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 Abstract 
 I present data on variations in  Eulemur fulvus rufus  and  Lepilemur mustelinus  densi-

ties as well as tree characteristics (height, diameter and stem frequency) between edge 
and interior forest habitats in southeastern Madagascar. Line transect surveys were con-
ducted from June 2003 to November 2005 in edge and interior forest habitats in the 
Vohibola III Classified Forest. Although  E. f. rufus  densities were significantly lower in 
edge habitats than in interior habitats, density estimates for  L. mustelinus  did not differ 
significantly between habitats. Trees in edge habitats were significantly shorter, had 
smaller diameters and had lower stem frequencies (for those  1 25 cm in diameter) than 
trees in interior habitats. Spatial characteristics of food abundance and quality may ex-
plain lemur density patterns in Vohibola III. Low  E. f. rufus  densities may reduce seed 
dispersal in edge habitats, which has important consequences for the long-term viabil-
ity of forest ecosystems in Madagascar.  Copyright © 2007 S. Karger AG, Basel 

 Introduction 

 Anthropogenic disturbances are causing forests to become increasingly frag-
mented in many tropical regions of the world. One of the main consequences of for-
est fragmentation is an increase in the amount of edge habitats [Laurance and Yensen, 
1991]. Edge habitats occur at the boundary between two different habitat types, such 
as where grasslands border on forests. Edge habitats have transitional abiotic (tem-
perature, humidity, light levels, wind speed) and biotic characteristics that can ben-
efit certain species but exclude others over time [Ries and Sisk, 2004].  Murcia [1995] 
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noted that these spatial and temporal variations in habitat characteristics can then 
have secondary effects on pollination and seed dispersal. For example, increased 
wind speed near forest edges causes blow-down damage to large fruit trees [Laurance 
and Yensen, 1991]. Destruction of large fruit trees near forest edges results in reduced 
densities of frugivores in these habitats, which ultimately has a negative effect on for-
est dynamics if the frugivores are also important pollinators and seed dispersers 
[Restrepo et al., 1999]. However, some tropical mammals prefer forest edges due to 
higher leaf quality and insect abundance in these habitats [Ries et al., 2004]. Ganz-
horn [1995] documented that low-intensity logging increased light levels in dry for-
ests in western Madagascar, which resulted in a higher protein concentration in 
leaves. Thus, some folivorous primates may prefer to forage for leaves in edge habi-
tats. However, there are few data on spatial variations in primate abundance between 
edge and interior habitats.

  Primate responses to forest edges are particularly relevant to lemurs, which are 
among the most threatened primate taxa in the world due to extremely high levels of 
forest loss and fragmentation in Madagascar [Mittermeier et al., 1994; Ganzhorn et 
al., 2001; Lehman, 2006]. In fact, recent studies by Ganzhorn et al. [2003] document-
ed a positive correlation between fragment size and lemur species diversity in south-
eastern Madagascar. Most lemurs are either unwilling or unable to cross grassland 
and agricultural fields between forest fragments [Lehman, 2006]. However, many 
lemurs persist in degraded and edge habitats [Ganzhorn, 1994, 1995; Irwin et al., 
2005; Lehman et al., 2006a].  For example, of the 6 lemur taxa studied to date for their 
responses to forest edges in eastern humid forests  (Avahi laniger ,  Cheirogaleus major , 
 Eulemur rubriventer ,  Hapalemur griseus griseus ,  Microcebus rufus  and  Propithecus 
edwardsi),  only  C. major  had reduced densities in edge habitats [Lehman et al., in 
press a]. The other 5 lemur taxa existed at either higher densities in edge habitats or 
they did not display any spatial variations in densities [Lehman et al., 2006a]. Little 
is known about how other sympatric lemur taxa, such as  Eulemur fulvus  and  Lepi-
lemur  sp., respond to forest edges.  

