
GAUTIER, L. & S.M. GOODMAN (EDS.)- INVENTAIRE FLORISTIQUE ET FAUNISTIQUE DE LA RESERVE SPECIALE 

DE MANONGARIVO (NW MADAGASCAR) 

Chapter 8. Ant diversity patterns along an elevational gradient in the 
Reserve Speciale de Manongarivo, Madagascar 

BRIAN L. FISHER 

ABSTRACT 

FISHER, B. L. (2002). Ant diversity patterns along an elevational gradient in the Reserve 
Speciale de Manongarivo, Madagascar. Boissiera 59: 311-328. 

Leaf litter ant faunas were inventoried in the Reserve Speciale (RS) de Manongarivo, Mada
gascar at 400, 780, 1240, 1580, and 1860 m. Within each elevational zone, survey methods 
involved a combination ofleaflitter and beating samples along a 250 m transect. From leaf 
litter and beating samples, 33 genera and 182 species were recorded; general collecting yiel
ded an additional 29 species. Species accumulation curves of observed species showed 
decreased rates of species detection and were used to evaluate the efficacy of two inventory 
techniques. Leaf litter sifting collected more species than beating methods. A transect of 50 
leaf litter samples taken I 0 m apart captured the same or slightly greater number of species 
than samples taken 5 m apart. Species richness was greatest at 400 and 780 m depending on 
method of collection. The number of species collected by elevation was greatest at 780 m 
(112 spp.) and lowest at 1860 m (41 spp.). Species turnover measures demonstrated a divi
sion in ant communities between lowland forest :S 780 m and montane forest 2: 1240 m. Zoo
geographic analysis supports the classification of the Sambirano region based on botanical 
data, including the lowland forest ofRS de Manongarivo, as distinct from lowland forest in 
the east. 

VERSION ABREGEE EN FRAN<;:AIS 

FISHER, B. L. (2002). Variation de Ia diversite des fourmis le long d'un gradient altitudi
nal dans Ia Reserve Speciale de Manongarivo, Madagascar. Boissiera 59: 311-328. 

Un obstacle important ill' etablissement de priorites en matiere de conservation a Madagas
car est Ia difficulte rencontree a definir clairement des schemas expliquant Ia diversite et 
l'endemisme des especes dans !'lie, ainsi que Ia maniere dont !'assemblage specifique 
change d'un milieu a un autre. Bien que les arthropodes representent Ia plus grande majo
rite des especes animales a Madagascar, leur faune reste mal connue et insuffisamment 
representee dans les collections museologiques. Dans le but d'arriver a terme a dresser une 
carte de Ia biodiversite a Madagascar, ce travail utilise des methodes de recolte standardi
sees pour un groupe d'insectes terrestres diversifies et de grande importance biologique, les 
fourmis, afin d'evaluer leur diversite le long d'un gradient altitudinal dans Ia Reserve Spe
ciale (RS) de Manongarivo, au nord-ouest de Madagascar. 

La faune myrmecologique de Ia litiere y a ete inventoriee 1!400, 780, 1240, 1580 et 1860 m 
d'altitude. Dans chaque zone altitudinale, deux methodes d'inventaire ont ete utilisees le 
long d'un transect de 250m: l'echantillonnage de Ia myrmecofaune de Ia litiere et l'echan
tillonnage par battage. A partir de ces methodes, 33 genres et 182 especes de fourmis ont 
ete recensees. Des recoltes generales ont permis d'inventorier 29 especes supplementaires. 

Les courbes d 'accumulation des especes demontrent des taux decroissants de detection 
d'especes supp!ementaires avec !'augmentation de !'effort de recolte. lis ont pu etre utilises 
pour evaluer l'efficacite de capture des deux methodes d'inventaire. Les prelevements de 
litiere ont permis de recenser plus d'especes que l'echantillonnage par battage. Un transect 
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de 50 echantillons de litiere preleves tous les I 0 m a permis Ia capture d'un nombre d'es
peces ega! ou legerement superieur it celui obtenu lorsque les echantillons etaient preleves 
tous les 5 m. La plus grande richesse specifique a ete trouvee it 400 m ou it 780 m, selon Ia 
methode de recolte. Le nombre d'especes inventoriees en fonction de !'altitude se situe entre 
un maximum de 112 especes it 780 met un minimum de 41 especes it 1860 m. La mesure 
du changement dans I' assemblage des especes en fonction de I' altitude demontre une nette 
separation entre Ia foret de basse altitude (:S 780 m) et Ia foret de montagne (2: 1240 m). 
L'analyse zoogeographique confirme Ia distinction basee sur les donnees botaniques entre 
les forets denses de basse altitude du Domaine du Sambirano, represente ici par les stations 
inferieures du Manongarivo, et celles du Domaine de !'Est. 

