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Abstract

One of the largest protected populations of the Ringtail lemur (Lemur catta) lives in
Berenty Reserve, a 400ha riverine forest in semi-arid southeastern Madagascar. Nine Brown
leniurs (Eulenmr fulvus) were introduced into Berenty in 1974, When these two species exist in
natural sympatry, they overlap little in diet or habitat use. Brown lemurs specialize on closed-
canopy forest but Ringtails are semi-terrestrial and use both forest and adjacent scrub habitat. In -
contrast, preliminary data at Berenty indicated broad intersneciﬁc overlap.. Itested the

hypothesis that the increasing Brown lemur population is having a negative demographic impact

“on Ringtails at Berenty. 1 also sought to understand what factors affect Ringtail and Brown

lemur population density there. 1 studied the resource use, population dynamics, and response to . -

‘ drought of Ringtails and Brown lemurs at Berenty 1 compared the diet and habitat use of seven’
troop-pairs cach with one ngt'ul and one Brown lemur troop hvmg in overlappmg home

‘ranges, and thus sharing access to the same resources. | found that parred ngtarl and Brown

lemur troops living in the same habitat type overlapped more in diet than did adjacent noops of -

_the same species. Census data showed that between 1974 and 2000, the numbers of both specres
- increased, and the combmed densrty of the two populations quadrupled ngtall numbers have

been stable since 1995 while Brown lemur numbers continue to grow. However, Juvemle

fecruitment in Rlngtalls declined wrth mcreasmg Brown lemur densrty in scrub habitat. J uveni]e

‘ recrultment in ngtarls, but not in Brown lemurs, also declined followmg droughts. This is

| ‘h]\ely thc result of reduced productivity in the l\eystone food tree specres T amarzmlus indica
. after droughts Desprte the high overlap in diet of Brown lemurs and Ringtails at Bcrenty, I
: found no evidence that the socially dommant Brown lemur is Iowermg the demographlc

performance of the R1ngla11 1 suggest that. water provrslomng at Berenly exp]ams tlns apparenl

paradox
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Introducﬁon

It is widely assumed that invasions by non-native species are a major cause of extinction
or extirpation of aative species (Courchamp er al. 2003; Gurevitch and Padilla 2004). Well-
documented cases exist of vertebrate species extinctions caused by introduced predators or
pathogens, but there are few convincing examples of extinctions or extirpations caused by
introduced competitors (Davis 2003)." In fact, out of 655 at-risk animal species for which the
IUCN Red List cites introduced species as a cause of decline, introduced competitors threatened
only 37 species (data from Gurevitch and Padrlla 2004). Though extinction and extirpation may
be uncommen outcomes, introduced competrtors cam have severe impacts on numbers or
- distributions of native specie: (e.g. Petren and Case 1996; Juliano 1998; Wilcove et al. 1‘398;

Byers 2000; Bryce e al. 2002) | |

‘ The risk that an mtroduced competitor will have a severe rmpact on 2 native species may. -
be greater if the recrprent system is a havitat fragment, because numbers of the native specres and |
diversity of available resources will be limited (Davis 2003). It may also be greater if the
invader is a superior competitor in the dominant local habitat (Juliano 1998; Bryce et al. 2002). |
In addition, an introduced competitor may be more likely to have a severe impact ona natr'.ve
species if the recipient site’s ecology has been substantially altered (Petren and Case 1996; Byers i

: '7007) Conversely, the risk of severeimpact should be less if the natrve species hasan ‘
evolutronary lnstory of coexisting with specres Srmrlar to the introduced specres, under srmrlar

o ecologrcal conditions (¢f. introductions to islands, Courchamp et al. 2003). This. assumptlon is
sometrmes used to justify species translocations, remtroduclrons, and introductions (IUCN

"" l998) "However, ‘populations of non-native species introduced to habitat near to and

‘ f ecologrcally srmrlar to their hrstonc ranges, can have unexpected and dam agmg effects (e g
: Masters etal 2004) , k

‘ 1 exammed the eﬂ"ects of an mtroduced populatron of Brown lemurs (Eulemur julvu.s

i ruﬁzs) on a native populauon of Ringtail lemurs (Lemur catta) at Berenty Reserve, Madagascar

Condrtrons facmg ngtarl lemurs at Berenty appear to place them at high risk from mtroduced
mp Berenty is part of &l rsolated 350ha fragment of npanan forest i in the semr-and

: south of Madagascar. It has been altered extenerely, mcludmg cleanng of edge habitat and

b provrsron of dnnkmg water for lemurs ngtarl lemurs are poor competrtors adapted to :

survrvmg m margmal habrtat (Gould et al. 1999 Godﬁ'ey et al 2004), but are mamly founu in " o o




- Brown lemurs are not endangered, and were released at Berenty by accident.  Yet if their natural

o : ,closcd canopy forcst and spent less than 3% of their ttme on the ground ngtalls, in contrast,

high quality habitat at Berenty. Throughout their southern Madagascar range, Ringtails existat

high density only in high biomass riparian or other closed-canopy dry forest (Sussman et al.
:2003). High biomass dry {orest in southern Madagascar has been extensively cleared, and
rcmains only in isolated fragments (Smith 1997; Sussman et al. 2003). - The JUCN lists Ringtails
as Vulnerable (Ganzhorn e a/. 2000), but recent habitat surveys suggest this listing should be
upgraded (Sussman e! al. 2003). . Of the six protected areas containing wild Ringtails, Berenty . ’
holds one of the largest poputations. :
Unlike ngtalls, the introduced Brown lemiurs are strong competitors. Like ngtarls,
they eat primarily fruit and leaves supplemented with occasional prey items, and like Ringtails,
fruit and leaves from the tree Tamarindus indica makes up a substantial part of their diet. In - :
‘ high quality habitat, Brown lemurs reach much higher density than do Ringtails (Sussman 1972) -
' ‘and deplete patches of mutuaily preferred foods to lower levels, (Ganzhomn 1986). Ringtails and
Brown lemurs share great similarities in life history, morphology, seasonal growth patterns,
‘ reproductive biology and seasonality; maternal investment, and juvenile development (Sussman .
1972; Pereira 1993). Both are group-living and diurnal; Ringtails are territorial while Brown
lemurs are not.’ - - o k | - |
The Brown lemur introduction, howevcr, may not place the Berenty Rjngtail populétion
at risk. Brown lemurs and Rlngtails are naturally sympatric in part of their natural ranges, about
©.300km nonhwest of Berenty (Sussman 1972). Brown lemurs’ range extends from dry forest- ‘
north into troplcal ramforcst whxle Ringtails’ extends south i into arld habnat ( Sussman 1972)

range were to become umnhab:table, Berenty would be a loglcal introduction site. Beremy s
‘sxmllar in resource availability, composition and seasonallty, to forests in whlch the specxes are ' '
. naturally sympatnc, and has the same specxes of predators and other sympatnc pnmates

{Sussman l972 Pmkus unpubllshed data). T, mdxca apreferred food for both specres in natural v, iR

‘ sympatry, is abundant at Berenty. In naturally sympamo populanons of ngtalls and Brown
o lemurs, Sussman (1972) found lmle mtcrspcclﬁc overlap in habitat use or dlet and rarely k
-observed mterspeclﬁc interaction of z any sort, He described Brown Jemurs as lnghly arboreal diet

; speclallsts who ate primarily mature leaves and fruxt from T. indica, seldom ventured outsxde of

e were seml-lcrrestnal ate a much greaier vanety of plant specres, and were found at all leVels of L
L the torest canopy, most frequently below lSm hlgh and on the ground (Sussman l972) lee

i Brown lemurs, ngtalls 1nhab1ted closed canopy forcst but most of thelr temtones mcluded




large areas of transition forest and scrub at the forest edge (Sussman 1972). Ringtails outside of

sympatry with Brown lemurs act much as Sussman (1972) observed in sympatry (Sauther 1991;
Yamashita 2002). ‘Brown lemurs outside of sympatry with Ringtails exist in both dry forest and -
rainforest, and exhibit a variety of ecologies, none as specialised as in natural sympatry (e.g.
Overdorff 1991;Scholz and Kappeler 2004).

Sussman (1972)did the only studv of Ringtails and Brown lemurs in natural sympatry,
though Ganzhom (1985, 1986)studied Ringtailsand Brown lemurs housed together in large
enclosures at Duke Primate Center. Long-tzrm research on the allopatric Rxngtarl populatlon at-
Beza Mahafaly Special Reserve in southwestern Madagascar (e.g. Gould ez al. 1999; Yamashita
2002; Gould et al. 2003) provides an important comparison to Berenty. Beza Mahafaly has

 similar vegetation to Berenty (Sussman 1972; Sussman and Rakotozal'y 1994) and similar fauna,
but has neilher_ Brown lemurs nor water provisioning. - Simmen et al. (2003) studied sympatric
Brown lemurs and Ringtails in food-provisioned' habitat at Berenty. I haye not used their results
for comparrson because the dynamrcs of food-provisioned ngtarls at Berenty are beyond the
' scope of this study.
Since thexr mtroductlon to Berenty in 1974, Brown lemurs have mcreased exponentlally, E
forming a population that acts very unlike Brown lemurs in natural sympatxy with ngtalls
- They have colonised all parts of the Reserve, even the edge habltat normally monopolrsed by
- Ringtails. l‘helr diet and use of canopy levels at Berenty overlap almost completely with that of -
‘ ‘ ‘Ringtails. Interspecific af,gressron over food is common Desprte the introduction of Brown
lemurs, numbers of ngtarls m high quahty habitat at Berenty have recently almost doubled
’ ;though they were apparently stable from at least 1972 until 1985 “The recent ngtall populatlon .
growth suggests a lack of impact from the Brown lemur mtroductron However, a populatlon s
size may remam stable or even 1ncrease as envrronmental conditions worsen, then declmc v
abruptly (Abrams 2002) Thus the growth of Brown lemur numbers at Berenty may threaten the
long-term stabrhty of Beremy s ngtall population (e g Jolly etal. 1982, Jolly et al. 2002)
Information about the rmpact of the Brown lemur mtroductlon and its 1ncorporatron into our - -
‘ ‘understandmg of ngtarl demography at Berenty, is needed to inform a management plan for o
o Berenty s ngtarl populatlon 1 provide some of this mformatron in thxs the‘us '

Reg,ulatrons at Berenty, and the vulnerable status of the angtall populatron, preclude

‘ ‘mampulatwe expenments Instead 1 used natural and human-rnduced envrronmental vanablllty S

en  at Berenty to examme the effects of Brown lemurs on resources lrmmnz> ngtarls I consrdered : 5

. three kmds of hmltmg resources presence of closed-canopy forest water avarlabrhty, and




availability of T. indica fruit, the key dry season food for both lemur species. Closed-canopy

forest at Berenty decreases with distance from the Mandrarc River. Water availability varies
among seasons, with distance fimam the river, and is affected by water provisioning. T, indica
fruit availability varies with distance from the river, and fluctuates in response to droughts.
Droughts affect both food and water availability in the drought year, and may affect food
availability in subsequent years (Ganzhorn ef al. 2003).

My specific goals are ‘to test the hypothesis that the Brown lemur population is having a
negative deniogmphic impact on Ririgtails at Berenty, and to understaad what factors affect ‘
' Ringtail and Brown lemur populauon density there. To do so, [ studied the populahon dynamics,
: ‘resourcc use, and response to drought of Ringtails and Brown lemurs at Berenty. . -

1 show here that there are two significant differences between the ecology and

‘ demography of Ringtails and Brown lemurs at Berenty as compared to natural sympatry. Flrst

interspecific differences in diet and habitat use are much less at Berenty. Second, relative

population densmes at Berenty are blased towards 2 mgtaxls in rich habitat, and Brown lemurs in - -

marginal habxtat Tak“n together these results suggest a strong potential impact of Brown lemurs
on Ringtails at Berenty, suxpnsmgly, I found no evidence of such an xmpact Based on these :
results and previous studies I suggest water prov1sxomng at Berenty may explain this apparenl

‘paradox. Accordingly, the management of water prov1sxonmg at Berenty may have a cruc1al

. effect on c:-uxistence of Brown lemurs and ngtalls there.