   E. f. rufus  is a medium-sized (2.18–2.25 kg) lemur that tends to be found in pri-
mary and well-established secondary humid forests in southeastern Madagascar 
[Overdorff, 1993; Smith and Jungers, 1997]. This diurnal lemur lives in multi-male, 
multi-female groups with an average group size of 9 individuals in Ranomafana Na-
tional Park [Overdorff et al., 1999]. Density estimates for  E. f. rufus  (3.8–22.7 indi-
viduals/km 2 ) vary widely throughout southeastern Madagascar [Overdorff, 1991; 
Irwin et al., 2005; Lehman et al., 2005]. The annual diet of this lemur is dominated 
by fruit and supplemented by seasonal exploitation of leaves and flowers [Overdorff, 
1991]. The taxonomic status and biogeography of nocturnal  Lepilemur  sp. is the sub-
ject of considerable debate [Groves, 2001; Ravaoarimanana et al., 2001; Goodman 
and Ganzhorn, 2003]. Following recent cytogenetic studies, the  Lepilemur  taxa in 
the region of my study site may represent a new, undescribed species [Andriaholin-
irina et al., 2005]. Until such time as this debate is resolved, the  Lepilemur  taxon in 
this region is listed as  L. mustelinus  [Goodman and Ganzhorn, 2003]. This species 
of sportive lemur weighs approximately 0.777 kg [Smith and Jungers, 1997] and is 
found in primary and secondary forests in southeastern Madagascar.  L. mustelinus  
is a solitary forager, although 2–4 individuals will sleep together during the day 
[Lehman, pers. observation].  L. mustelinus  exists at densities of 9–13 individuals/
km 2  in the Anamalazoatra and Vohibola III Special Reserves [Ganzhorn, 1988; 
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Lehman et al., 2005]. Preliminary data on the feeding ecology of  L. mustelinus  indi-
cate that it prefers leaves and supplements its diet with fruit and flowers [Ganzhorn, 
1988]. It is important to note that  L. mustelinus  has a very long cecum [Chivers, 
1994], which likely serves as a gastrointestinal adaptation for carbohydrate fermen-
tation [Lambert, 1998]. 

  I generated predictions on how  E. f. rufus  and  L. mustelinus  should respond to 
edge habitats based on tree characteristics and species-specific dietary patterns 
[Sussman, 1987]. Fruiting trees tend to occur at low densities and produce few fruit 
crops in eastern Madagascar [Ganzhorn, 1995]. Moreover, fruit crops tend to be lost 
due to increased wind turbulence near the forest edge, particularly during the an-
nual cyclone season from January to March [Balko and Underwood, 2005]. For ex-
ample, cyclonic winds resulted in the total devastation of most fruit patches in 
Manombo Special Reserve [Ratsimbazafy, 2002; Wright et al., 2005]. Anthropogen-
ic disturbances and cyclone damage to fruit trees can strongly influence the abun-
dance and dispersal of frugivorous lemurs [Balko and Underwood, 2005]. If edge 
effects negatively influence the distribution and density of fruit trees, then these 
patch dynamics may be of particular consequence for frugivorous  E. f. rufus .  There-
fore, I predicted that  E. f. rufus  should exist at lower densities in edge habitats than 
in interior habitats. Although changes in fruit availability should also influence  L. 
mustelinus , the predominantly folivorous diet of this lemur should mitigate edge in-
fluences on spatial patterns of density. Specifically, folivores do not face the same 
challenges of resource acquisition because of the relatively high abundance and 
availability of leaves compared to fruits in eastern humid forests [Overdorff, 1993; 
Powzyk and Mowry, 2003]. Thus, I predicted that there should be no spatial varia-
tions in densities for  L. mustelinus  between edge and interior habitats.

  Methods 

 Data were collected from June 1, 2003, to November 22, 2005, at Camp Mangatsiaka in the 
Vohibola III Classified Forest. No data were collected in January or February due to site inac-
cessibility during the annual cyclone season. Vohibola III is a 2,034-ha forest fragment located 
at 20°43 �  S and 47°25 �  E, 200 km southeast of the capital of Antananarivo. Camp Mangatsiaka 
is located at 20°41 � 32 �  �  S, 47°26 � 15 �  �  E (1,180 m altitude) in the central section of Vohibola III 
[Lehman et al., 2006a]. Rainfall amounts average 2,478 mm/year, and the heaviest rains tend to 
come during the warm, wet season from December to March [Lehman, unpubl. data]. The av-
erage annual temperature is 20.2  8  3.5   °   C.

  Forests are composed predominantly of endemic species of  Tambourissa  (Monimiaceae), 
 Ephippiandra  (Monimiaceae) and  Ocotea  (Lauraceae) in Vohibola III. There is also a high di-
versity of bamboos (Poaceae) and epiphytic plants. The matrix is composed entirely of intensive 
slash-and-burn agriculture. Cultivation involves rice, sugar cane ( Saccharum officinarum,  Po-
aceae) and tobacco ( Nicotiana tabacum,  Solanaceae). Although colonizing tree species, such 
as  Harungana madagascariensis  (Clusiaceae) and woody plants form a secondary thicket in 
abandoned cultivated areas, there is an abrupt or ‘hard’ edge between the matrix and forest 
habitats.