Ces resultats demontrent par ailleurs qu'il existe des methodes efficaces pour recolter et trai
ter des donnees sur Ia diversite des fourmis sur l'ile. Neanmoins, un obstacle de taille 
demeure le manque de taxinomistes experimentes pour decrire et identifier les nouveaux 
taxons. Une cartographie de Ia diversite des arthropodes de l'ile et son application au niveau 
de Ia conservation necessite le developpement d'une collection entomologique nationale 
ainsi que Ia formation de scientifiques malgaches en taxonomie, en determination et en ges
tion museologique. II nous faut stimuler l'avenement d'une nouvelle generation de scienti
fiques autochtones, it meme de poursuivre et de prendre en main Ia carte de Ia biodiversite 
des fourmis de Madagascar. 

KEY-WORDS: Ants- Collection methods- Conservation- Diversity- Elevational gra
dient - Inventory design. 

Introduction 

A major obstacle to establishing priorities for conservation in Madagascar has been the 
inability to clearly define patterns of species richness, turnover, and endemism on the island. The 
current data available for conservation planning in Madagascar is often restricted to select verte
brate and plant groups (GANZHORN & a!., 1997; LOUREN<;O & GOODMAN, 2000). 
Although arthropods make up the vast majority of animal species in Madagascar, the arthropod 
fauna remains poorly understood and inadequately represented in museums (LOUREN<;O, 
1996; FISHER, 1997; LOUREN<;O & GOODMAN, 2000). Efforts to document and analyze the 
biogeographic patterns of arthropod diversity across the island are needed for effective conser
vation practices. In basic sciences, these inventories are needed to understand the complex his
torical factors that have shaped the origin and evolution of the remarkable fauna and flora of 
Madagascar. 

As a step toward achieving a map of biodiversity in Madagascar, this project used standar
dized sampling procedures for a diverse and ecologically important group of terrestrial insects -
ants -to assess diversity along an elevational gradient in the Reserve Speciale (RS) de Manon
garivo. The efficacy of the inventory methods and the effect of elevation on species richness in 
the RS de Manongarivo are evaluated, measures of faunal similarity are compared, and comple
mentarity established for ant species across elevations sampled from 400 to 1860 m. Finally, the 
biogeographic affinities of the ant assemblage in the reserve are discussed. 

Methods 

Study Sites 

Ants were intensively surveyed in the RS de Manongarivo between 10 October and 
14 November 1998. The Reserve is located in northwestern Madagascar in the Province of Ant
siranana. The inventories were conducted at the following sites and habitats within the reserve. 

1) 400 m, 10.8 km 229°SW Antanambao, 13°57.7'S, 48°26.0'E, lowland rainforest 

2) 780 m, 12.8 km 228°SW Antanambao, 13°58.6'S, 48°25.4'E, lowland rainforest 
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3) 1240 m, 14.5 km 220°SW Antanambao, 13°59.9'S 48°25.7'E, montane rainforest 

4) 1580 m, 17.3 km 218°SW Antanambao, l4°01.3'S, 48°25.l'E, montane rainforest 

5) 1860 m, 20.4 km 219°SW Antanambao, l4°02.8'S, 48°24.l'E, montane rainforest 

Survey Methods 

Two quantitative methods (leaf litter sampling and beating) and general collecting were 
used to sample ants in each elevational zone. Each quantitative method consisted of taking 
samples at intervals along a 250 m transect at each study site. 

(1) Leaf litter sifting (= L): Invertebrates were extracted from samples of leaf litter (leaf 
mold, rotten wood) using a modified form of the Winkler extractor (see Figure 2 in FISHER, 
1998). The leaf litter samples involved establishing fifty 1 m2 plots, separated by 5 m intervals, 
along the 250 m transect line. The leaf litter inside each plot was collected and sifted through a 
wire sieve with square holes of 1 em x 1 em. Before sifting, the material was chopped with a 
machete to disturb ant nests in small twigs and decayed logs. Ants and other invertebrates were 
extracted from the sifted litter during a 48-hour period in mini-Winkler sacks (for a detailed dis
cussion of the mini-Winkler method, see FISHER, 1998). 