‘Methods

Study Site

Site Location ‘

Plerenty is a 200ha privately owned wildlife reserve irx deciduous gallery forest. It lies in
semi-arid southeastern Madagascar, 25° 02° S, 46° 15" E. ‘The regiorl is subdesert, but the‘ réised
water table around rivers supports narrow bands of gallery forest. Berenty; and an adjacent * .
parcel of degraded, partially cleared forest, form a 350ha habitat island bounded on one side by

~ the Mandrare R.iver and on three sides by sisal 'plantatiorls. ’fhese boundaries effectively prevcrlt

. immigration or emigration by lemurs. The nearest occupied Ringtail lemur habitat is

- ‘, approximately 40km distant.

o dry fores t300km norlhwest of Berenty (M Jean de Heaulme mtervrew September 1998 see

- The data used in this study were collected in Malaza, a 97ha parcel of gallery forest
located at the eio.tre of Berenty. Malaza abuts a tourist development to the’ west, the Marldrare
River to the east, A0ha of closed canopy forest to the north, and 210ha of degraded operl-canopy
forest and subdesert to the south. Ringtail and Brown lemuis are present in all forest parcels
Ringtail, but not Brown, lemurs range throughout the tourist development ngtall and Brown
lermurs in Malaza are ha%ituated to human presence and can be approached wrthm 2- 5 meters
- without notlceably altermg their behaviour.

Nau ve Lemur Specres Predators and l!i‘ompelrtors

‘ Five sympatrrc native prosrmians are found at Berenty There are two diurnal group-
“living specres. Ringtail lemurs and white srfaka'c {Propithecus vereauxi vereauxi), and three .
' ‘ nocturnal specres ‘common mouse lemurs (Mrcro/-el'us murmu.s), dwarf lemurs (Chelrogalms ‘

‘major), and sportlve lemuts (Leprlemur mustelmeus\ Potential predators of lemurs include the ‘
' raptors Polyborordes madagaccarzemts and Buleo madagascarensu feral cats and dogs, and the
l'aoa consmctors Acramop i madagasmr.emzr and oanzzma dumerilii. Predat;on does not seem ‘
to bea srgmﬁcant source of mortalrty for ngml r Brown lemurs. The rufus frult bat -
8 (Ptcropus rufus) isa potentral food: compemor off ngall lemurs
introduced Lemur Speczes L L ‘
On .lanuary 25t 1978, M. Jean da lnleaulme mtroduced erght _;uvemle red fronted Brown

lemurs (Eulcmur fulvus rqfus) to Beren'v Their provenance was Analabe Reserve, a decrduoub

‘ialso Jolly tal 1982) ln addmon up 109 collared lemurs (Eulemur coIIarrs), probably




originating in the Anhohahela region east of Berenty, have been introduced periodically since the

- 1960’s (O’Connor 1987, M. Jean de Heaulme personal communication Alison Jolly personal
comment). An increasing number of aj parent hybrids between E. collaris and E. fulvus rufus
were observed from the late 1980’s. Molecular genetic analysis showed that a third of 88
animals sampled were hybrids, and suggested that the actual proportion was even higher

~ (Jekielek 2002)." Because of the presumed hybrid nature of the Berenty Brown lemur population,
I will use the term “Brown lernur” to mean any of Eulemur fulvus rufus, E. collaris, ot E. f. rufus
XE. collaris. :

Forest Condition k

Hunting, logging and grazing by livestock have been effectlvely prevented withln Malaza
smce 1936, though some hunting may have occurred between 1978 and 1979 (Jolly etal 2002)
The forest’s structure, and plant species drversrty and composition, is typical of gallery forests in
the area. Few non-native species are present in the forest interior, with the notable exception of

' Czssus quadrangularis, aninvasive creeper. Over the last 20 years, Berenty has become one of.

 the most visited tourist destinations in Madagascar. Most disturbances in Malaza are the dlrect
or indirect result of tourism. Wide trails, and water troughs, filled sporadically during the dry

 season, are present throughout the forest. The distances between Mataza’s & water troughs range
from approximately ISOm in Gallery Forest to 500-1000m in Scrub Forest. 'Food provisioning . -
with bananas has occurred in the tourist area outside Malaza since 1985 but does not affect -

, troops msxde the forest (Jolly pers. comi.; personal observatlon)

k Climate aml the Lemur Life Cycle ‘ , : :

Berenty has a low, but hlghly vanable annual rainfall (545 il92 mm/yr) and a 17-8 month i

‘ dry season begmmng in March (O’Connor 1987). ngtall and Brown lemurs have seasonai and

-~ highly synchronous reproductron At Berenty, late gestatnon , birth, and most mortality of »
juvenile Ringtail and Brown lemurs, occur durmg the late dry’ season d uly to October) when

' drinking water, young leaves, fruit and ﬂowers are scarce. 'Most births occur within a one—month

. penod between late August and mid October The txmrng of the birth peak varies shghtly wrth

specres and year (ngtarl lemurs Koyama el al. 2001; Jolly et al 2002) Infants are weaned

e : dunng the wet season (November to February) when resources are more abundant

prersal

1 have assumed that drspersal plays a neghglble role in explammg populatlon growth rate i

: ’ or the ratlo of _]uvemles 10 adult females At Betenty, ngtarl lemur troops and thelr offshoots "=

o : tend to occupy the same home range over long perlods (.lolly and Pnde 1999) Wlule fewer ; : -




years of data are available for Brown lemur troops, they seem to show similar home range

stability. In both species, females are philopatric, and adult males transfer regularly among
troops (Wimmer and Kappeler 2002; Sauther et al. ‘l999). Thus, while there is considerable

turnover of males among troops, dispersal leads to little overall change in the number of males or

troops within a region. Since most females remain in their natal troops, dispersal is also unlikely

to explain differences in the ratio of juveniles to adult females. -Because Malaza is contiguous
with other occupied lemur habitat, the occasional troop may move into or out of Malaza.  This
source of error is small (< 5%); only approximately 10 animals per year appear or disappear.
Habitat Types ' | ’
Malaza’s vegetation grades from closed canopy forest near the river to subdesert as soil
moisture decreases. Previous researchers have divided this vegetation gradient into two (eg.
Jolly et al. 2002) to eight (Howarth ef al. 1986) habitat regions. 1 distinguished Scrub and '
‘Gallery habitats. 1 used a qualitative survey of plant associations, a quantitative suryey of
canopy cover, and 24 50 x 2m vegetation transects (transect method after Sussman and
Rakotozafy 1994) to delineate these habitat type boundaries on a 25m? grid map.  This habitat
‘classi‘ﬁcation system is consistent with other demographicstudies of Ringtail lemurs at Berenty
, (é.g. 'J olly and Pride 1999; J olly et al. 2002), which classify forest-dwellingRingtail lernur o
troops’ home ranges as either Scrub or Gallery. Delineating habitat bounidaries rather than -
individual home ranges allowed me to account for the difl’ering‘spatial arrangement of ‘Brow‘n ;

and ngtarl lemurs’ home ranges.

Gallery Forest stretches from the rrverbank to 200m -300m mland It has a closed canopy -

; approx1mately20m in helght and dominated by Tamarmdus mdzca Acac:a rovumae, Celtis

ph:ltpenszs, and Neotma isoneura, and an understory of Rmorca greveana, saplmg,s of canopy "

: specres, and llanas As dxstance from the river increases, the distance between canopy-level trees -

. mcreases By 200 300m from the riverbank, Gallery Foresl gives way to more ‘open Transitional

Scrub F orest Here the canopy is more open (< 50% cover) and is approxrmately 15m in herght

= w1th srmrlar specres composmon to Gallery lorest 'Ihe understory contams a mlxture of gallery -

» forest spectes and tangles of xerophytlc thomy vmes and bushes By 400 600m from the river,
- Svrub Forest has llttle ca.nopy (<2% cover) and few trees over 15min herght It contams small

' patches of the same canopy species as in the Gallery Forest, and large lhlckets of thomny or ]

‘ succulent xerophytes, dommated by Azima Ielracantha, Caparm spp., and Euphorbza spp Scrub" 5 G j
: Forest grades lnto subdesert by 800- 1100m trom the river within the reserve, or mto agncultural b

_"ﬁeldsoutsrdethereserve A R RO PR R




These forest types form a roughly linear gradient of decreasing availability of preferred

food species, water, and access to tree cover; there is a corresponding decrease in lemur
) populatron density and an increase in home range size for Ringtail (Budmtz and Dalms 1975
Jolly and Pride 1999) and Brown lemurs. Jolly e al. (2002) define a further habntat type at the
forest edge, “Tourist”, an area of cleared forest with burldmgs including accommodation, a
restaurant and a museum. ‘This area, developed since 1985, has intensive food provisloning, k
‘permanent standing water during the dry season, and many introduced tree species that are |
heavrly utilized for food by some Ringtail troops in the dry season (Rasamrmanana and
Rafidinarivo 1993) Ringtail lemurs live at high density.in Tourist habitat. These troops range
and forage primarily in Tourist habitat but sleep in Gallery, and feed there briefly each day (Jolly
el ai. 2002) There are no resident Brown lemurs in Tourist habitat, though troops occasxonally
forage lhere I have not included Tourist area troops in my demographic analyses.. .
Commmry of Research
The demography and ecology of Ringtail lemurs in Malaza have been studied repealedly
since the 1960's (eg Jolly 1966; Jolly 1972; Budnitz and Dainis 1975; Sussman 1972; Budmt7 ‘
1978; Jolly ef al. 1982; Howarth ef al 1986 0’Conneor 1987, Jolly et al. 1993; Rasamlmanana
and Rafidinarivo 1993 Jolly and Pnde 1999 Mertl- Mlllhollen 2000; Mertl-Mlllhollen et al.
2003 Simmen et al 2003 revrewed in: Mertl-Millhollen ef al. 1979 Koyama ef al 2001 Jollv :

g et aI 2002) Researchers have developed and passed on intimate famrhanty with the identities

e and home range locatrons of all ngtall lemur troops ‘The demography and ecology of Brown :

,’ ‘ lemurs m Malaza have also been studied, but less 1ntenswely, since thelr introduction (Jolly et
a[ l982 O Connor 1987 Davxdson 1991 unpubhshed Jeklelek 2002 Simmen et al. 2()03)

Dtet Overlap and Actzvzty Patterns
Samplmg Desrgn :

" To compare ngtall and Brown lemur dret actrvrty pattems and mlcro-habltat use I

observed 7 troop-palrs, each composed of one troop of Brown lemurs and one troop of ngtmls i

iof srmllar size (vntlun 2 adult animals) and with nearly or completely overlappmg home ranges, f';, ‘

‘and therefore access to, srmllar resources Four troop-palrs m Gallery Forest and 3 palrs in Scrub Lt

i Forest were each sampled for ¢ one l2-hour “follow” per troop ngtalls have s1mylar foragmg

Tand rangmg paltems on drfferem days thh changes reﬂectmg food plant phenology rather than et

i:“errauc rangmg (Ahson Jolly, pers comm ) Iassume that one ] 1 12 hour sample reﬂects a gwen -

troop s foragmg and rangmg pattems at a gwen stage of food plant phenology To control for fi “




changing resource availability, paired troops were followed within two days of each other (range:

1-4 days). Most follows lasted from 0600-1800h; a few began later when particular troops were
hard to find, but always before 0715h. Data were collected between 9/05 and 9/20, 2000.
Personnel ' U
Follows were done by teams of 5-8 observers (minimum 2 observers for every 3 lemurs). -
All observers had previously observed lemur behaviour usihg similar data collection methods.
At least one of two observers, Alison Jolly and myself, supervised all data colfection in order to
. assure standard interpretation of data categories. R. Ratsirarson from Tsimbazaza Botanical
Museum in Antananarivo identified all plant species. ' '
Data Collection :
“ During follows, -minute scan samples (Martm and Bateson 1993) were used to record
activity patterns and resource use. The total duration of data collection for one scan varied from
30-90 seconds. At each scan, we recorded the major .act1v1ty of the troop (feed, travel between
_patches, move wrthm a patch, rest, sun, mterspecrﬁc encounter) and the location of the majonty
of the troop "Major" was deﬁned as the greatest number of animals domg the same acttvrty or-
‘m the same location. For each patch being fed in by a troop member we recorded specres and "

‘size of the patch, plant part bemg fed on (young leaf, mature leaf old leaf unripe fruit, ripe frurt :

* - flower, insect, drink, other), majority height of troop members m the patch number of ammals

§ vrsrble number feedmg, and total number known to be in the patch
De_f' mtron of “Patch & ‘ ,
“In thrs study, I use the word "patch" to refer toa dlscrete rood source fed in by a lemur A o
: patch could be a tree, a bush, a swarm of caterprllars on a dead log, a clump of herbs on the 7
. ground etc. A patch is equrvalent to one plant of a glven spec"es 1f it is a tree or bush, the
, drameter of the patch is then rts canopy drameter, esttmated by eye. For patches in ground

‘vegetatron, a patch isa group of plants dead leaves, insects, ete. in whrch a lemur can feed

contmuously For these patches and for patches of lranas, patch drameter is the greatest wrdth of e ’

B the patch from edoe 0 edge, estrmated by eye
Da!a Amz(ysrs ‘ L o : .
For each follow, [ summed the number of scatis in Wthh each actlvrty was recorded and

o expressed them as a proportron of the total number of scans recorded that day To analyse the