  Four 500-meter interior and four 500-meter edge transects were used for lemur and tree 
surveys in Vohibola III ( table 1 ). Following Chen et al. [1992], each transect ran perpendicular 
from the forest edge into the forest interior. Numbered flagging tape was used to mark 10-me-
ter increments along each transect. The first tree trunk  1 10 cm DBH (diameter at breast height) 
encountered on each transect was used as the edge point. It is important to note that these edge 
points were always within 0.5 m of the ‘hard’ edge between the forest and matrix. In other 
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words, the start of each transect was not separated from the edge by a large expanse of second-
ary vegetation with a DBH  ! 10 cm. Interior transects were set up at the same orientation and 
250 m from the terminus of edge transects. Thus, interior transects started 750 m from the for-
est edge, which exceeds penetration distances for all abiotic (temperature, light, humidity and 
wind) and biotic (tree dendrometrics and densities) edge effects measured in Vohibola III 
[Lehman, unpubl. data] as well as other forest sites in Madagascar [Lehtinen et al., 2003]. There-
fore, survey data for interior transects were extended far enough into forest interior to be free 
of abiotic and biotic edge effects [Murcia, 1995]. It is important to note that previous studies 
revealed no significant topographic effects on edge-related variations in abiotic and biotic fac-
tors in Vohibola III [Lehman et al., in press a]. Moreover, the maximum elevation of 1,311 m in 
Vohibola III is well below the maximum elevation reported by Goodman and Ganzhorn [2004] 
for  E. f. rufus  (1,670 m) and  L. mustelinus  (1,990 m).

  Diurnal lemur surveys were conducted along transects by 1–3 team members walking 
slowly (0.5–1.0 km/h) during 7.00–11.00 h and 14.00–17.00 h. Nocturnal surveys were conduct-
ed by 1–2 team members along transects from 19.00 to 22.30 h. Starting points for all surveys 
were rotated to ensure that the data were not biased due to increased detection probabilities as-
sociated with time. The following data were collected whenever lemurs were seen: date, time, 
transect number, participants, distance along trail from first animal seen/middle of group, spe-
cies/subspecies, group composition and size, perpendicular sighting distance, height (m) of 
first animal seen, group spread and method of detection.

  Botanical surveys were conducted along both sides of each transect to a depth of 1 m, for 
a total area sampled of 0.8 ha. Data were collected on height (m), DBH (cm) and distance to for-
est edge (m) for all trees  1 10 cm DBH. The 10-cm DBH threshold is a standard limit used by 
primatologists throughout southeastern Madagascar and thus facilitates direct comparisons 
between sites. Voucher specimens were collected for each tree identified by local name with the 
assistance of the local guides. Specimens were deposited for scientific identification by bota-
nists at the Parc Botanique et Zoologique Tsimbazaza in Antananarivo.

  Lemur densities (number of individuals/km 2 ) were obtained by dividing the number of 
individuals surveyed by the total survey area in each habitat [Whitesides et al., 1988]. Species-
specific sighting widths for each transect were estimated using the perpendicular distance (m) 
from the individual or center of the group to the transect and the histogram inspection tech-
nique, with a 50% criterion for falloff distance [Whitesides et al., 1988]. Variances were com-
puted by using each transect sample separately.

Table 1. Transect descriptions and survey frequencies in Vohi-
bola III

Transect Habitat Survey frequencies

diurnal nocturnal

1 edge 152 58
2 interior 152 58
3 edge 146 56
4 interior 146 56
5 edge 138 56
6 interior 138 56
7 edge 142 58
8 interior 142 58

