lemur “subspecies” (e.g., the “derived” H.  g. alatroensis surrounded by “prim- 
itive” H .  g .  griseus), and he suggests that more research needs to be done regarding 
their genetic isolation in the wild. He advocates the model of “centrifugal” speci- 
ation originally expounded by Brown [19571. According to Brown’s model, fluctu- 
ations in population density in the center of a species’ range can initiate adaptive 
differentiation. Competitively superior daughter populations can eventually 
spread and replace parent populations in the heart of the parent species’ original 
range. In some ways, this model deviates only slightly from Tattersall’s fluctuat- 
ing refugia model. To Tattersall, population fragmentation depends intimately on 
habitat fragmentation and migration; to Brown, fluctuations in population density 
may be sufficient to bring about population fragmentation and adaptive differen- 
tiation, especially in the center of a species’ range where genetic diversity is great- 
est. Both models consider adaptive differentiation the main impetus for speciation. 

Still other factors may have affected patterns of speciation in Malagasy le- 
murs. Vrba [1980, 1984a,b, 19851 ties the propensity for clades to speciate not 
merely to physical characteristics of the environment but to characteristics of 
organisms themselves-in particular, their niche breadth. According to her “effect 
hypothesis”, changes in the environment will affect clades differently depending 
on the characteristics of organisms that inhabit them. Generalists, whose lifestyles 
allow utilization of altenative resources in different environments, are subject to 
relatively low directional selection pressures; specialists, whose resources disap- 
pear as environments change, are subject to relatively high rates of directional 
selection. Positively correlated with rates of morphological differentiation are 
rates of both speciation and extinction. Under Vrba’s model, the species richness of 
a clade of animals living in a particular environment will reflect not merely the 
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characteristics of that environment (its productivity and carrying capacity) but 
also how those organisms partition the environment. Speciation itself, normally 
attributed to physical range fragmentation induced by such factors are river di- 
version and fluctuating climate, would depend, as well, on the breadth of resource 
utilization of animals belonging to different clades (i.e., to behaviorally induced 
range fragmentation). Vrba’s effect hypothesis may help to account for high rates 
of speciation or subspeciation in specialized taxa of Malagasy prosimians (e.g., 
Lepilemur and some of the subfossils likely to have been specialized folivores). 

In summary, numerous factors appear to have influenced speciation in Mala- 
gasy prosimians, resulting in a common pattern of size differentiation for diverse 
groups of closely related species or subspecies. Ecological variables have certainly 
affected this phenomenon. Speciation was also apparently facilitated by natural 
barriers, by the expansion, contraction, and migration of forest refugia, and, per- 
haps, by organismic factors promoting range fragmentation in response to  chang- 
ing resources. The latter may have increased the sensitivity of some taxa to  eco- 
clines resulting in higher rates of differentiation and speciation. 

Caveats and Interpretative Limitations 
Our analysis of ecogeographic size variation has a number of problematic 

aspects. One diffkulty is that the six ecogeographic regions used here are so 
broadly constructed that they include significant climatic and floral subdivisions. 
For example, the West includes three standard bioclimatic zones that become 
increasingly arid and more seasonal from north to south. The concept of ecogeo- 
graphic regions is further compromised by the fine-grained, mosaic nature of hab- 
itats that may be as variable as differences between the broadly defined regions. At 
Antserananomby in southwest Madagascar, deciduous forest with a closed canopy 
changes to brush and scrub in areas with poorer soils [Sussman, 1974, 1977a,b; 
Lemur catta and L. fuluus rufus exploit different parts of the habitat]. At Berenty 
in the South, there are four types of vegetation in which prosimians are found 
[Charles-Dominique & Hladik, 1971; Hladik & Charles-Dominique, 1974; Jolly, 
1966, 1972; Budnitz & Dainis, 19751. The riparian gallery forest found along the 
river gives way to a poorer, more open forest with tangles of thorny vines as drier 
soils are encountered; other areas are covered by dense underbrush or xerophytic 
Didiereaceae vegetation. The problem is that locality records accompanying mu- 
seum specimens rarely provide precise information as to whether, for example, an 
animal was collected from riparian forest bordering a river or from scrub forest on 
higher, drier ground only a fraction of a kilometer away. 

The differences between sister taxa are often extremely small in absolute and 
relative magnitude. For example, skull length of Microcebus murinus from the 
South averages only 0.6 mm less than animals from the West. While statistically 
significant, this difference of less than 2% seems hardly sufficient to label one 
population as “large” compared to the other. Moreover, about one half of the 98 
sister-taxa comparisons in Tables IV and V do not represent significant differences 
in size. Although the pattern of ecogeographic size variation appears to be sur- 
prisingly robust in general, exceptions should be expected because of the multi- 
factorial way in which animals may solve adaptation to the environment. 