. feedmg data l summed the number of ammals recorded on each scan feedmg on a partrcular B

i resource type, resource part or helght and expressed itasa propomon of the total number of :

e ammals recorded feedmg on any patch that day Most resource types were trees, shrubs, hanas \'



or forbs identified to species level. Two resource types represent more than one food species:

“Litter” refers to dry plant matter found in the leaf litter, and “Insect” refers to any inveriebrate

eaten before it could be identified to species. Four other resource types were: “Phromnia” =
glucose-rich secretions of the insect Phromnia rosea, “Egg” = bird eggs, “Acacia Worm” =
: swarms of the larvae of a recognised (though unidentified) butterfly species, “Dirt” = soil :
: without visible plant or animal material in it. “Animal Minute” refers to one animal feeding in .
: ‘ . -one patch during one scan. Feeding data are presented as proportions of total Animal Minutes
S ‘ spent feeding, | - ‘
' B : " I calculated Horn’s Index of Overlap (Krebs 1999) to estimate diet overlap between all
3 i 57 pair-wise combmatrons of lemur troops. I compared estimates of overlap between members of -
the same troop-parr with the mean of the estimated overlap between each member of the troop :
4 L R pair and all other troops in that habitat type. Diet breadth or degree of diet specrahzatxon can be o8
Lo thought of as the number of resource types making up some mlmmum proportron of the diet

‘ (Krebs 1999) 1 characterrsed diet breadth as the number of resource types making up at least 4%

of total diet for one lemur specres in one habitat. To estimate dret breadth, for each habrtat type :

_ bl summed the number of Animal Minutes each lemur specres spcnt feedmg ona grven resousce ‘

type, and expressed it as a proportion of the total number of Animal Minutes that specres spent
feedmg ‘

Censuses of Brown and ngtazl Lemurs

. Comparabrlrty of Censuses , - ‘ e
e : = = " Complete censuses of ngtarl lemurs in Malaza were pertormed in 1972-3 by Budmtz o
S andDainis (1975), in 1975 by Mertl-Millhollen et al. (1979), in 1983-5 by O’Connor (1987), and

- " in 1989’?000 b)’ Jolly et al (2002). In all these censuses, observers walked along trarls, and

transects between trails, until they had accounted for ail known ngtarl troops and 1dent1ﬁed any

runknown troops (Jolly et, aI 2002) ngtarl lemurs mamtam nearly 1dentrca1 home range
, boundarres over decades, and females are mdwrdnally reeogmzable and do not mrgrate, 0 ’
3 known troops, are easy to ﬁnd and identify (Jolly et. al. 2002) New troops tend t0 be offshoots
i of known troops and usually range w11hm or unmedrately adjacent to the source troop 5 home ,‘ o
. brange (Jolly and Pnde 1999) MalaLa s small srze, the predrctable drstnbutron of ngtarl lemur &

‘home ranges, Jolly s decades of famrllarrty wrth the populatron and the repeated censuses, o i

: 'allowed almost complete censuses




| The first complete censuses of Brown lemurs at Berenty took place in 1985 (O'Connor
1987) and 1991 (Davidson, unpublished data). 1 assume that the Brown lemur censuses done ‘
prior to 1993 are fairly accurate, as numbers of individuals then were fairly small. Between 1993
and 2000, I conducted 5 complete population censuses of Brown lemurs in Malaza. My method’ - :
was adapted from ‘that used to census Ringtails. However, because ranges of Brown lemur - -
troops cverlap more than Ringtail lemur troops, and are less predictable, I added several steps to “
- the census method used for Ringtail lemurs in order to .avold missing or double-counting troops
. (see helow). The following describes the Brown lemur census method only; For a complete
description of the method used to census Ringtail lemurs, see Jolly et al. 2002.
| Trmmg and Personnel 5 ‘
Brown Lemurs were censused mainly during the late dry season, when troops are most o
: conservatwe in their range use, migration among troops is infrequent, and juveniles are small
‘ enough to be clearly drstmgurshed from 2 year olds and adults Moderate daytrme temperatures, .
low mghttrme temperaturcs, and low rainfall make animals more actrve during the day and
therefore easier to see and hear than dunng the wet season. The censuses in 1993-2000 were
* conducted by myself, assrsted by John Walker in all years, Sabine Day, Stuart Hall, Jan
Jekrelek Voudjanahary Ranaivosoa, Margaret Solberg, George erlrams and Theresa
: erlramson assisted for one year each.
Accuracy of Census Data
Condmons in Malaza allow accurate and complete Brown lemur censuses The forest s
low herght and open mrd-story make it easy to see mlo tree canopres where Brown lemurs spendw
3 vvthe majority of thelr trme The trail system mal\es all areas of the forest easrly accessrble
C Dunng the dry season, even troops mhabrtmg regions of the reserve wrthout trails use - the tralls | ‘
,‘ every 1-3 days to visit water trouz,hs ‘The Brown lemur populatlon is well habrtuated and can be‘ ;
g npproached closely enough for an observer to drstrngursh facial charactenstrcs and to dye-mark
individuals (see below) ‘without capturmg them ‘ : S
: 1 tested the completeness of my censuses in the followmg way. Aﬁer ﬁmshrng the 1996 !
! 1998 and 2000 censuses I waited for at least two weeks and then spent 2-3 further weeks (120-‘ v : B
:200 observer hours) recountlng known troops and searchmg, for unknown troops. 1 1dentlf ed .

only’ one unknown troop of seven ammals in 1998. Durxng the re- census perlod thls troop

3 ranged pnmanly outsrde my census regxon but occasronally ventured a short dlstance mto :

i Malaza to visita water trough



Census Procedure

To locate Brown lemur troops, observers used binoculars to scan trée branches and
canopies. They also listened for Brown lemur vocalisations, which vary from soft pig-like
grunting contact calls to unmistakable and loud retching long calls made by several animals at
once. 1 divided the census region into approximately 4 ha sections, each small enougl'l that an
observer walking through the area could scan with binoculars into and under every tree, and walk
~ #long evety trail transecting it within one hour. Secuons were smaller (2-3ha) in areas with -
 dénser vegetation. In each census, we searched every section with similar minimum mtensrty,

during the mommg and afternoon peaks of lemur aciivity and the mldday rest period. We |
searched each section until we had reached at least the minimum search mtensrty, and four
consecutlve searches had yielded no new troops.
ln addmon to the walking censuses, observers visited every water trough at least every 2
days and spent at least 3 actlvnty penods on different days watchmg each trough in the dry and
transmon regions. 1 considered the census complete when no new troops had been found in at
t least a week of daily all-day searches. A complete census took 400 - 600 person-hours.
5 Data Recorded R :
When an observer encountered a troop they 1dent1f ed it, recorded its locatron ona25m’>’
grid map, and noted the age and sex composmon of all v1srble troop members. The first time a ,
- troop was srghted we also described at least one third of troop members usmg a standard system B
of tenns and facial sketches, and noting dxstmctlve charactenstxcs such as mlssmg7 ltmbs or talls, :
“unusual pelage charactenstlcs, or eye colour, notched ears or facial scars. Sex was identified by - '
." pelage colourationj non-infant male Brown lemurs are gray with Orange caps while females are
B brown with black caps Age classes were distinguished by the srze of the animal’s gemtalra, and
- ‘corroborated by its body swe and the presence or absence of Juvemle faclal features All non- )
: mfant ammals fell into one of two age classes, Juvemle (ll to 15 months old) or adult (23 ‘
months or older). - :

lnstances when troops crossed open areas were used 10 check that all ammals were

Lo accounted for l consndered a troop count to be complete if the same age and sex composntlon

: were recorded dunng at least 4 consecutlve mdependent srghrmgs In each census, I venﬁed all " 1, :"

S troop composmons recorded by another observer, and venﬁed troop locatlon and 1denuty for
i about 85% of all sxghtmgs of known troops. An assxstant venﬁed all troop COmpOSlthl‘lS that l

'ecorded




Dye-Marking

To ensure that no troop was counted twice, we used “Bigen” black hair dye (supplier:
‘Nishimoto Trading Co.) to place unique markings on the pelage of several indivlduals in every‘
troop.. Only juveniles, adult males and non-lactating females were marked. The dye remained
visible for 10-16 weeks, several weeks longer than the duration of a census. To apply the dye,

‘we  used banana or mango to bait members of a troop to within 1m and then squirted dye onto

S their bodres with a Scc syringe. Most animals did not react noticeably to being marked Some

; ﬁ mdrvrdua_ls, particularly Juvemles, appeared startied by the sensation of the dye; but they
 returned to normal behaviour within about one mmute The baiting disrupted the troop's

behaviour for 30-60 minutes while they searched for leftover fruit.

Analysis of Census Date
Ramfall
Monthly rainfall data for the years 1983 1986 and 1987-2000 were collected by M.
k("harles Rakotmalala and provided to A. Jolly Hrgh ramfall ln July: 2000 was the result of cloud
: seedmg to assist drought-stressed food crops. To examine the effect of ramfall on lemur survrval
and recrurtment 1 consrdered the sum of rainfall over two seasons “Wet” from October of year -

N until March of year N+, correspondmg to lactation and weanmg of Brown and Ringtail .

- lemurs; and “Dry”, from Apnl until September of year N+1, correspondmg to matmg and”

) 5 N+1 To examme lagged effects of drought 1 classrﬁed the two lemur years followmg a drought

. gestation. To get total rainfall per "lemur year"N, corresponding to the first year of life of the
* juvenile cohort censused in Cctober of year N+l 1 summed ramfall from one Wet season to the
end of the next consecutlve Dry season (October year N until September year (N+l)(Jolly etal”
2002). | s ‘ |
l desrgnated each lemur year and Wet or Dry season of ralnfall as “drought” or “regular

:l deﬁned drought ramfall as less than 60% of the yearly or seasonal mean for 1983-2000 and

e vregular rainfall as 60% or more of the mean. ‘In analyzmg the effect of ramfall on ]emur

vdemography, I used ramfall from lemur year N, and census data from October of lemur year L .

e year @ e census data from October of lemur year - N+2 and N+3) as “post-drought and grouped

i ""them for analysrs In one case, 1992 a post-drought year had drought rarnfall and \ was analysed

R asa drought year Because demographxc data were avallable for only one year in wlnch there
e was a Dry season dmught w1thout a Wet season drought, I could not dlstmgursh the effect of o

. drought in a pamcular season In my analysrs, I consxdered only Wet season drought because =




' f‘-,,thrs assumptron, I compared estrmates of home range locatlons of four troops based on

most growth and opportunity for building up energy reserves occuis during this season (Jollyer. -

“al. 2002). To test the hypothesis that lemur demography was affected by the degree of year-to-
year variation in rainfall rather than the absolute amount, 1 repeated the analysis using “change in -
rainfall”, the difference between wet season rainfall in the year preceding the census and in the
previous year. R ‘ : '

Habitat CIassiﬁcation & Troop Rangés
* To examine the relationship between habitat type and lemur demography, 1 assigned each

‘ troop of Brown or Ringtail lemurs to a habitat type. The habitat categories I used reflect dry =

season home ranges. Dry season home ranges are likely similar to wet Season home range for

Ringtails (Jolly and Pride 1999). Brown lemurs, however, vary their range use considerably

among seasons (Overdorff 1991;J. Davrdson pers. comm.). Thave assumed that esch troop s

: demography was prrmanly affected by. the habrtat type in which categonsed it.

- Iclassified all Brown and Ringtail lemur troops as either Scrub or Gallery or, for ngtall R

lemurs only, Tourist, based on the location of their home ranges. I classified the habitats of
| Brown and angtarl lemur troops using shghtly dlfferent methods because of differznces in the »
- range data available for each species. -To classify ng,tall femur troops I followed Jolly ] habrtat :
elassxf catrons (Jolly and Pr1de 1999; Jolly et al. 2002), which she based on the locauon ofa ‘,
troop s home range and primary feeding and restlng sites du.r:.ng opportumstlc srghtmgs and 12- L
‘ ‘hour follows. , LT
nl estrmated the locatxon of Brown lemur home ranges (N—-92) as the smallest area o
2 mclLdmg all gnd squares in whrch the troop was srghted durmg the census. These data
, ‘represented an average of 16 individual srghtrngs per troop (range 9-46) mcludmg an average of
3 srghtmgs durmg whrch each troop was followed throughout an entrre actrvrty penod (range 1- :
5. Six troops were followed once only 1 excluded them from analyses of habltat-specrﬁc |
- ‘:,survwal and recrurtment but mcluded them in analyses of populatlon srze and density. 1
- assrgned Brown lemur troops to the habrtat type they occupied in at least 75% of snghtmgs If a
‘ troop was not srghted ina smgle habltat type 75% of the time (n=8 troop ranges out of 92
e analysed), I assrgned rt to the habrtat type in which it fed and rested

e assumed that opportumstrc srghtmos and short follows of Brown lemurs gave a L SR

o : 'sufﬁcrently accurate eshmate of home range locatlon to assrgn the troop toa habrtat type To test o

: in whrch troop locatron was recorded every 10 mmutes For an addmonal seven troops of Brown S1

i opportumstrc srghtmgs wrth estrmates for the same troops based on elg,ht weeldy 12-hour follows S



lemurs, 1 compared estimates of home range location based on one 12-hour follow in which
" troop location was recorded every 5 minutes (Jolly and Pinkus unpublished data). ‘Inall cases,
’ home range locations estimate by both methods fell within the same habitat.