Total 1,156 456
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  Pearson  �  2  tests were used to determine differences in diurnal and nocturnal survey 
frequencies between transects as well as differences in tree stem numbers between habitats. 
I used Kruskal-Wallis tests to determine seasonal differences in density estimates for  E. f. 
rufus  and  L. mustelinus.  Seasons were defined as follows:   rainy season from December to 
April, cool dry season from May to August and dry season from September to November 
[Grassi, 2002; Lehman, in press]. A two-sample, structured randomization test with 10,000 
iterations was used to determine habitat differences in lemur perpendicular sighting distanc-
es, lemur densities and dendrometrics. This test was used because it is responsive to edge-re-
lated data sets and requires no assumptions regarding the underlying distribution of the data 
[Fortin and Dale, 2005]. Only significance values are reported because randomization tests 
do not produce a statistical test value. Randomization tests were computed using the Pop 
Tools add-in for Microsoft Excel [Hood, 2004]. The  �  level was set at 0.05 for all analyses. 
Following Ries et al. [2004], I used 3 classes of edge responses for lemurs and tree character-
istics. Taxa with significantly higher density estimates or characteristics in edge habitats ex-
hibited a positive edge response. Taxa with significantly lower density estimates or charac-
teristics in edge habitats exhibited a negative edge response. A neutral edge response oc-
curred when there were no differences in lemur density or tree characteristics between 
interior and edge habitats.

  Results 

 A total of 1,156 diurnal lemur surveys and 456 nocturnal lemur surveys were 
conducted along the 8 transects in Vohibola III ( table 1 ). There were no significant 
differences in the distribution of either diurnal surveys ( �  2  = 0.73, d.f. = 7, p  1  0.10) 
or nocturnal surveys ( �  2  = 0.07, d.f. = 7, p  1  0.10) across the 8 transects. There were 
no seasonal effects on density estimates for  E. f. rufus  (H = 5.18, d.f. = 2, p = 0.28) or 
 L. mustelinus  (H = 4.30, d.f. = 2, p = 0.15). Moreover, there were also no variations 
in perpendicular sighting distances for either  E. f. rufus  or  L. mustelinus  between 
edge and interior habitats ( table 2 ). Thus, any spatial variations in lemur density es-
timates were not an artifact of seasonal variations in activity levels, survey effort or 
differential detection probabilities between habitats.  E. f. rufus  had significantly low-
er densities in edge habitats than in interior habitats. Density estimates for  L. mus-
telinus  did not differ significantly between habitats. Therefore,  E. f. rufus  was classi-
fied as having a negative edge response and  L. mustelinus  was classified as having a 
neutral edge response. 

  Tree data for each habitat type are in  table 3 . Trees were significantly shorter in 
edge habitats than in interior habitats. Similarly, mean DBH was significantly small-

Table 2. Differences in perpendicular sighting distances and density estimates for E. f. rufus and 
L. mustelinus between edge and interior habitats

Lemur taxa Individuals Mean perpendicular 
distance 8 1 SD, m

p Density 8 variance, 
individuals/km2

p Edge 
response

edge interior edge interior edge interior

E. f. rufus 30 87 6.885.9 6.584.1 >0.10 6.081.3 12.480.8 <0.001 negative
L. mustelinus 22 25 5.282.7 5.483.0 >0.10 9.882.4 12.382.1 >0.10 neutral
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er in edge habitats than in interior habitats. Although there were no significant dif-
ferences in the total number of tree stems between habitats ( �  2  = 0.25, d.f. = 1, p  1  
0.10), there were significantly fewer trees with a DBH  1 25 cm in edge habitats ( �  2  = 
11.5, d.f. = 1, p  !  0.001). Thus, trees exhibited an overall negative edge response in 
Vohibola III.

  Discussion 

 I confirmed my first prediction that  E. f. rufus  would exist at lower densities in 
edge habitats than in interior habitats. These spatial variations in the abundance of 
 E. f. rufus  are likely a result of the combined effects of a frugivorous diet and tree 
dendrometrics. During periods of fruit scarcity,  E. f. rufus  feed on fruit from large 
trees of rare plant species in Ranomafana National Park [Overdorff, 1993], which is 
only 40 km south of Vohibola III.  E. f. rufus  also forage for fruit over wider areas of 
forest than sympatric  E. rubriventer . Tree diameter tends to covary with fruit abun-
dance in Madagascar [Ganzhorn, 1995; Balko and Underwood, 2005], and tree DBH 
is significantly smaller in edge habitats in Vohibola III. There are also fewer large 
trees in edge than interior habitats. If tree diameter and fruit production are nega-
tively influenced by edge proximity, then spatial variations in fruit production ex-
plain some of the density patterns observed for  E. f. rufus  in Vohibola III. Reduced 
densities of  E. f. rufus  in edge habitats may have important secondary effects on for-
est processes. Despite  E. f. rufus  being poor pollinators due to their destructive flow-
er feeding [Overdorff, 1992], they are thought to be important seed dispersers of fruit 
trees in southeastern Madagascar [Dew and Wright, 1998].  Therefore, the negative 
edge response by  E. f. rufus  may ultimately be detrimental to forest processes in 
southeastern Madagascar. 