Additional sampling was conducted to ascertain the effects of two aspects of sampling 
design: number of samples, and distance between samples. In addition to this standardized 
50-sample method described above, 25 additional leaf litter samples were taken at the three 
lowest elevations (400, 780, 1240 m). At these three sites, these additional samples were taken 
10m apart and were placed along a continuation of the same transect line as the initial 50. Each 
leaf litter transect was therefore 500 m long, with the first 50 samples taken 5 m apart in the first 
250 m and the last 25 samples taken 10 m apart in the second 250 m. 

(2) Beating low vegetation (= B): Along the 50-sample leaf litter transect, 25 beating sta
tions were established 10m apart. Ants on low vegetation and arboreal ants were sampled by hol
ding a stretched 1 m x 1 m white nylon platform below the undergrowth and beating the trunk of 
a tree three times with a stick. The dislodged ants were aspirated and placed in ethanol. This pro
cess was repeated 6 times for each of the 25 beating samples. Therefore each beating sample 
consisted of6 different plant subsamples, each beaten three times with a stick. The 6 beating sub
samples were taken within a 5 m radius of the beating station along the transect. 

(3) General collecting (= G): Ants were also surveyed through general collecting, defined 
as any collection method that was separate from the two quantitative transect methods described 
above. It included searching in rotten logs and stumps, in dead and live branches, in bamboo, on 
low vegetation, under canopy moss and epiphytes, and under stones. 

Data Analysis 

Only records of ant workers were used in data analysis since the presence of queens or 
males in samples does not necessarily signifY the establishment of a colony of that species within 
the transect habitat type. Voucher specimens for this study have been deposited at the California 
Academy of Sciences, San Francisco, USA and representative specimens will be returned to the 
Pare Botanique et Zoologique de Tsimbazaza, Antananarivo, Madagascar. 

To assess survey completeness for each of the two quantitative methods, species accumula
tion curves were plotted for each method singly and for methods combined. Species accumula
tion was plotted as a function of both the number of samples taken and as a function of number 
of species occurrences. Species accumulation curves plotted as a function of the number 
of samples measures species density, the number of species per unit of sample effort, and may 
not reflect species richness (GOTELLI & COLWELL, 2001). If habitats differ in density of 
individuals, or if two habitats differ in structure in a way that influences the effectiveness of a 
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particular sampling method, then species accumulation curves plotted as a function of sample 
effort may not reflect the actual species richness of the community. GOTELLI & COLWELL 
(2001) argue that to compare species richness, species accumulation curves should be plotted as 
a function of individuals. Ants, like other social insects, pose a problem since they are colonial. 
Since it is impossible to count colonies in beating and leaf litter-sampling methods, a compro
mise is to use frequency of occurrence. Species occurrence is the total number of times a species 
was captured independently in the samples and ignores the number of individuals of a species in 
any one sample. To evaluate these two approaches, species accumulation were plotted both as a 
function of samples and a function of species occurrence. 

Since the shape of a species accumulation curve can depend on the ordering of samples 
(PALMER, 1990; COLWELL & CODDINGTON, 1994), curves were smoothed through the pro
cess of randomization. Sample order was randomized 100 times and means were computed for 
each succeeding station using the program EstimateS version 6.0 (COLWELL, 1997). 

The redundancy ofleaflitter (L) and beating (B) methods to capture the same portion of the 
fauna was evaluated using two methods. First, I compared combined leaf litter and beating accu
mulation curves to curves of each method singly (combined curve method outlined in LONGINO 
& COLWELL, 1997). If each method singly collects a distinct portion of the fauna, then the com
bined curve will be steeper than the single method curves. Such a result indicates that the 
methods are not redundant. If the combined curve is similar to one of the single method curves, 
then the methods capture a similar assemblage of species. 

In addition to combined curves, I calculated the redundancy index (R) of beating and leaf 
litter sifting methods: R = 1 - u/a, where u = the number of species found only by method min, 
where min is the method that collected the fewest number of species, and a = the total number 
of species collected by the method that captured the fewest species. Higher values represent 
greater redundancy: a value of 1 represents complete redundancy where all species collected by 
the method that captured the fewest species are also collected by the other method, and a value 
of 0 represents no overlap between species captured by each method. 