An average o ftwo troops of Ringtail lemurs (range 1-3) and three troops of Brown
lemurs (range 1-6) per year ranged in Transitional Scrub habitat and were grouped with Scrub
troops for analysis. I assumed that the demography of these troops was similar to the Scrub o
troops with which they were grouped. To check this assumption I exploredtrcnds m populatiort - |
growth rate and juvenile recruitment for Transitional Scrub troops. For some non-drought years
there is a visual trend towards higher juvenile survival in Transitional Scrub than Scrub troops of
both ngtarl and Brown lemurs. There is no clear trend for population growth rate, or for
juvenile sury ival during drought years. Excluding Transitional ScrublTOOPS from the dﬂﬂlySlS,

or analyzmg them as a third category, neither changed the direction of populatron trends nor

produced a significant difference in estimates of population growth rate or _]uvemle survrval (t-

| test, 2. tailed, p> 0.10 for all tests).

Juvemle Recrmtment
’ In 1995, 1998 and 2000 1 was unable to count the numbers of bmhs in Brown lemurs,
i therefore used the ratic of adult females to juveniles within a troop as an mdex for recruitment of .
‘ one—year-olds Thls ratio is affected by several demographic parameters besides Juvemle
survival: fecundrty, survival of adult females, and rate of drspersal by adult and juvemle females "
- The ratio’s utlhty asa relauvc measure of juvenile recrurtment depends on these parameters ,
varymg srmrlarly among all troops wnhm a habnat type I assumed that thrs assumpnon was met“
. - by the troops 1 studled There are insufficient demographrc datato evaluate thrs assumptlon
ngorously, but i rt is consrstent wrth the few data th'zt are avarlable ‘
~ Finite Rate of Increase ' ‘ i ‘ Gl e
1 calculated the ﬁmte rate of i mcrease (Srbley et al 2003) of L catta m cach habltat as X-"
) Nm lNl y where N is the number of ammals at least 2 years old counted in an October census, and =

t 1s the lemur-year of the census Censuses for £, fulvus were not done in consecutrve years, so I ’

could not dxrectly calculate AforE. Sulvus. I chose not to esfrmate 2 of E ﬁrlvus by mterpo]atron e

s because Ais sensmve to small changes in populatlon size. However, 1 drd use mterpolatron for i
esumates of E fulvus densny (sec below), since densrty is less sensmve than A to changes in
populatlon srze. ;-

Populatwn Dens:ty




» however, l cormnent on trends where sample s1zes were low and alpha was > 0 05 I used
o parametrrc statlstlcal fests when p0551ble ‘Where my data dld not meet the assumptrons of

7‘ f‘paramemc tests 1 used the non-parametnc equlvalent I used Pearson s product-moment

Using the 25m? grid map of habitat types, I calculated the area of Gallery habitat in
Malaza as 0.18km?, and the sum of Scrub and Transition habitat as 0.80km?. 1 therefore

estimated population density as the number of animals ranging in that habitat type, divided by

the area of the habitat type. 1 extrapolated Brown lemur population size for years in which they

were not censused using a simple linear regression of Brown lemur population size over time,
from 1975-2000. , | |
Ringtail Census Data ’ ,
I have analysed data from 94 Ringtail lemur troop counts in Gallery and 86 in’
Scrub/Transition Each troop count represents the annual census record for one troop in one

year. Jolly et al. (2002) describe Ringtail lemur census data, and the rclatmnshlp of numbers of

animals to habitat type and rainfall. [ have re-analysed many of these data, but with a different -

emphasrs. I made the following five assumptionsand decisions about ngtall lemur census
data.’ First, many of the same troops were recounted in consecutive years but, because troop

1dent1t1es were often uncertain, | have treated annual censuses as mdependent Second, for years

“in which the sex of 2-year-old adults was not censused, 1 assumed a 50% sex ratio. Third, I
- excluded from my analysrs all years or habitat types in which not all Ringtail troops were
 censused, wrth the following exception. Fourth, I included data from Scrub habitat in 1991

1992 and 1993 wlnch may be undercounts (Jolly pers. comm.) but whlch mdlcate a large

‘ “increase in populatron size and are useful minimum estimates to show the trend in populatlon .

growth Frfth I excluded from my analysis any biologically unrealistic i increases in numbers of -

‘ partrcular age classes, on the assumption that these represent countmg errors. For example,

excluded data for a troop with two infants in 1991 and ﬁve l-year.olds in 1992 Intotal, I .

- excluded one year of data for each of five troops under thls rule ‘For years in whrch troops were

\ ‘counted m August but not found agam in October, 1 used the August count

Bro wn ‘Lemur Census Data

1 analysed data from 54 Brown lemur troop-counts in Gallery, and 37 in

: Scrub/T ransmon I excluded data from counts of ﬁve troops censused in Malaza but that ranged“,

: “‘prlmanly in adjacent forest.

Stattstrcal A naIysrs

In most cases, I used a f:gmﬂcance level of 5% and two—tarled tests In some cases, “ e




correlation to analyse the correlation between population size in different species and habitats,

and linear régression to analyse the effect of rainfall-amount and troop size on A and mean

juvenile recruitment. One-way Analysis of Variance (ANOVA) was used to analyse differences

-in annual means of A and juvenile recruitment among drought, regular and post-drought years. 1

employed 2-sample t-tests to comparé samples of population sizes and measures of juveyn'ile
recruitment among time intervals and habitats. Data were described using 95% confidence

intérvals (C.L), and coefficients of vafiaﬁon (C.V.), where C.V. = Standard Devia'tion‘/Mean. :
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three levels food species eaten, part of the food specres eaten, and use of keystone resources. vI

= compared the proportron that each diet component made up of a troop s total feedmg trme. For

Results

1 characterized the effect of the introduced Brown lemur population on the native Ringtail
lemur population in two ways. First, T examined interspecific overlap in resource use (Section '
A)and second, I’considered the effect of growing numbers of Brown lemurs on the population t '
dynamics (Section B) of Ringtail lemurs. T considered separately density-dependent effects
(Section C) and the possibility of a density-independent numerical response to annual variation '

in rainfail (Section D).

A. Interspecific Overlap in Resource Use

Were the C'ond:trons for Interspecific Resource Competmon Present?

The growrnﬂ population of Brown lemurs is expected to have a 51gnrf1cant demographlc

: 1mpact on the ngtarls if the two populations share the same limiting resources, and are able to

deplete them Although Ringtails and Brown lemurs in natural sympatry hive low overlap in.

dret and habrtat use (c . Sussman 1972), the situation at Berenty was very drt’ferent Prlot

| st‘udres at Berenty (Davrdson unpubhshed data; Jolly et al. unpublrshed data) suggested a hrgh g

" degree of ‘overlap in diet during September and October, a time of seasonal resource scarcrty

durmg which reproducing females face their hrghest energy demands (Jolly et al. 2002; Sauther

1993) Anecdotal observatrons (personal observatron, Naoki Koyama pers. comam.) of -

- interspecific aggressron in food patches durmg these months confirm potentral contest

competmon for the keystone food tree specres (sensu Sauther 1993) Tamarmdus indica. 1 also
found that feeding lemurs deplete the avarlabrhty of fruit and new leaves on T indica (see =

Drscussron) Based on these mdrcatrons of rnterspecrf' ¢ resource competrtron, and because of the

-~ contrast with the ecology of naturally sympatric Brown lemurs and ngwrls, I analysed

mterspecrﬁc dret overlap, the use of keystone resources, and the use of vertlcal and horlzontal

Drels
l analysed the degree of mterspecrﬁc dret overlap between Brown lemurs and angtarls at

several reasons, these data should be consrdered mmrmum estrmates of diet overlap Srmulatrons

have shown that Hom s Index underestrmates overlap, partrcularly when sample srzes are small



or uneven, as they are in these dict data (Krebs 1999). In addition, these diet data may

underestimate Brown leinurs’ dietary breadth because Brown lemurs feed both by day and by
night, and we only collected feeding data during the day. I found that Brown lemurs ate few
resource types not eaten by Ringtails (5 spp in Gallery, 4 spp in Scrub), and sampled fewer

species in total. It is possible that, had we sampled nighttime feeding, we would have recorded a -

- broader diet for Brown lemurs, resulting in higher estimates of inter-specific diet overlap. ‘

Nonetheless, the data presented below show substantial diet overlap. :

Overall Diet Breadth and Overlap ,
Despite Brown lemurs’ previous characterization as specialists, and ngtalls as
generalrsts (Sussman 1972), diet breadth at Berenty did not differ srg,mﬂcantly between the two
specres though Brown lemurs had a slightl; y narrower diet, particularly in Scrub (Figures 1A &

‘ lB) Diet breadth in Scrub was 4 spp for Ringtails and 2 spp for Brown lemurs. _The pattern "

reversed in Gallery. 3 spp for Ringtailsand 4 spp for Brown lemurs, Four plant spec1es .

accounted for 84% of the diet of Ringtails in Scrub, 87% for Rmr,talls in Gallery, 90% of the diet

of Brown lemurs in Scrub, arid 94% for Brown lemurs in Gallery. Both Ringtails and Brown

lemurs ate all of these species. Two of the three plant species fcd on most mtcnsrvely

: (Tamarrndus indica and Celns phrlrpensrs) were the same for both lemur speues in both habrtats -

= In both Scrub and Ga]lery habnzzts Ringtails ate more different food species (Gallery and -

' Scrub 27 spp) than Brown lemurs (Scrub lSspp, Gallery = ISSpp) However, ngtarls ate ‘

only small amounts of the specres not eaten by Brown lemurs. -In consequence, dlets were

- similar across the two specres No food plant specres eaten by only one lemur specres
o represented more than 2. 5% of the lemur specres diet.- As a result, diet breadth, which I

= ll‘calculated as the number of food types making up at feast 4% of the dret (Krebs 1999), is similar -

between ngtarls and Brown femars desplte the much larger number of resource types sampled

‘ "by ngtalls To put these dret breadth data m perspectrve, given the sample srzes in this study, S
~ half ofa troop recorded feedmg ona resource dunng one 5-mmute scan represents about 0 % -

& l% of that lemur specres diet for that habrtat type.