  It is important to note that my tree data are for all species rather than just for 
food trees exploited by  E. f. rufus  in Vohibola III. Although  E. f. rufus  feed on 104 plant 
species [Overdorff, 1993], it is highly likely that my dendrometric data include species 
that do not represent an important food resource for  E. f. rufus . Moreover, the diet of 
 E. f. rufus  may vary between edge and interior habitats. Studies of lemur feeding ecol-
ogy indicate that conspecifics can exhibit considerable dietary differences between 
habitats [Lehman and Mayor, 2004; Balko and Underwood, 2005].  Any presumed 
relationships between  E. f. rufus  edge responses and tree characteristics, as an indirect 
measure of fruit abundance, should be viewed with caution.

Table 3. Comparisons of tree characteristics between edge and interior habitats

Tree characteristic Edge Interior p value Edge response

Mean height 8 1 SD, m 10.3482.7 12.7684.3 <0.0001 negative
Mean DBH 8 1 SD, cm 16.8986.7 19.0487.6 <0.0001 negative

Stems >10 cm DBH 517 542 >0.10 neutral
Stems >25 cm DBH 119 207 <0.001 negative



Folia Primatol 2007;78:46–5552  Lehman

 

  My second prediction was also confirmed in that  L. mustelinus  exhibited a neu-
tral edge response in Vohibola III. This neutral edge response is likely due to the fact 
that the abundance of leaves is not influenced by edge effects [Norconk and Grafton, 
2003]. Despite the lack of statistical difference in  L. mustelinus  densities between 
habitats, there was a tendency for this species to be more abundant in interior than 
edge habitats ( table 2 ). Edge-related variations in fruit abundance are possible co-
variates to the distribution of  L. mustelinus  in Vohibola III. Thus, an interesting 
question that cannot be answered at this time is if  L. mustelinus  will exhibit a nega-
tive edge response, similar to that seen in the highly frugivorous  E. f. rufus , during 
the time period of maximum fruit availability (approx. from January to May). More-
over, the broad habitat characteristics used here may mask fine-grained responses of 
folivorous lemurs to spatial variations in leaf quality (protein and energy). For ex-
ample,  Avahi laniger  is a small-bodied (0.60–1.30 kg), highly folivorous lemur that 
is sympatric with  L. mustelinus  throughout much of southeastern Madagascar 
[Faulkner and Lehman, 2006], except for Kalambatritra Special Reserve, in which 
no  A. laniger  have been seen but  Lepilemur  sp. are abundant [Irwin et al., 2001]. De-
spite  A. laniger  exhibiting a neutral edge response using broad edge versus interior 
habitats [Lehman et al., 2006a], detailed spatial data revealed that this species is most 
abundant within 100 m of the forest edge [Lehman et al., 2006b]. Edge-related vari-
ations in  A. laniger  densities are likely a result of higher protein levels in leaves near 
forest edges [Ganzhorn, 1995] as well as small body size and the simple monogastric 
stomach of this lemur [Faulkner and Lehman, 2006]. Spatial variations in protein 
levels should also be relevant to  L. mustelinus.  The cecocolic fermentation used by 
 Lepilemur  sp. precludes the use of protein from fermentative gut microbes [Lambert, 
1998]. This lemur also lacks large body size, which is one of the main morphological 
adaptations associated with folivory [Chivers and Hladik, 1980]. Specifically, it has 
been hypothesized that a highly folivorous diet can only be energetically sustained 
by a primate weighing more than 0.700 kg [Kay, 1984]. Therefore, the neutral edge 
response of  L. mustelinus  needs to be verified at more fine-grained spatial scales. 