Overlap and complementarity (distinctness or dissimilarity, sensu COLWELL & COD
DINGTON, 1994) of the ant assemblages at different elevations were assessed using distinct
ness and beta-diversity indices. Complementarity of ant assemblages at different elevations 
was assessed using the proportion of all species in two sites that occurred at only one 
site. Complementarity was calculated using the Marczewski-Steinhaus (M-S) distance index: 
CMs = (a + b - 2j)/( a + b -f j) where j = number of species found at both elevations, a = number 
of species at elevation A, and b =number of species at elevation B (PIELOU, 1984; COLWELL 
& CODDINGTON, 1994). M-S was chosen because of its simple and statistically valid approach 
to comparing two biotas (PIELOU, 1984; COLWELL & CODDINGTON, 1994). 

Beta-diversity (species turnover between elevations) was calculated using the measure of 
beta-diversity developed by HARRISON & a!. (1992) because it distinguishes between species 
turnover and the loss of species along a gradient without adding new species. Beta = (S/amax) - 1, 
where S = the total number of species in the two elevations combined, and amax = the maximum 
value of alpha-diversity (i.e., number of species) between the elevations compared. The number 
of species unique to an elevation and the number of species shared between elevations were also 
compared. 

Results 

Ant Richness 

A total of 33 genera and 204 species were obtained from general collections, leaf litter and 
beating methods from the five elevation zones sampled. These include the second record of the 
ant genus Anopolepis in Madagascar and the first record of Probolomyrmex for the Malagasy 
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Table 8-1.- Ant species list for the RS de Manongarivo, according to elevation and collection method. 
Only collections of workers are presented (G = from general collections; B = from beating transect 
samples; L = leaf litter transect samples). A total of 33 genera and 204 ant species were collected. 
- Liste des especes de fourmis de Ia RS de Manongario en fonction de /'altitude et de Ia methode de 
recolte. Seules /es reco/tes d'ouvrieres sont presentees (G = reco/tes generales; 8 = recoltes issues de 
l'echantillonnage par battage; L = recoltes issues de /'echantillonnage de Ia litiere). Au total, 33 genres et 
204 especes ont ete recoltes. 

Genus Species 400m 780m 1240 m 1580 m 1860 m 

CERAPACHYINAE 
Cerapachys sp. 01 L L 
Cerapachys sp. 02 L L 
Cerapachys sp. 03 L 
Cerapachys sp. 04 L L 
Cerapachys sp. OS L L 
Cerapachvs sp. 06 L L 
Cerapachys sp. 07 L L 
Cerapachvs sp. 08 L 
Cerapachvs sp. 09 L G L, G L, G 
Cerapachvs sp. 10 L 
Cerapachvs sp. 11 L L 
Simopone sp. 1 G 
DOLICHODERINAE 
Tapinoma sp. 1 L, 8 8, G 
Technomvrmex sp. 1 L 8, G L 
Technomvrmex SP. 2 L, 8 8 
Technomvrmex sp. 3 G 
FORMICINAE 
AnOJ)Iolepis sp. 1 8 
Camponotus sp. 01 L, 8 G 
Camponotus sp. 02 8, G G 
Camponotus sp. 03 L, 8, G 
Camponotus sp. 04 G G 
Camponotus sp. OS 8, G 
Camponotus sp. 06 G 
Camponotus sp. 07 L 8 8 G 8 
Camponotus sp. 08 8 L 
Camponotus sp. 10 L 
Camponotus sp. 11 L 
Camponotus sp. 12 G 8 
Camponotus sp. 13 8 L, 8, G 8, G 
Camponotus sp. 14 L L, 8, G 8 
Camponotus sp. 1S L L, G G 
Camponotus SP. 16 L, G L, G L, G 
Camponotus ~17 8 8 
Camponotus ~18 G L, G G L, 8 8 
Camponotus ~ 19 G G L, G 
Camponotus ~20 L, 8 G 
Camponotus ~21 G 
Camponotus ~22 L 
Camponotus sp. 23 L, G 
Caf1lJJ_onotus sp. 24 L, 8 G 
Call'JjJOnotus sp. 2S 8, G G 
Ca171ponotus sp. 26 G 
Camponotus sp. 27 G L, G 
Camponotus sp. 28 G 
Camponotus sp.29 L, 8 
Camponotus sp. 30 G 
Camponotus sp. 31 G G 
Paratrechina sp. 1 L, G L L L L 
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Table 8·1.- Ctd. 