- Diet Overlap Across Th roop-parrs and Habrtats

There was hrgh dret overlap wrthrn each troop-parr The mean value of Hom s Index of

: ‘Overlap (Io) was, 0. 84 (95% C l 0.74-0.94, n—4 troop-pzurs) for troop palrs 1n Gallery, and 0. 79
i ‘,l(95% CIL0. 75 0 83 n—3 troop-parrs) m Scrub.. Troop-parr diet overlap was srmllar to overlap of
erther member of the pau wrth other troops of the opposrte specres (93% C l Gallery 0.73-0. 85
= "n—4 troop-palrs Scrub 0 80—0 88 n"3 troop—parrs) Wlthm each habrtat type, mtra-specrt‘ ic dret

"f1‘9




overlap was almost identical to fater-specific diet overlap, and was not significantly different

from overlap within troop-pairs (Figure 1C). Seven of eight troops in Gallery, and four of six_
troops in Scrub, had greater diet overlap with their pair-troop than with other troops of the same

species. Comparing across habitats, in‘ter-‘ and intra-specific diet overlap was slightly higher
within than between habitats (inter-specific Io between habitats: Brown lemurs 0.75; Ringtails
0.71; intra-specific Io between habitats: Brown lemurs 0.76; Ringtails‘0.72)_. ,

What stands out from these results is that dict overlap is greatest between different
species of lemur using the same %ome range. The diets of Brown and Ringtail lemurs are so
srmllar that, even within a habitat type different species mlng the same home ranges are more .
similar than troops of the same species using different home ranges. Specres-specrﬁc drfferences |
m diet appear to have a negligible effect in comparison to the effect of small-scale habitat

“variation. This variation among habitats may reflect differences in both spatral distribution and
abundance of food species, and temporal variation in plant phenology.
| Fe ecdmg Herghr ‘ |
Even with nearly complete diet overlap, competrtron could be reduced if Brown lemurs
“ and ngtarls fed at different heights. Naturally sympatric populanons of Brown lemurs and
Ringtails do forage at different average heights, with Ringtails spending more time near the
‘ ground and Brown lemurs using the hrghe t canopy levels (Ganzhom 1985; Sussman 1972), thus
depletmg drfferent ‘slices” of shared resources. In contrast, at Berenty there was almost:
' “complete overlap in the feedmg heights in both Scrub and Gallery (Frgures 2A and 2B) The
- amounts of trme spent feeding on the ground, close to the ground and in the upper canopy were

“all sxmrlar. “Though the Ringtails spent 4-6% of their time feedmg 2—5m above the ground a.

herght class barely utilized by Brown lemurs, this result stemmed from the behaviour of only two i

“out of seven ngtarl troops - ore in Gallery and onein Scrub The remammg five ngtarl
B troops used the 2 Sm layer srmrlarly 0 Brown lemurs. ‘

Use of a Keyrlone Resource : ,

Another potentlal mechamsm for reducmg competrtron, grven a hlgh degree of dret ,
overlap, is for the competrng consumer specrcs to feed on dlfferent mdrvrduals ofa glven plantr- o

¥ species, or on different parts of the same mdrvrdual Smce there was evrdence of direct T

mterspecnﬁc competmon for keystone resources, 1 compared Brown lemurs and ngtmls use- - ARy

!‘ of dlfferent p]ant parts (fnut, leaves, buds etc ) and patch srzes of T ma’rca. I present here data

i , for Scrub habrtat in which T mdxca comprlses a much larger portron of both specres dret the 5: :

5 pattem is srmrlar for Gallery




: only a part of thelr total feedmg time, We did not make quantrtanve observatrons at mght

‘ extensrve, few obvious mechanisms that might have reduced resource competmon were evrdent
This lugh degree of overlap at Berenty differs from the marked drfferences in the ecology of ' :
- these lemur specxes in natural sympatry (e.g. Sussman 1972) I predlcted therefore, that the

Although T ‘indica trees have very deep canopies with apparently abundant feeding sites

at all strata above 5m in height, there was little difference in the feeding heights chosen by .- k
Brown lemurs and Ringtails (Figure 2C).- There was also no significant difference in use of the
most frequently chosen patch diameters, 10-15m and 15-20m. There is a statistically
insignificant trend for Brown lemurs to use patches of 5-10m, and >20m in diameter to a greater
extent than Ringtails. '

| There was high overlap in plant parts utilised (Fi igure 2C), with no significant drfference
vexcept for leaf buds, which were only fed on by Ringtails. Since leaf buds are an extremely

ephemeral resource, opening into new leaves within two days, and Brown lemurs and angtarls

~ feed on new leaves to a similar extent, it is likely that this diet difference reflects the day that

troops were followed rather than inter-specific diet preferences. In choice of patch diameterand -

plant part, as with diet as a whole, intra-specific variation equalled or errceeded inter-specific

variation, Ripe and unripe 7. indica fruit are the most frequently eaten items. The relative

frequency with which Brown lemurs and Ringtails eat each part varies more wrthm than between

. species (Frgure 2D).

Diurnal Activity Budgets . ‘

Feedmg at different times of day could reduce contest competmon for resources, though
the slow rate at wluch plant parts regenerate makes it unlikely that thrs mechamsm would reduce
markedly scramble competmon (Ganzhom and Kappeler 1996). ln both Gallery and Scrub -
habrtat, Brown lemurs at Berenty spend a smaller proportlon of daylrght time feedmg than

- ngtarls (2—sample t-tests, n—-l4 troops, p <0. ()5) anda greater proportlon of time sleepmg or

" restmg (2-samp1e t-tests, n—14 troops, p<0. 05 Table 1). Brown lemurs at Berenty are

_frequently observed feedmg and moving after dark, so therr daylrght trme spent feedmg is lrkely

~In summary, overlap in resource use between Brown lemurs and ngtalls at Berenty was

presence of the mtroduced Brown lemurs at Berenry would have a negatrve demographlc xmpact

on the prevrously stable natrve populatlon of ngtarls

- B. Population Dynamzés s




To analyze the demographlc effect of the Brown lemurs on the Ringtails, 1 descnbed
‘ changes in the size and demographic rates of the two populatrons following the Brown lemur - ’
| introduction in 1974. Few demographic data are available prior to 1974, and Brown lemurs were
uncommon until 1990. I did not expect Brown lemurs to have much demographic lmpact on
Ringtails before 1990, and thus dlstmgurshed two tlme intervals, 1974 to 1989, and 1990 to
2000,
Water Provirloning ‘
Another important variable affectlng population dynamics at Berenty is water
- provisioning. Low-level water provisioning occurred in Gallery from before 1974 and was
-expanded in 1984 and again in 1991, - Water provrsromng in Scrub habltat began in 1991.
ngtarl Lemur Populatlon Change
The ngtarl population in Malaza remarned farrly skble between 1972 and 1985
ﬂuctuatmg around a mean of 62 animals 2 years old or older (95% C.IL= 57-67 ammals, n=6
yearS' Fi igure 3A) By 1991 when the entire populatlon was next censused it had mcreased to
107 animals (l-sample t-test companng mean populatron size from 1972-1989 wrth populatron
size in' 1991, 2-tailed, n‘6 years p.< < 0 001). Smce 1991 numbers have rcmamed Slmlla!‘ (95%
‘Cl 121- 139, n—-lO years; Flgure 3A). o ‘ _
The increase from the 1970’ and l980’s to the 1990 s reﬂects populatton growth in_ ;
' Gallery habitat. The number of adult ngtarls in Gallery averaged ca. 28 until 1985 (95% C I
25-31, =6 years). By 1990 it had mcreased by 40% t047. Between 1991 and 2000 the
S populatlon fluctuated around 66 (95% C.lL61-7 1, n“lO years; Frgure 3B), a mean double that i m o
| .the 70’s and 80’s 2-sample t-tcst n=16 years, p <0 001) Mean populatlon densrty of angtalls k=
‘ ‘ 1n Gallery habitat was l92 ammals/l(m2 between 1972 and 1985. Thrs ﬁgure is comparable to ‘
= Rmntarl density in un-provrsmned closed canopy forest habrtats (e g Sussman 1972). ngtarl
: densrty in Gallery more than doubled to 413 anrmals/km2 between 1990 and 2000. Populatlon

o : mcrease between 1985 and 1990, and between 1991 and 1997 follows expansrons of water

: provrsromng in Gallery in 1984 and 1991 B v ‘
‘ : § By contrast desplte the presence smce 1991 of water provrsronmg in Serub the number ,
> of ngtarls m Scrub did not change srgmf icantly between the 1970’s and the 1990’s (2-sample t- )

i test n—16 years, ? > 0. 05) ngtarl popu]atron densxty in Scrub remaiits srmllar to un-

iprovrsroned populatlons There was 10 sngmﬁcant change in populauon snze between 1991 and
12000 but there is evrdence of a trend of decrease between 1997 and 2000 (Frgure 3C) In both

: Scrub and Gallery, numbers are low in the second or thrrd year followmg drought, havmg




‘decreased in two consecutlve years (see below; Frgures 3B and 3C droughts occurred in 1970,
1984 1991-2 and 1997).

Brown Lemur Population Growth and Dtstnbutzon

Between 1975 and 2000 the brown lemur populatior: in Malaza increased steadlly from 9

to 180 animals 2 years old or older (Figure 3A) By 2000 there were 107 addrtronal ammals in -

riverine forest adjacent to Malaza. For my analysis I considered only the animals ranging if.
Malaza. Initially, the Brown lemurs in Malaza used only Gallery habitat (O’Connor pers
comm, ) Since 1995, the number of Brown lemurs in Gallery has averaged 76 animals (Frgure
3Bj, or 516 animals/km?, slrghtly greater than Ringtail population density. By 1990, 6 ammals
were usrng transitional Scrub forest adjacent to Gallery (J. Davidson, unpublished data).- By
1996, there were 39 animals using the Scrub forest. The number of Brown lemurs in Serub- -
habrtat increased to 100 in 2000, glvrng a density of 158 ammals/km2 more than double thatof
ngtalls T he i mcrease shows no sign of levelmg off (Figure 3C) '
: *“The increase in numbers of Brown lemurs in Scrub habitat between 1990- 1993 and
1998-2000 cannot be explamed by recrultment alone; immigration by animals born in Gallery
must have conmbuted lhere were 7 Gallery troops in 1990, and 10 from 1996 until 2000, much
less growth than erpected given Gallery Brown lemurs’ hrgh rate of juvenile recruitment. The
'number of Scrub troops mcreased much more rapidly during the same penod from 1 .in lf'90 to
Tin 1996 and 13 in 2000 There is no srgmﬁcant drfference between sex ratros of the Scrub and
vballery animals for any census year (parred t-test, n=6 years, p>0. 05), mdrcatrng that both B
males and females are movmg from Gallery to Scrub Smce female Brown lemurs tend to
remam in therr natal troop, itis lrkely that entire troops moved from Gallery habrtat to Scrub

Relattonsiups Between Brown and ngtacl Lemur Populattons

‘ Contrary to my predrctrons based on apparent resource competmon, the mcreasmg Brown S
5 lemur populatron has not caused a decline in the ngtall populatron in Malaza as awhole, orin " i » ‘
. Scrub or Gallery habltats. ln Scrub habltat the populatrons have changed mdependently
' (Pearson s Product Monment Correlatxon, n=6 years, r =- 0.57, p> 0.05). In Gallery, there is a W

e srgmﬁcant and strong posrtn correlatron (l’earson 3 Product Mument Correlatron, n-8 years = _,‘ P
"~l3+089p<001) R S Lt
‘ Fuute Rates af Increase of Ringtarls

The ﬁmtf‘ rate of rncrease, lambda (A.) descrlbes the proportronal change in the srze of the

“ adult populatron l‘rom one year to the next It rntegrates adult survrval and recrurtment of

uvenrles mto the populatron Lambda for ngtarls in Gallery between 1990 and 2000 averaged '
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fslrghtly above replacement (C.V.=0.15, 95% C.1. 0.94 1. 16 n=11 years' Frgure 4A) It wasat

X or close to replacement in less than half the years. In other years, A swung well above and well

below replacement (range 0.85 - 1.28). The value of A fluctuated with similar amplitude i in ‘
Scrub (C.V. = 0.17, 95% C.I. 0.87 — 1.09, n=9 years; Figure 4A). Mean } in Scrub was sllghlly, : ke
but not significantly, lower than in Gallery (2-sample t-test, n=11 years in Gallery and 9 years in"
Serub, p> 0 05).” Fluctuations in Scrub were not synchronous with ﬂuctuatlons in Gallery. In
the post-drought years 1992 and 1997, Scrub A values peaked as Gallery hit its lowest values

Few data are available prior to 1990, because many census intervals exceeded 1 year, but A

during that period apparently fluctuated within the same range as between 1990-2000 (C.V.‘ in iy

Gallery = 0.12, n=3 years; Scrub = 0.02, n=3 years)
Juvenile Recruitment ,
The index I have used for Juvemle recruitment (number of l year olds per adult female)

mcorporates both fecundrty and survival of infants from birth to 1 year old. Juvemle recruitment .

“per female (J/F) and A were not correlated in either habitat.

Mean juvenile recrurtment by Ringtails in Gallery between 1990 and 2000 was 0. 36 (95% o

C L 0. 3-0. 42 n=11 years). ] uvemle recrurtrnent fluctuated from year to'year, wrth a farrly

o narrow amplltude in Gallery (C.V.= 0 39, n*ll years‘ Frgure 4B) and greater amphtude in Scrub - | i
(C v.o0. 60 n—IO years hgure 4C) Mean Juvemle recrurtment in Scrub between 1990 and 2000, P

was 0.31 (95% C 1. O 19 0 43 n=10 years) not srgmf cantly lower than i in Gallery (2 sample t- :
test, unequal vanances, n=11 years in Gallery and 10 years m Scrub P> 0 05). Fluctuatrons in
Scrub were Synchronous wrth those m Gallery, but they were magnrf ed. Mean Juvemle :
reerurtment from 1972- 1985 was srmxlar to that in 1990-2000 for both Scrub and Gallery (2-

| sample t-test, n= l7 years in Gallery and 16 years in Scrub p >0. 05) The c.oefﬁcrents of

varratlon of |uvemle recrurtment were srmrlar for both specres. o

, Mean )uvemle recrurtmem m Brown lemurs between 1990 and 2000 was 0 57 in Gallery ‘ f“- :
k (95% C 1.0, 46 0.56, n=6 years) and 0. 45 in Serub (95% ClL 0, 36 0. 54 n—6 years) lt was v

not srgmﬁcantly drfferent in Scrub (Frgure 4C) from in Gallery (Frgure 4B 2—sample t-test n—-6 b

years, P > 0. 05) and vaned asynchronously bul with a srmrlar narrow amphtude (C V.3 =0. 18, for ; =

Gallery, 0. 23 for Scrub) Juvenrle recrurtment in Brown lemurs was srgmﬁcantly hlgher than in"

Rlngtarls (2~samplc t—test Gallery, Brown lemurn 6 angtarl n—ll p < 0 Ol Scrub Brown

. lemur n—6 ngtarl n—l() p < 0. 05) and vaned less among years Recrultment m the two specres




did not vary synchronously, but the limited number of years with data for both species makes

this comparison uncertain.