  The negative edge response exhibited by  E. f. rufus  and slightly lower density of 
 L. mustelinus  in edge habitats may also reflect past hunting practices by local people. 
Although hunting by local people has ceased since they decided in approximately 
1999 to designate Vohibola III as a protected area, lemurs are hunted and  E. f. rufus  
is a favorite prey item in the adjacent Fandriana-Marolambo Forest Corridor [Leh-
man et al., 2006c; Lehman et al., in press b]. In this corridor, hunting is typically done 
with blow guns, sling shots and snare traps. Moreover, lemur snare traps were found 
to be in close proximity to forest edges in the northern part of the corridor [Lehman 
and Wright, 2000]. If local people are actively hunting lemurs with snare traps in 
Vohibola III, then the indiscriminant capture of all lemurs in these traps should have 
also resulted in significantly lower density estimates for  L. mustelinus  in edge habi-
tats. However, density estimates were only reduced for  E. f. rufus  in edge habitats. 
Moreover, previous research found that  Propithecus edwardsi , which is heavily hunt-
ed by people in southeastern Madagascar, actually exists at higher densities in edge 
habitats in Vohibola III [Lehman et al., 2006b]. Thus, spatial patterns in lemur den-
sities may represent a lag effect of past hunting/trapping pressures in edge habitats.

  In summary, frugivorous  E. f. rufus  avoided edges due presumably to reduced 
fruit abundance in this habitat, which may have negative effects on seed dispersal of 
fruit trees. Although tree height and diameter were reduced in edge habitats, folivo-
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rous  L. mustelinus  exhibited little spatial variation in density estimates. Lack of an 
edge response in  L. mustelinus  was likely a result of similar levels of leaf abundance 
in edge and interior habitats. Increased sample sizes for surveys as well as data on 
food abundance and quality will provide a more detailed understanding of how  E. f. 
rufus  and  L. mustelinus  respond to forest edges. Ongoing surveys will also enable me 
to determine fine-grained variations in edge responses for  E. f. rufus  and  L. muste-
linus  in Vohibola III. Continued research on lemur and plant responses to edge hab-
itats will improve our understanding of the conservation biology of forest ecosys-
tems in Madagascar. 

  Acknowledgments 

 I thank ANGAP, the Ministry of Water and Forest, ONE and the University of Antanana-
rivo for permission to conduct my research in Madagascar. I appreciate the support and advice 
provided by Patricia Wright, Benjamin Andriamahaja, Randriamanampisoa Rakotoarisoa, 
Benjamin Randrianambina, Jean Marcel Rakotoarison, Fanja Raoelinirina and the staff at 
ICTE/MICET. I am extremely grateful to the people who assisted me with data collection, par-
ticularly Sabine Day and Andry Rajaonson. A previous draft of the manuscript benefited great-
ly from the comments of the three reviewers. My research was supported by a Discovery Grant 
from the Natural Sciences and Engineering Research Council of Canada, the Connaught Foun-
dation and the University of Toronto.

 

 References 

 Andriaholinirina N, Rabarivola C, Hauwy M, Rumpler Y (2005). Cytogenetic study of  Lepilemur mi-
crodon .  Folia Primatologica  76: 238–241. 

 Balko EA, Underwood HB (2005). Effects of forest structure and composition on food availability for 
 Varecia variegata  at Ranomafana National Park, Madagascar.  American Journal of Primatology  
66: 45–70. 

 Chen J, Franklin JF, Spies TA (1992). Vegetation responses to edge environments in old-growth Doug-
las-fir forests.  Ecological Applications  2: 387–396. 

 Chivers DJ (1994). Functional anatomy of the gastrointestinal tract. In  Colobine Monkeys: Their Ecol-
ogy, Behavior, and Evolution  (Davies AG, Oates JF, eds.), pp 205–227. Cambridge, Cambridge 
University Press. 

 Chivers DJ, Hladik CM (1980). Morphology of the gastrointestinal tract in primates: comparisons with 
other mammals in relation to diet.  Journal of Morphology  166: 337–386. 

 Dew JL, Wright PC (1998). Frugivory and seed dispersal by four species of primates in Madagascar’s 
eastern rain forest.  Biotropica  30: 425–437. 

 Faulkner A, Lehman SM (2006). Feeding patterns in a small-bodied nocturnal folivore  (Avahi laniger)  
and the influence of leaf chemistry: a preliminary study.  Folia Primatologica  77: 218–227. 

 Fortin M-J, Dale MRT (2005).  Spatial Analysis: A Guide for Ecologists . Cambridge, Cambridge Univer-
sity Press. 

 Ganzhorn JU (1988). Food partitioning among Malagasy primates.  Oecologia  75: 436–450. 
 Ganzhorn JU (1994). Lemurs as indicators for habitat change. In  Current Primatology  (Thierry B, An-

derson JR, Roeder JJ, Herrenschmidt N, eds.),  vol 1: Ecology and Evolution,  pp 51–56. Strasbourg, 
University of Louis Pasteur. 