Genus Species 400m 780m 1240 m 1580 m 1860m 

Paratrechina sp. 2 L L, B L L, G L, B 
Paratrechina sp. 3 L L L 
Paratrechina sp. 4 L L L L 
Plaaioleois sp. 1 L, B L L, B B 
Plaaioleois sp. 2 L L, B, G L, B 
MYRMICINAE 
Aohaenoaaster SO. 1 L L L, B 
Cataulacus SO. 1 B G 
Catau/acus so. 2 L, B B, G 
Catau/acus so. 3 G 
Crematoaaster so. 1 L, B, G L, B, G L, B L, B, G L, B 
Crematoaaster so. 2 B 
Crematoaaster so. 3 L, B, G L, B 
Crematoaaster so. 4 L, B L, B L, B 
Crematoaaster so. 5 B 
Leotothorax so. 1 B B 
Leptothorax so. 2 B B 
Leptothorax so. 3 B L B 
Leptothorax so. 4 B B 
Leptothorax sp. 5 B 
Monomorium sp. 01 L L 
Monomorium sp. 02 L L, G L, B L B L 
Monomorium sp. 03 L L L B 
Monomorium sp. 04 L L L 
Monomorium sp. OS L, B B 
Monomorium sp. 06 G 
Monomorium sp. 07 L, B 
Monomorium sp. 08 G 
Monomorium sp. 09 L 
Monomorium sp. 10 G L B L 
Monomorium sp. 11 G 
Monomorium sp. 12 L L 
Monomorium sp. 13 L B L B 
Monomorium sp. 14 L L 
Monomorium sp. 15 L L L L L 
Monomorium sp. 16 L L B 
Monomorium sp. 17 L 
0/iaomvrmex sp. 1 L L 
0/iaomvrmex sp. 2 L L, G L 
Pheido/e sp. 01 L, G 
Pheido/e sp. 02 L 
Pheido/e sp. 03 L 
Pheido/e sp. 04 L 
Pheido/e sp. OS L L L, G 
Pheidole SO. 06 L, B 
Pheidole SO. 07 L G 
Pheido/e so. 08 L, G L, G 
Pheido/e so. 09 L 
Pheidole sp. 10 L 
Pheidole sp. 11 L, G 
Pheidole sp. 12 L G L, G 
Pheidole sp. 13 L L L 
Pheidole sp. 14 L 
Pheidole sp. 15 L L 
Pheidole sp. 16 L L G L, B, G 
Pheido/e sp. 17 L, G L, B, G L, B, G 
Pheido/e sp. 18 L L L L 
Pyramica ervnnes L L L 
Pyramica khakaura L 
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Table 8-1.- Ctd. 

Genus Species 400m 780m 1240 m 1580 m 1860 m 

Pvramica ludovici L, G 
Pvramica o/soni L 
Pvramica seti L L 
Strumioenvs ilJ)ios L L 
Strumioenvs bibiolona L L L L 
Strumioenvs carolinae L L L L 
Strumioenvs chroa L L 
Strumiqenvs covina L 
Strumiqenvs dicomas L L L 
Strumioenvs finator L 
Strumiqenvs olvcon L L L 
Strumioenvs inatos L L L L 
Strumiqenvs labaris L L 
Strumiqenys lucama L 
Strumiqenys nambao L L 
Strumiqenvs oriqo L 
Strumiqenvs rabesoni L 
Strumiqenvs schuetzi L L L 
Strumiqenys SCOtti L 
Strumigenys sphera L L L L 
Strumigenys sylvaini L L 
Terataner alluaudi G 
Terataner cf. bellicosus L 
Tetramorium cf. andrei L L L, G L L 
Tetramorium cf. kel/eri L G 
Tetramorium sp. 02 L, G L, G 
Tetramorium sp. 03 G L, G 8 
Tetramorium sp. 04 L LG L, 8 
Tetramorium sp. 05 8 L 
Tetramorium sp. 06 L 
Tetramorium sp. 08 L L 
Tetramorium sp. 09 L L 
Tetramorium sp. 10 G G G 
Tetramorium sp. 11 L L L 
Tetramorium g>. 12 L 
Tetramorium SQ.13 L L L 
Tetramorium so. 14 L L 
Tetramorium so. 15 8 
Tetramorium so. 16 L L L 
Tetramorium so. 17 8 
Tetramorium so. 18 L L G 
Tetramorium so. 19 8 
Tetramorium so. 20 L L L 
Tetramorium so. 21 L L L 
Tetramorium so. 22 L 
Unnamed qenus #1 so. 1 8 G 8 
Unnamed qenus #1 so. 2 L, G 
Unnamed qenus #1 so. 3 L 
PONERINAE 
Amblyopone sp. 1 L L 
Anochetus grandidieri L L G 
Anochetus madagascariensis L, G L, G 
Discothyrea sp. 1 L L L 
Discothyrea sp. 2 L 
Hyopoponera sakalava L, G L, G 
Hyopoponera sp. 01 L L L L L 
Hyopoponera sp. 02 L L L 
Hyopoponera sp. 03 L L 
Hyopoponera sp. 04 L L 
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Table 8-1.- Ctd. 