These results conspicuously fail to show a negative impact of the Brown lemur
population on the Ringtail population‘s size,mean rate of increase, or mean level of juvenile
recruitment. Since Brown lemurs were introduced, the Ringtail population has increased in slze,
although most of the increase took place when numbers of Brown lemurs were still sm‘all.‘
Although the combined population density of Ringtails and Brown lemurs increased by almost
400% in Scrub and 450% in Gallery between the 1970's and the 1990°s, mean A andjuvenile
recruitment rates of Ringtails were not significantly affected. This suggested the Ringtail .
population was not experiencing density-dependent effects. To examine densrty-dependent
s . effects more closely, I next examined the relationship between juvenile recruitment and mtrmsrc =
: rates of increase in ngtarls, and densrty at both the populatlon level and, for juverule

recruitment only, at the troop level. Because the relative importance of densrty-dependent and
(densrty-mdependent factors may change during periods of resource scarcity, I analysed post-
i drought years sepamtely ln post-drought years, food avarlabrhty at Berenty plummets (see ’

‘ dlscussron)

)

C Docs Denszty Aﬂ“ect Populatron Growtlr and Juvemle

Recruttment9
Densrty Depemience at the I’opulatmn Level L S :
There was no relatronshrp between ngtarl populatlon densrty and ngtarl 7L or Juvcmle .‘
vrecrurtmcnt in Gallery or Scrub habrtat In post-drought years nerther A nor Juvemle recrurtment |
~in ngtarls were affected by thc populatron densrty of Brown lemurs, or by the combmed ‘

' “”: populatron densrtres of both lemur species.. In Post—drought years, ngtall Juvemle recrultment

m both Gallery and Scrub declmed at all populatron densmes (see bclow, l‘rgures 104, lOB)

In regular and drought years, there was no cffect of Brown lemur densrty on Rlngtarl )» or

o Juvemle recrurtment in Gallery However, in Scrub there was a srgmﬁcant negatrve effect of

o Brown lemur densrty on ngtarl Juvemle recrurtment (Lmear Regressron, -0 77 F 1 5 = 16 36
5 p-— 009 Frgure 5A). Thrs result is emgmatrc since there lS 1o cvrdence of a deelmc in ngtall

i populatron demrty, nor of ngtarl A in Scrub habrtat Bccause Brown lemur densrty has only

. n been at hrgh levcls rn Scrub for 5 years, the effects of reduced recrultment on ngtatl populatron

‘densrty rn Scrub mrght not yet be evrdent R




 density when all years were analysed together (Figure 5B); in Gallery, there was a trend of ‘

. and post-droughtyears. :

‘troop was larger for Ringtails in Gailery than in Scrub (Gallery: mean 5, median 5, range 1- 10

, recrurtment in Ringtails in elther Gallery (Linear Regressron, R 0.02,F16=0.084,p= 0. 78) or

- :troop srze‘(Frgure 6; Linear Regressron, Rz =0.73,F1a=1 0.94, p= 0.03). However, small -
- sample sizes for the largest and smallest troop sizes here may mean that this result is not robust.

In Scrub Brown lemurs there was a trend for i mcreasmg juvenile recrultment at larger troop srzes
e parameter, I could not compare it among troop srzes.

. stable at a smaller populatton size throughout the 70°s and 80’s 1 found 110 evidence of densrty
bbg‘:dependent effects on angtarls in Gallery although Juvemle recrurtment by Brown lemurs in

‘Gallery habrtat may have dechned as combmed populatron densrty has increased. Only in Scrub e

o populatlon densrty Yet thrs relatlonshlp rs not correlated wrth a dechne m populatlon densrty I g
L therefore hypothesrze that the ngtarl popu]atron at Berenty is lrmtted in response to annual

o varrablhty m water and/or food 3

Juvenile recruitment in Brown lemurs in Scrub showed no relationship to population

declining juvenile recruitment at higher densities (Figure 5B). My data were insufﬁcientto look

for density‘dependent effects on A in Brown lemurs, or for differences among regular, drought
.- Density Dependence at the T roop‘LeveI
Since females of both species remain in their natal troop, I used the number of adult

females per troop as an index of troop size (Jolly et al. 2002). The mean number of females per

Scrub: mean 4, median 3, range 1-8), and smaller overall in Brown lemurs (Gallery and Scrub

mean 3, median 3, range 1-6). There was no relatronshrp between troop srze and juvemle
Scrub (Lmear Regressron, R*= 0 13, Fi5= 0 75, p=0. 43) in post-drought or regular/drought

years

‘In Brown lemurs in Gallery, juvenile recruitment decreased srgmﬁcantly with i rn(.reasrng ,

(Flgure 6; Lmear Regressron R2= 0 50,F14=3.98 p 0. 12) Because Aisa populatlon-level

The angtarl populatron has remamed relatlvely stable for the last 10 years, and was

‘ is there an apparent relatronshrp between any Rin gtarl populanon parameter and Brown lemur




food avarlabrlrty were not avarlable However, rainfall and plant productivity are generally

al. 1999 Janson and Chapman 1999), so I expected food to be more abundant durmg wetter wet

: seasons

“'Wet season rarnfall varied five-fold among years (Fi 1gure 7) Ramtall averaged 127mm (range
52 - 267mm, CV. 0 50, n—lS years) for the Dry season and 415mm (range l47 729mm,

V - 1991, l996) there was drought in both seasons, and in two years each there was drought in only
one season (Wet 1990 1991 Dry 1992 1995) Smce most rain fell dunng the Wet season, all
0 years with Wet season drought werc drought years overall Mean Wet season ramfall was :
’ “221mm (95% C.IL 177 - 265mm, n=s years) in drought years, and 501mm (95% ClL 397 —ig

i 605mm, n=10 years) in regular years, Wet season rainfall was heavy in about half these years

o ramfall” on 7» or Juvemle recrurtrnent m ngtarls There was also no srgnrﬁcant eﬁegt of

: ‘ amount of wet scason ramfall onh or juvemle recrurtment m Gallery ngtar]s Incorporatmg a . ‘
o one- two- or three-year trmc lag produced similar results In Scrub there was 1o srgmﬁcant
: f effect of wet season ramfall on A but Juvemle recrurtment decreased srgnrﬁcantly wrth
o mcreasmg ramfall (Lmear Regressron R*=0. 43 Fe= 7. 49 P < 0.05; Frgure 8) Thrs e

: 'paradoxrcal result rs lrkely an artlfact of decreased recrurtment m post-drought years as

-D. Does RainfaH Affect Population Growth and Juvenile
 Recruitment?

Data from the Beza Mahafaly Ringtail population, which does not receive water. -
proyisionlng, suggests that Ringtails‘ suffer mortality of adults andjuvenlles durlng and - k
immediately after droughts, l’ollowed by very rapid population growth (Gould ef al. 1999). Since
water provisioning at Berenty may buffer adult mortality during droughts, I predicted that any
effect of drought would show up in the years immediately following droughts. Thus, I analysed :
drought years and post-drought years separatelyr I explored the effect of the amount and ’

variabillty of annual rainfall on % and juvenile recruitment in Ringtails. Quantltatiye dataon’ -

strongly posrtwely correlated (van Schaik ef al 1993; Chapman and Balcomb 1998; Chapman et

Ramﬁrll Patierns
* Mean rainfail per lemur-year at Berenty was 545mm (range 265 - 810mm) Both Dry and

‘C V. 0. 43, n=15 years) for the Wet season. Dry and Wet season ramfall were uncorrelated

(Pcarson s Product Mornent Correlatron n=15 years, r = *0. 02 p >0, 05) In 3 years (1983

§ , Ejfects 0f Ramfall on Demograph y of ngtarls

Regressron analyses showed no effect of amount of dry season ramfall or “change m




compared to drought years (see below). ‘There was no apparent effect after aone-, two-, or three-

year time lag, ~ o :
Drought and Post-drought Effects on Demography & Ringtails and Brown Lemurs
I analysed drought and non- drought years in chronologlcal sequence. Lambda values i in
Scrub, and _]uvemle recrurtment in Scrub and Gallery, were affected not by amount ol' ramt‘all
but by the amount of time since the last drought (Figures 9, 10A, 10B). Again, there was no ‘
visible effect on Ain Gallery Ringtails; there was no significant difference among years with ‘
drought, regular, or 1- or 2-year post-drought wet season rainfall for Gallery (One-way ANOVA
Fig=1.05 ,p=042). In Scrub there was only a very weak trend for A to decrease in post-
drought years (One way ANOVA F37=10.588, p = 0.64; Figure 9).
Although survival of adult ngtalls was not affected by drought, Juvemlc recruttment
was reduced after droughts. In Gallery, juvenile recruitment in regular and drought years was ‘ .
nearly twice as high as in the second year post-drought, though the difference was not signiflcant
- (Figure | O‘A; One-way ANOVA, Fj jo=2.440, p = 0.13). This effect was magnitled in Scrub::‘in _
7 the first two years post-drought, less than 10% of females (95% C. I = =0.04 - 0. 13 n=5 years) in<
k , Scrub habltat reared an mfant that survived its first year, Juvemle recrurtment was almost three "
: tlmes greater in dr0ught and rcgular years than in the first year post drought and ﬁve ttmes S
’greater than i m the second year post- drought (l‘rgure 10B; One-way ANOVA Fsg= 8 665 p < - 58
0. 01) Dry season droughts showed a similar pattcrn Ilowever demographrc data were FOn
S _avarlablc for only one year in which there was a dry season drought wrthout a wet season L :
: drought $0 it was not possrble to drstmgulsh the eflects of the dtfterent seasons fully.
d While the post-drought effect on Juvemle recrurtment was profound i in ngtatls there _‘
’ was no such effect on Brown lemurs in Gallery ([‘ 1gure lOC) In faet there was a trend for R

recruttment of Brown lemurs to mcrease after droughts in Scrub (Fr gure IOC) though thrs may

B be an arufact of small sample size,

Although [ detected no effect of the amount of r"nnfall on Rlngtarls when 1 analysed all

‘v i years together an effect emerged when 1 analysed drought years separately ‘Drier droughts had

a greater 1mpact on ngtall demography Juvemle recrultment by Rlngtalls in Scrub and Gallery, LA

E and A of ngtalls |n Scrub decreased in the ﬁrst year post-drought wrth decreasmg raml‘all 1n
the drought year Thrs relatronshlp was SIgmﬁcant only for x in Scrub (Lmear Regressron, for
© juvenile recruitment in Serub, Fy1 = 65.62, R =0.98, = 0.08; for A in Scrub, Ty =382.1, R2 .
099, p= -0, 03; for _]uvenlle recruitment in Gallery, Fui= 1188, R2 092,p=0. 18) There was

no relatlonshr p m Scrub or Gallery between amount of drought year ralnfall and ngtarl Juvemle ,




recruitment or k in the drought year itself, or.in the second year post-drought.  There was also no
‘relatlonshrp in Gallery between drought year rainfall and A one year post-droug,ht Juvemle

" recruitment by Brown lemurs was not affecled by rainfall amount in drought years.