 Ganzhorn JU (1995). Low-level forest disturbances effects on primary production, leaf chemistry, and 
lemur populations.  Ecology  76: 2084–2096. 

 Ganzhorn JU, Goodman SM, Dehgan A (2003). Effects of forest fragmentation on small mammals and 
lemurs. In  The Natural History of Madagascar  (Goodman SM, Benstead JP, eds.), pp 1228–1234. 
Chicago, University of Chicago Press. 

 Ganzhorn JU, Lowry PP, Schatz GE, Sommer S (2001). The biodiversity of Madagascar: one of the 
world’s hottest hotspots on its way out.  Oryx  35: 346–348. 



Folia Primatol 2007;78:46–5554  Lehman

 

 Goodman SM, Ganzhorn J (2003). Biogeography of lemurs in the humid forests of Madagascar: the role 
of elevational distribution and rivers.  Journal of Biogeography  31: 47–56. 

 Goodman SM, Ganzhorn J (2004). Elevational ranges of lemurs in the humid forests of Madagascar. 
 International Journal of Primatology  25: 331–350. 

 Grassi C (2002).  The Behavioral Ecology of  Hapalemur griseus griseus:  The Influences of Microhabitat 
and Population Density on this Small-Bodied Folivore (Madagascar) . Unpublished PhD disserta-
tion, University of Texas, Austin. 

 Groves CP (2001).  Primate Taxonomy . Washington, Smithsonian Institution Press. 
 Hood GM (2004). Pop Tools. Version 2.6.2. http://www.cse.csiro.au/poptools. 
 Irwin MT, Johnson SE, Wright PC (2005). The state of lemur conservation in southeastern Madagascar: 

population and habitat assessments for diurnal lemurs using surveys, satellite imagery and GIS. 
 Oryx  39: 204–218. 

 Irwin MT, Samonds KE, Raharison JL (2001). A biological inventory of the lemur community of Réserve 
Spéciale de Kalambatritra, south-central Madagascar.  Lemur News  6: 24–28. 

 Kay RF (1984). On the use of anatomical features to infer foraging behavior in extinct primates. In  Ad-
aptations for Foraging in Nonhuman Primates: Contributions to an Organismal Biology of Prosim-
ians, Monkeys, and Apes  (Rodman PS, Cant JGH, eds.), pp 21–53. New York, Columbia Univer-
sity Press. 

 Lambert JE (1998). Primate digestion: interactions among anatomy, physiology, and feeding ecology. 
 Evolutionary Anthropology  7: 8–20. 

 Laurance WF, Yensen E (1991). Predicting the impacts of edge effects in fragmented habitats.  Biological 
Conservation  57: 205–219. 

 Lehman SM (2006). Conservation biology of Malagasy Strepsirhines: a phylogenetic approach.  Ameri-
can Journal of Physical Anthropology 130: 238–253 . 

 Lehman SM (in press). Effects of transect selection and seasonality on lemur density estimates in south-
eastern Madagascar.  International Journal of Primatology . 

 Lehman SM, Mayor M (2004). Dietary patterns in Perrier’s sifakas  (Propithecus diadema perrieri):  a 
preliminary study.  American Journal of Primatology  62: 115–122. 

 Lehman SM, Wright PC (2000). Preliminary description of the conservation status of lemur communi-
ties in the Betsakafandrika region of eastern Madagascar.  Lemur News  5: 23–25. 

 Lehman SM, Rajaonson A, Day S (2005). Composition of the lemur community in the Vohibola III Clas-
sified Forest, SE Madagascar.  Lemur News  10: 16–19. 

 Lehman SM, Rajaonson A, Day S (2006a). Lemur responses to edge effects in the Vohibola III Classified 
Forest, Madagascar.  American Journal of Primatology  68: 293–299. 

 Lehman SM, Rajoanson A, Day S (2006b). Edge effects and their influence on lemur distribution and 
density in southeast Madagascar.  American Journal of Physical Anthropology  129: 232–241. 

 Lehman SM, Rajoanson A, Day S (in press a). Edge effects on the density of  Cheirogaleus major .  Inter-
national Journal of Primatology . 

 Lehman SM, Ratsimbazafy HJ, Rajaonson A, Day S (2006c). Decline of  Propithecus diadema edwardsi  
and  Varecia variegata variegata  (Primates: Lemuridae) in south-east Madagascar.  Oryx  40: 108–
111. 