A number of sampling problems affect studies based on museum materials. 
One common difficulty is simply the small number of available specimens-in- 
deed, the size estimates of more than half of the taxa listed in Table I11 are based 
on less than ten specimens. This is compounded by uncertainty in determining 
whether the data are actually representative of the various taxa. For example, all 
six specimens of Lemur macaco flavifrons were collected at  one time from one 
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locality and it is impossible to determine if they are representative of the subspe- 
cies as a whole. Perhaps, their relatively large size represents an extreme in local 
geographic and, possibly, temporal variability. Such geographic variability is dem- 
onstrated by 12 L. fuluus albifrons from 40 km NW of Maroantsetra (Bevato Vil- 
lage) (87.5 mm) whose mean skull length is significantly less than 12 animals 
collected several weeks later in 1930 about 50 km (“two days”) NE of Maroantsetra 
(Ambohimarahavavy Village) (91.0 mm). Nevertheless, museum materials pro- 
vide the best available source of information for comparative studies; in fact, the 
few specimens now preserved represent the only record that will ever exist for 
many species. 

We have assumed that the size differences we report have an adaptive signif- 
icance with a genetic basis. It may be that these size differences represent nothing 
more than the phenotypic expression in adults of ontogenetic responses to different 
environmental conditions (i.e., “nature versus nurture”). The work of Patton and 
Brylski [19871 on body size plasticity in pocket gophers provides an appropriate 
warning against unqualified interpretations about habitat-related size variation. 
Pocket gophers from irrigated, recently established, alfalfa fields in California are 
significantly larger than animals from nearby desert-scrub habitats. This finding 
questions the conventional wisdom that the extensive geographic variation in 
pocket gophers has a genetic basis and is related to adaptive divergence among 
populations. For the Malagasy prosimians, it might be possible to evaluate phe- 
notypic plasticity by comparing wild-caught museum specimens with captive an- 
imals from colonies at research facilities such as the Duke Primate Center (as- 
suming that both wild-caught and captive animals are from the same part of 
Madagascar). 

Despite these caveats and some additional uncertainties about taxonomy and 
distribution, the information reported in Table I11 and analyzed in Tables IV and 
V seems suffciently robust to support the consistent patterns of ecogeographic size 
variation recognized here. Further studies are needed to explore the relationship of 
other characters, including both size and shape, to refined estimates of ecological 
and environmental parameters. Equally important, perhaps more sorely needed, 
and undoubtedly more difficult to accomplish are detailed studies of primate nat- 
ural history and primate life history variables. In combination, these will provide 
the basis for increased understanding of the nature, origin, and evolution of adap- 
tive differences among closely related primates. 

CONCLUSIONS 

1. As outlined below, the prosimian primates inhabiting the different eco- 
geographic regions of Madagascar exhibit a consistent pattern of size differences. 
This pattern of ecogeographic size variation holds for nearly every possible com- 
parison among closely related (conspecific or congeneric) sister taxa when living 
and recently extinct species are treated as one contemporaneous fauna. 

2. Malagasy prosimians from the highly seasonal, semiarid forests of south- 
ern and southwestern Madagascar (South) are smaller than closely related sister 
taxa from other parts of Madagascar. 

3. Animals from the humid but seasonal forests of the northwest (Sambi- 
rano) are larger than those from the South and smaller than those from the East 
and Central regions. The Sambirano prosimians are sometimes smaller and some- 
times larger than their counterparts from the West and North. 

4. Like the Sambirano region, prosimians from the dry, seasonal forests of 
the west (West) are larger than sister taxa from the South and smaller than those 
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from eastern and central Madagascar. The West is equivocal with respect to size 
comparisons with the Sambirano but generally smaller than the North. 

5. The North is difficult to interpret because some endemic forms are larger 
than sister taxa from anywhere else in Madagascar. Others follow the expected 
pattern of being larger than sister taxa from the South and smaller than sister 
taxa from the East. 

6. Sister taxa from the humid, tropical and secondary forests of eastern Mad- 
agascar (East) are larger than all other prosimians except those from the central 
highlands. 

7. The extinct Malagasy prosimians that, less than 2,000 years ago, lived in 
the savanna-bushland-woodland mosaic of the central highlands (Central) are 
larger than their closest relatives from other regions of Madagascar. Two of the 
three exceptions involve even larger forms from the North. 

8. The ecogeographic size variation among Malagasy prosimians is compa- 
rable to habitat and latitudinal differences seen in a variety of anthropoid pri- 
mates including man. Ecogeographic differences represent an important compo- 
nent of morphological variation that occurs with sufficient frequency to be 
considered as the expected rather than exceptional case in primates. 

9. Since size is known to be associated with many life history traits in pri- 
mates, there are probably similar size-related correlates affecting those Malagasy 
prosimians that vary in size because their distribution includes a variety of hab- 
itats. Available data from the field are suggestive in certain instances but, in 
general, too few species have been studied with too little precision and compara- 
bility to make substantive conclusions about how ecogeographic size differences 
affect other life history traits. 

10. The observed size differences presumably represent an adaptive response 
to differences in the productivity of ecogeographic regions whose flora varies from 
semiarid scrub forests to lush tropical forests. In summary, larger animals are 
found in wetter, lusher habitats. Altitudinally related factors probably also af- 
fected the now extinct prosimians that lived in the mountainous central regions of 
Madagascar. 
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