These results demonstrate that Ringtails and Brown lemurs at Berenty respond differently

to drought. Whrle Brown lemurs experience no apparent effect of drought, juvenile survrval m
Ringtails decrease dramatically following droughts, partrcularly in Scrub habitat. In contrast to
the high mortality seen during drought years in a Ringtail population without water provrsromng

*(Gould et al. 1999), the effcct of drought on Ringtails at Berenty is apparent only in post-drouz,ht

_years,

Summary

ln summary, these data sug g,est that Brown lemurs and Ringtails at Berenty share key
resources toa srgmﬁcant degree, but that competmon wnh Brown lemurs has not resulled ina
decline i in the ngtarl population. The populations share overlapping territories, dlets and N
fora;,mf, s habits. Intng,umgly, juvenile recruitment in nglall lemurs is srgmﬁcantly more. ‘

sensmve to drought than is Juvemle recrurtment in Brown lemurs.,




- Discussion

My study had two goals: to examine the factors affecting Ringtail and Brown lemur
population density at Berenty Reserve, and to determine whether the introduced Brown lemur |
population is havmg a negative impact on the size of the native population of Ringtail lemurs
there. These two populattons occupy an area that previously contained a single stable populatton
of ngtarls a quarter the size of the current combined population. - Though their current
combined density is similar to that of Ringtails and Brown lemurs in natural sympatry, therr ‘ |
ecology is not. In contrast with the diet and habitat partitioning seen in natural sympatry, | have '
shown here that Ringtails and Brown lemurs at Berenty overlap extensively in dret and habitat
use, even durmg periods of food scqrcrty (Frgures 1C, 2A, 2B, 2C). Based on this, I predrcted a

L negatrve demographrc impact of the i mcreasmg Brown lemur populatton on the ngtarl
populatlon at Berenty

I found evidence of recent density-dependent effects on both specres (Frgures SA SB 6)
but no obvrous negatrve effect of Brown lemurs on the size of the ngtarl populatron (Frgures

‘ BB 3C) Desprte the dramatic increase in the number of ammals utlhzmg the same lnmtmg
) ;resources. the number of ngtatls at Berenty has not declmed and the number of Brown femurs B
‘ contmues to mcrease (l‘rgure 3A) Given the deg,ree of mtcrspecrﬁc dlet and habrtat use overlap
. seen at Berenty, this outcome is completely unexpected ‘
To manage Berenty s 1mp0rtant ngtarl lemur populatton we ‘need to understand what -
mﬂuenced the last 15 years, of populatron chdnge at Berenty, and to predxct what wrll happen 1f
o Berenty s Brown lemur populatlon contmues to rncrease Three of my ﬁndmgs in pamcular are
| E ;i central to addressmg these questtons A) the hrgh degree of mterspecrﬁc diet overlap (thure
‘ lC), B) the densrty-mdependent crashes in ngtarl recrurtment that follow droughts (Frgures
: IOA lOB), and C) the lack of effect of Brown lemurs on ngtarl numbers (F];,ures 3B 30
: Sectrons A, B and C of the followmg dlscussron examme my three key results that affect the
s contmued coexrstence of these two populatrons In sectlon C I also explore the role of water : 1“

provrsronmg on lemur mteractrons at Berenty

A Interspeczf c Dret Overlap and Populatton Densuy j S .

: ‘ Interspecrf c Dwt Overlap




baby ngtarl lemurs (Jolly et al. 2000 Walker pers. comm Jolly and Pmkus unpubhshed data) o
‘ troops in this study acted much llke Ringtails.. They foraged at srmllar herghts, ranged in

~in other studres (Berenty Jolly et al. unpubllshed Srmmen et al. 2003 capt1v1ty Ganzhom

s 1986) However, there was far more varratron in diet and foragmg herghts among mdrvrdual

‘ populatlons (eg Gautrer—Hron 1980 Waser 1980 chhard and Dewar 1991; Vasey 2000) but

s Overdorff 1991; chhard and Dewar 1991 Tutm ot al 1997). When prrmates of srmrlar body E
s X size eal the same dlet drvergence in mlcrohabltat or feedmg herght tends to mcrease (e g
: Gautrer—Hlon 1980 Gautrer-Hron 1988 Vasey 2000 see also Waser 1980 Terborgh 1983
: Ganzhorn 1988; Ganzhom and Kappeler 1996) In my study, thrs drd not occur I‘ wo "

Twenty-three years after their introduction to Berenty, Brown lemurs and ngtarls :

-overlapped in diet and habitat use dramatrcally more than in other sympatric populations

- (Sussman 1972; Ganzhorn 1985, 1986). Overlap was greater at Berenty because the angtails :

behaved as they do in natural sym‘patry, but the Brown lemurs did not.” Ringtails at Berenty, as

in all known populations, had generalist ranging behaviour and a diet dominated by a few plant, ’

species, particularly Tamarindus indica, and rounded out with many lightly used food species

(e.g. Sussman 1972; Ganzhorn 1985, 1986; Sauther 1991; Rasamimanana and Rafidinarivo
1993; Yamashita 2002; Simmen et al. 2003). In contrast, the Berenty Brown lemurs were not

the specialised arboreal folivores described in other studlcs of populatlons sympatrrc wrth

:ngtarls (Sussman 1972; Ganzhorn 1985).

The flexible behavrour of Berenty’s Brown lemurs is not surprising. Brown femurs
exh1b1t much variation among habitat types and populations (e.g. Sussman 1972 Ganzhom :
1985, 1986:; Overdorff 1991, 1993 1996; Simmen et al. 2003; Scholz and Kappeler 2004)

Their diets are ﬂex1ble allowmg them to respond to small-scale changes in food avallabrllty over

time and space Unlike Ringtails, they can'exist at high density while feedmg prrmarrly on

mature leaves (Sussman 1972) Yet, they are lng,hly frugrvorous where fruit is plentrful

‘ (Overdorff 1991) At Berenty, they opportumstlcally feed on insects, lizards, bird eggs and even

F hus, Brown lemurs sometimes act as serral specralrsts (this study, Jolly pers. com; see

also Ganzhom 1986) at the population and troop level. On average the seven Brown lemur ;

overlappmg habrtat and shared the majonty of therr diets.: The only diet component that drffered 5

consrstently between specres was new leaves which were eaten less by Brown lemurs, as found

Brown lemur troops than amonr, ngtarl troops

Hrgh ovcrlap durmg perrods of food scarcrty occurs occasronally in sympamc pnmate -

usually dlets drverge most when food is most scarce (Gautler-lhon 1980 Terborgh 1983




dimensions along which sympatric primates’ diets diverge, feeding substrate and leaf chemistry,

were not measured in mystudy and deserve exploration (¢.g. Emmons ef al. 1983; Glander and
Rabin 1983; Harcourt and Nash 1986; Ganzhom 1986, 1988, 1989; Tomlin and Cranford l994;
Vasey 2000). | ‘
Interspecific Differences in Diet and Competitive Ability
Serial specialisation gives Brown lemurs greater resilience than Ringtails to temporal “
variation in resource availability (see Figures 10B and 10C). Plowever, Brown lemurs’ useof
closed canopy forests (Sussman 1972; Hawkins 1999) suggests that they are poorly adapted o
edge habitat. They have less ﬂei(ible thermoregulatory behaviour than Ringtails (Ganzhom :
1985), and travel shorter distances than Ringtails in dry forest (Sussman 1972; Ganzhom 1985'”‘ ;
this study). Brown lemurs follow a strategy ofconserving energy and water by r'tnging in shady -
 habitat, movmg relatively little, and subSisting on food types that are abundant nearby ‘
‘Conserving water may be especially important for dry forest populations of Brown lemurs
¢ because, compared to Ringtails, their diets contain fewer young leaves, leaves from succulent

o plants, or fleshy fruit (this study, Sussman 1972). In contrast, the rigid foraging behaviour of

Ringtails works well in edge habrtats With limited resources (see Gould er a!. 1999; Wright 1999 . s

‘ Godfrey et al 2003) Surveys of ndturally sympatric Brown and Ringtail lemur populations
o suggest thal Riiigtails in sympatry rcgularly make use of both closed-canopy forest and scrubby

: edge habitat while Brown lemurs remain in the forest (Sussmanl972 Hawkinsl999 Sussman s

et al 2003) ‘ S ,
) Interspecrf 4 leferences in Dwt and Populatmn Densrty ;

The demography of Brown lemurs indry forests has been little studied However long- ‘ s

‘term demographic studies have compaied Ringtails” and white sifakas. Sifakas are obligate

_ folivores that share the same range as Riiigtail lemurs White Sifakas have a similar intrinSic rate ; Rl

of natural increase to Ringtails (©. 24 versus 0. 27 Ross l992), do not eat fruit, and experience .

' “less mortality followmg droughts than l{ingtails (Richard el al 2000 2002 Godfrey etal. 2004) SN

’ Brown lemurs have a demography that resembles white Sifakas though they can increase : L

. more rapidly in populatiori denSity (Ross l992 Godfrey etal 2004 this study) Their broad dict s

includes all items eaten by Ringtails and white Sifakas The diets of Brown lemurs and Ringtails

‘ at Berenty overlapped extenswely durmg the period of searcity sampled in this study Yet

5 ?Browri lcmur numbers at Berenty continued to grow in the years ot this study when Ringtail

S : > ‘numbers fell particularly in post—drought years Though they sometimes eat mainly ﬁ'Ult Brown

g lemurs, like white Sifakas, may be limited by leaf rather than fruit anllablllly The availability




S gcstatlon and begm lactatlon durmg the late dry season (Koyama etal. 2001 Jol‘y et al 2002)

of high quality leaves is more predictab e than the availability of fruit, andis not drrectly

correlated with total ramfall (Janson and Chapman 1999). Asaresult, lows in leaf avarlablhty
are not as severe as lows in fruit availability. It seems that during extreme fruit scarcity, Brown
lemurs switch to a folivorous dret Generalising until resources become scarce, and then ‘
specialising, can allow populatrons ‘of facultative specialists 1o out-compete obhgate generahsts
(Robinson and Wilson 1998).
Behavioural Dominance of Brown Lenurs Over Ringtails ,
Brown lemurs at Berenty clearly dominate ngtalls in contest competition. Though
Brown lemurs and Ringtails seidom interact in natural sympatry (Sussman 1972), Brown lemurs
dommate other lemur species both in rainforest and in captivity at Duke Primate Center ‘
(Overdorff 1991; K. Glander pers. comm.). At Berenty, Brown lemurs dominate Rlngtarl lemurs
~at food and water sources (personal observation, N. Koyama, A. Jolly, J. Walker, pers. comm. )
In areas of high populanon densrty, each Ringtail troop’s range is overlapped by several Brown
‘ lemur troons, and some Ringtail troops spend 25% of their feeding time in patches occupied by
: Brown lemurs (Current study; Jolly el al unpublished)ﬁ During my study; ‘B’rovvn lemur and
: ngtarl troops entered food patches occupied by the other species reg,ularly These mtrusrons
" were twice as hkely to lead to aggressive conﬂrct when 3rown lemurs invaded patrhes occupred
by ngtatls (I’mkus, unpubhshed data). It seems lrkely that, if the densrty of Brown lemurs o
contmues to increase, contest competltlon wrth ngtarls wrll intensify, perhaps wrth neg,atrve ‘

‘ results for Rm;,tarls

B ngtatl Recrultment and the Role of Tamarmdus mdlca o

! At Bcrenty, T rndrca trees, and p0551bly other species, bear mast frurt crops durmg ‘
e droughts that occur about every 7 years (Jolly etal. 2002; lugure 7), then dramatlcally decrease
o fruit productlon over the next one to two years (personal observatron, Jolly etal. 2002; Srmmen

: » el aI 2003) Throughout le,tarls range areas wrth hig bher densmes of T mdxca trees support
- hrgher densrtles of ngtarls (Gould et aI l999 Hawkms 1999 Sussman ef al 2003)

T mdlca F rmt asa Keystone Resource  for ngtatls S

Food avmlabrhty in southem Malagasy dry forests is low durmg the late dry season even

- ,‘ in years of average food abundance (Ganzhom efal 2003) At Berenty, female Rm;,talls cnd

= Ener{,y appears to be p'ntlcularly hmltmg for female ngtatl lemurs durmg gesta hon and
lactatlon (Young et a[ 1991 Pererra 1993 Perelra et al 1999 Godﬁ”ey et aI 200 iy




abxltty to rear survrvmg offspnng in consecutive years may depend on werght gain during thrs

time (Pereira 1993). Thus, Ringtail populanons are particularly vulnerable to food ..hortages
durmg the late dry season. The densrty-dependent effect of Brown lemurs on R|ngtall
recruitment in Scrub during average rainfall years (Figure 5A) may indicate i mcrcasmg
mterspecrﬁc competition for T, indica fruit. ‘
.- Plant species that producc abundant and reliable fruits are keystone resources for -
‘ ‘l‘rugrvorous primates (e.g. Overdorff 1991; Tutin ef al. 1997, Sauther 1998; Peres 2000; Jollye
"l 2002) T. indica fruit is a keystone dry season resource for Ringtails, and is olten the
‘ dommant component of their diet (Sussman 1972 Sauther 1991; Rasamrmanana and N
‘ R'tﬁdmanvo 1993; Yamashita 2002; Mertl- Millhollen ef al. 2003; this study) For this reason,

droughts affect Ringtails more severely than symp'ttrrc species wrth more folivorous dtets (Gould

et al 1999; chhard et al. 2000; Jollv et al. 2002; this study).

- Lemur Recruitment l)urmg T. indica Fruit Crop Fi (ulures

Juvenile recruitment in Ringtails at Berenty fell in the first two years followmg droughts
g This effect Wwas strongest in Scrub habrtat (Figure lOB cf- Figure 10A), and was mdependent of
B populauon density, as is typical of the effects of environmental variability on populatlons (e.g.