 Lehman SM, Ratsimbazafy HJ, Rajaonson A, Day S (in press b). Ecological correlates to lemur commu-
nity structure in SE Madagascar.  International Journal of Primatology . 

 Lehtinen RM, Ramanamanjato J-B, Raveloarison JG (2003). Edge effects and extinction proneness in a 
herpetofauna from Madagascar.  Biodiversity and Conservation  12: 1357–1370. 

 Mittermeier RA, Tattersall I, Konstant WR, Meyers DM, Mast RB (1994).  Lemurs of Madagascar . Wash-
ington, Conservation International. 

 Murcia C (1995). Edge effects in fragmented forests: implications for conservation.  Trends in Ecology 
and Evolution  10: 58–62. 

 Norconk MA, Grafton BW (2003). Changes in forest composition and potential feeding tree availabil-
ity on a small land-bridge island in Lago Guri, Venezuela. In  Primates in Fragments: Ecology and 
Conservation  (Marsh LK, ed.), pp 211–227. New York, Kluwer Academic/Plenum Publishers. 

 Overdorff DJ (1991).  Ecological Correlates to Social Structure in Two Prosimian Primates:  Eulemur ful-
vus rufus  and  Eulemur rubriventer  in Madagascar . Unpublished PhD dissertation, Duke Univer-
sity, Durham. 

 Overdorff DJ (1992). Differential patterns in flower feeding by  Eulemur fulvus rufus  and  Eulemur ru-
briventer  in Madagascar.  American Journal of Primatology  28: 191–203. 

 Overdorff DJ (1993). Similarities, differences, and seasonal patterns in the diets of  Eulemur rubriventer  
and  Eulemur fulvus rufus  in the Ranomafana National Park, Madagascar.  International Journal 
of Primatology  14: 721–753. 

 Overdorff DJ, Merenlender AM, Talata P, Telo A, Forward ZA (1999). Life history of  Eulemur fulvus 
rufus  from 1988–1998 in southeastern Madagascar.  American Journal of Physical Anthropology  
108: 295–310. 



 Lemur Spatial Variations 55Folia Primatol 2007;78:46–55

 Powzyk JA, Mowry CB (2003). Dietary and feeding differences between sympatric  Propithecus diadema 
diadema  and  Indri indri .  International Journal of Primatology  24: 1143–1162. 

 Ratsimbazafy J (2002).  On the Brink of Extinction and the Process of Recovery: Responses of Black-and-
White Ruffed Lemurs  (Varecia variegata variegata)  to Disturbance in Manombo Forest, Madagas-
car . Unpublished PhD dissertation, Stony Brook University, Stony Brook. 

 Ravaoarimanana B, Fausser JL, Rumpler Y (2001). Genetic comparison of wild populations of  Lepile-
mur septentrionalis  and  Lepilemur dorsalis  using RAPD markers.  Primates  42: 221–231. 

 Restrepo C, Gomez N, Heredia S (1999). Anthropogenic edges, treefall gaps, and fruit-frugivore inter-
actions in a Neotropical montane forest.  Ecology  80: 668–685. 

 Ries L, Sisk TD (2004). A predictive model of edge effects.  Ecology  85: 2917–2926. 
 Ries L, Fletcher RJ, Battin J, Sisk TD (2004). Ecological responses to habitat edges: mechanisms, models, 

and variability explained.  Annual Review of Ecology and Systematics  35: 491–522. 
 Smith RJ, Jungers WL (1997). Body mass in comparative primatology.  Journal of Human Evolution  32: 

523–559. 
 Sussman RW (1987). Species-specific dietary patterns in primates and human dietary adaptations. In 

 The Evolution of Human Behavior: Primate Models  (Kinzey WG, ed.), pp 151–179. Albany, State 
University of New York Press. 

 Whitesides GH, Oates JF, Green SM, Kluberdanz RP (1988). Estimating primate densities from tran-
sects in a West African rain forest: a comparison of techniques.  Journal of Animal Ecology  57: 
345–367. 

 Wright PC, Razafindratsita VR, Pochron ST, Jernvall J (2005). The key to Madagascar frugivores. In 
 Tropical Fruit and Frugivores: The Search for Strong Interactors  (Dew JL, Boubli JP, eds.), pp 121–
138. Dordrecht, Springer. 

  