‘ Davrs et al. 2003) ngtatl population declines at Bcrenty (e.g. years 1985, 1994 and 1998

Figure 3B and 3C) also occurred followmg droughts Smce recruitment and populatton growth

i rate are average to hrgh in drought years (Frgures 9, 10A, lOB) this effect is unltkely 10 be

e . mterspecrﬁc competrtron for T zndrca frurt should have greater consequences for ngtarls Yet

caused by low water avzulabrlrty Decreased recruitment and growth rate after droughts m my

study probably rcpresent the effects of ramfall on food avallabrlrty, parttcularly T ma’:ca fruit

. (Jolly et al. 2002) In years when T. mdzca fruit are scarce, hrgh adultljuvemle mortalrty and

- reproductrve failure also oceur in Rlngtarls at Beza Mahafaly (Gould et al. 1999 Jolly et al. 1 r 5
: 2002 Godfrey el al. 2004; Frgures 10A and 1OB) ‘ g

C Can Water Provzswnmg Explam the Lack of Impact of Brown

Lemurs 0n ngtatls at Berenty9

Because Brown lemurs are behavrourally dommant and resrllent to trurt shontages, i i

_ngtarl numbers at Bcrenty have not declmed as Brown lemurs have mcreased in densrty,

' : resource pamtromng has not occurred and ngtarls in Gallery habrtat are currently stable at the

:ij ’hrghest populatron clens1ty of any known wrld ngtall populatron ThlS surpnsmg outcome may '




be the result of the different effects of water provisioning on Ringtails and Brown lemurs fIn this

section, I e\rplore the hypathesis that the Brown lemur introduction in 1975, and expanded water
‘ provrsromng in 1984 and 1991, mteract at Berenty to create densmes and distributions ol' lemurs
that do not occur in natural sympatry ‘
, Drsmbutron o Brown lemuis at Berenty May Reflect Water varsmmng :
+~The distribution of Brown lemurs at Berenty is strongly influenced by the distribution of
‘Water troughs. In the decade following expanded water provisioning, Brown lemur numbers in -
Gallery habitat increased and then Stabilised (Figure 3B). Their numbers in Gallery were still
increasing in 1991 ‘wh‘en water provisioning expanded for the second time; their distribution in
Gallery subsequently expanded to include newly provisione’d areas (this study) Since water
provrslonmg._, began in Scrub habitat at Berenty in 1991 Brown lemurs have colomzed Scrub
. habitat, reaching three times the densrty of Rm},talls and are contmumg to 1ncrease (Figure 3C) '
~In natural sympalry wrth Ringtails at Anserananomby, Brown lemurs were conﬁned to closed—
canopy forest (Sussman 1972). ' el k
The absolute water requirements for Brown lemurs are unknown but they will travel
‘consrderab]e dlstances to reach water. Inadry forest in Western Madagascar durmg the’ dry _
season; Brown lemurs travcled up to 3km to drmk water, while sympatrrc white srfakas met thelr b
‘ “water requirements by ealmg leaves with hrgh water content (Scholz and Kappeler 2004) :
‘ . Brown lemurs hvmg in dry forest generally have access to ariver or stream (Sussman 1972;
| I—Iawhms 1999; .:choltz and Kappeler 2004) Although lemurs at Berenty are never more than ‘

| Tkm from the Mandrare Rrvcr itis notan mv1tmg place for an arboreal specres to drmk there is

- no veg,etdtron cover on the long expanse between the b’tnk and the dry season tnckle of water,

and there is conmderable human and hvestock traffic alont, the rtverbed Although ngtalls do

drink from the rlver (Jolly pers. comm ) Brown lemurs have not been observed to do S0 durmg

: the day '1 he ccrrelatlon betwcen Brown lemur drstnbutlon and water provrsromng at Berenty P

‘ : suggests that Brown lemurs mrght not range in Scrub i in the absence of water provrslomng
Hrglt ngtarl Denstty in Gallely May Reﬂect Water I’rovzstonmg L ey
e Standmg water does not seem to be a lrmrtmg resource for ngtarl lemurs in 9crub at 0
' ”Berenty, even before water prov1sromng, thcrr numbers rarely declmed in droug,ht years :

e ‘Numbers of ngtalls m Scrub have not changed markedly smce water provrsronmg beg,an m -
= Scrub habltat hkely because ngtmls in Scrub habit can obtam sufﬁcrent water by eatmg

: ‘"succulents and other plants wrth hrgh morsture content (Jolly pers com Budmtz and Darms

1975 Randrlamboavonjy 2003) In Gallery habrtat there are far fewer water-rlch plants than in )




Scrub, and troops rely more heavily on standing water. Ringtails in Gallery habitat mOre than .
doubled their density in the decade after water provisioning expanded for the second time.
During that decade, dry season food shomges occurred 40% of the time. While it is not certam

- that water provisioning caused the populauon increase in Gallery, increased food availability is
an unlikely explanation. Large increases in population density in response to food or water
‘provisioning are common in primates and other vertebrates (Krebs ¢t al 1995; Newton 1998;

F leag,le et al. 1999). Populahons of long-lived species typically i increase within 10 years after’
food or water is supplemented (Fleagle ef al. 1999). ngtall populations have a hrgh mtrmsrc
rate of increase (Ross 1992) and should respond rapidly to provisioning.

 There are other plausible explanations for the increase in Ringtail densrty in Gallery
followmg the late 1980’5 These include: changes in hunting pressure reboundmg, y from a
disease outbreak prior to the 1970s; increased lood provrslomng, by tourists; or changes in forest

“ structure Nelther drsease nor hunting should have rmpacted Gallery habrtat more than Scrub

~and researchers resrdent at Berenty in the 1970’s and 1980°s did not observe hunting or signs of

drsease (A. Menl-Mlllhollen, K. Dainis pers. conv.). “In addltron glven Rlngtarls hrgh intrinsic

rate of increase followmg, s declines, the population should have rebounded prror to the 1990’

On Barro Colorado, howler monkeys, whose intrinsic rate of natural increase is wcll below that

" of Ringtails (0.18 vs. 0. 27 Ross 1992), rebounded w1thm 8 years from an outbreak of yellow

‘ fever that halved their populanon (Chapman et al. 1999) Food prov1sronmg has certamly
affected the density of the troops ranging in the developed tounst area of the reserve (Jolly et aI
- 2002), but the growth rate and recrultment of Gallery troops are not correlated with these
§ : changes Fmally, chang,es in forest structure may have affected ngtarl dcnsrty, but the increase,
in ngtarl densrty was too rapld to be cxplamed by successronal changes in the forest In
: conclusron, none of these altemalrve explanatlons seems hkely at Bcrenty '
: Relatrve Densrtzes in Gallery May Reﬂeci Water Provrsmnmg
: S The combmed densrty of Brown and angt'ul lemurs in Gallery habrtat was stable from
V ‘:'r 1995 through 2000 ata densrty srmrlar to thelr eombmed denslty m natural sympatry (e

: : Sussman 1972). Howcver the proportrons of the two specres differed between these two

’{'srtuatrons ngtarl densrty in Gallery at Berenty was twrce that of ng,tarls m natural sympatry

" :(Sussman 1972) whlle Brown lemur densrty m Gallery has stablhsed at half that in natural

sympatry These results sug;,est ﬂexrbrhty in the relatlve densmes at which sympatnc ngtalls

R and Brown lemurs can mamtam stable populatrons in closcd canopy forest



Water provisioning in Gallery habitat at Berenty may have allowed Gallery ngtdrls to
reach unusually high density by increasing the number of territories w1th access to water. These
“territories are likely a limiting resource for Ringtails living in closed canopy forest. With no

water limitation, and more territories available, Gallery Ringtail troops increased in both size and
number, stabilising around a new, higher population density: That is, at Berenty, water
provisioning lets Ringtails in Gallery forest compete successfully with Brown lemurs. Though=
my analysis did not show an effect of Brown lemur density on Ringtails in Gallery, and .
interspeciﬁc food competition with Brown lemurs occurs (see above), it does not seem that this
food compeuuon is having a negative impact on Gallery Ringtails. v
A further facmr here is that juvenile recruitment in Scrub ngtzuls is declining with
increasing Brown lemur densrly (Figure 5A). The population growth rate for Scrub Ringtails in
‘ po'st-drought yl:ars also appcars to have decreased since Brown lemurs apneared in Scrub (‘Figure“
: 4A) ‘but it is too soon to tell if this trend is robust. ngh Brown lemur densrty in Scrub is recent .-
and hd& ot yet led to a decline in numbers of Ringtails. However, food competmon with Brown
| lemurs in Scrub may reduce the high recrullment needed for Rlngtarls to recover from post-
”;drought food shortages Rmr,tarls are adapted to rebound rapldly from populatron declmes, but
their dret and use of edge habrtat in natural sympatry (Sussman 1972; Hawkins 1999) suggest
~ they may be less able to do so wlule competmg for food w1th Brown lemurs In summary, wnh
: ‘less access o standmg water and greater mtraspecrf c food com')euuon Brown lemurs mrght

cxhrbrt the more conservatrve range use seen in other dry forest populatrons (Sussman 1972;

= "Ganzhom 1985 1986) Undcr these condmons, mterspecrl' ic diet and habltat use overlap would

b ‘be relatlvely low. "o
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Table 1: Daytime activity of Ringtails and Brown lemurs at Berenty L
Percent of 5-minute scan samples between 6am and 6pm spent feeding, and resting or sleeping,

~ in Gallery and Scrub habitats (for cach species n=4 troops in Gallery; n=3 troops in Scrub). Data

are presented as 95% confidence intervals. In both habitats, Brown lemurs fed significantly less

(2-sample t-tests, 1-tailed, p <0.01) and slept or rested significantly more (2-sample t-tests, 1-

. b tailed, p < 0.05) than Ringtails.

i Lemur Species - % Time Feeding (95% C.L) % Time Resting (95% C.L) -+
§ , GALLERY SCRUB GALLERY .- . SCRUB
RINGTAIL, 10.27-045 0.28--0.40 0.44 - 0.64 ~0.37-0.69

BROWN 0.16-0.26 0.10-0.22 0.62-0.72 -0.67 - 0.85




1 , - Table 2: Resource types fed on by Brown and Ringtail lemurs. Abbreviations appear in
) ‘ Figures 1A and 1B.
L . | Abbreviation | Species/Description
Col ACA Acacia rovumae
, ACW Caterpillar (unknown sp.)
1AZL Azima tetracantha
CEB Celtis bifida
oo CEG Celtis gomphophylla
g | CEP Celtis philippensis
SRR COM Combretum albiflorum
: COR . Cordia rothii
o . 1 COV Cordia varo
Pow o | CRE Crataeva excelsa
B c .| CRG Crataeva greveana
o ‘ DRT: Soil/Clay
EGG Bird egg (unknown species)
ER1 Erigeron sp.
FiC Fieusspp.
INS . | Insect (unknown specxes)
PO Ipomoea cairica '
KIL Tamarindus indica ~
coan COLLIT Leaf litter (unknown plant spemes)
9 ... |MAE - Maemaﬁlﬁmms
e (I NEO "~ Neotina isoneura
' OPU Opuntia vulgaris
o PHR 2 Secretions from the homoptcran Phromma rosea
o PHY Phyllanthus casticum
- [LQUI Quivisianthe papinae .
RIN Rinoria greveana
SAL Salvadorea angusttﬁ;ha
SIS . Agave sisalana
TER A Terminalia mantaly
U1El - | Unknown plant sp.
“[UIE2' Unknown plant sp. "¢
JU1EB . Unknown plant sp.
| UIST v o /| "Unknown plant sp.
SO ULYB e Unknown plant sp.
sV UZYB- - « | Unknown plant sp. =
~ : ‘ Rottmg wood (unknown spec1es) o
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density in regular/drought years vs. post-drought years. In regular/drought years y=-.

0.002x+0.57; R2=0.77. -
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the dotted hne (less than 60% of mean wet season ramfall)
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* Figure 8: Effect of amount of wet scason rainfall on J/F in Ringtail lemurs in Scrub habitat, IF-
*= in October of lemur-year N is shown as a function of Wet season ramfall in lemur-year N-1.
: J/F = -0 0007(ramfall) +0. 59 R2=0. 43 ' :
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Fxgure 10A: Juvenile recrultment (J/F ) by ngtall lemurs in Gallery habltat in Wet season |
Drought and Post—drought years. Error bars are -+/- lSE
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Flgure 108:J uvemle recrunment (/F) by ngtall lemurs in Scrub in Wet scason Drought and
Post-drought ycars. Error bars are +/- ISE
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