Genus S~ecies 400m 780m 1240 m 1580m 1860 m 

H'f_oe_oe_onera S[:l. 05 L 
H'f_oe_oe_onera S[:l. 06 L, G L 
H'f_oe_oe_onera S[1.07 L L 
H'f_oe_oe_onera S[:l. 08 L L L L 
H'f.oe_oe_onera S[:l. 09 L L 
ljyoe_oe_onera S[:l. 10 L L 
H'f.oeoeonera S(2. 11 L 
H'f.oe_oe_onera S[:J. 12 L L L 
H'f_oe_oe_onera S[:J. 13 L 
H'f.oe_oe_onera S[:l. 14 G 
H'f_oe_oe_onera S(2. 15 L L 
H'f.oeoe_onera S[:l. 16 L 
Lee_tog_en'f_s S[:l. 1 L L, G L B 
Lee_tog_en'f.S S[:J. 2 G 
Lee_tog_en~ 5[1. 3 G 
Lee_tog_en'f.S S[:l. 4 G 
Lee_tog_en'f.S S[:l. 5 L 
Mystrium sp. 1 L L 
Mvstrium SP. 2 L G 
Odontomachus coguereli L, G 
Pach'f_cond'f.la ambig_ua L L 
Pach'f.cond'f_/a cambouei L, G L, G L, G 
Pach'f_cond'f_/a comorensis L, G L, G 
Pach'f_cond'f.la e_erroti L, G L 
Pach'f.cond'{la sikorae G 
Plat'{!_h'f.rea 5[1.1 L G 
Prionoe_elta S[:l. 1 L L L 
Prionoe_elta S[:l. 2 L L L L 
Prionoe_elta S[:l. 3 L L 
Probo/om'f_rmex S[:l. 1 L 
Proceratium 5[1. 1 L L L 
Proceratium so. 2 L 
PSEUDOMYRMECINAE 
Tetrae_onera g_randidieri G L, G L, B, G 
Tetrae_onera mandibularis G G 
Tetrae_onera nr.long_ula G 
Tetrae_onera [:JSW-081 L L, B 
Tetrae_onera [:JSW-086 B B 
Tetrae_onera (:JSW-092 L, G G 
Tetrae_onera [:JSW-110 L, G L, G 
Tetrae_onera (:JSW-111 B G 
Total G C 84 29 48 31 11 1 
Total Beating 57 21 21 14 20 12 
Total leaf litter 163 79 (87) 69 (84) 71 (85) 39 34 
Total L + B 182 97 92 90 53 40 
Total all methods 204 108 112 106 55 41 
Redundan~ of L and B 0.52 0.62 0.64 0.30 0.50 
Number(%) unigue S[:Jecies: L + B 26 (27%) 13 (14%) 18 (20%) 6 (12%) 5 (13%) 
Number(%) unique species: all methods 21 (19%) 17 (15%) 23 (22%) 6(11%) 5 (12%) 
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Fig. 8-1. - Number of 
ant species as a func
tion of elevation. Data 
are from leaf litter, 
beating, general collec
ting and all methods 
combined. Leaf litter 
samples include 75 
samples at 400, 780, 
and 1240 m and 50 
samples at 1580 and 
1860 m. - Nombre 
d'especes de fourmis 
en fonction de /'alti
tude. Les donnees pro
viennent de l'echan-
tillonnage de Ia litiere, 
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de /'echantillonnage par battage, des recoltes generales, et de /'ensemble des 3 techniques. L'echan
tillonnage de Ia litiere se base sur 75 echantillons a 400, 780 et 1240 met sur 50 echantillons a 1580 et 
1860 m. 

Table 8·2. - Observed species richness for leaf litter collections at each elevation surveyed in the RS 
de Manongarivo evaluated at different sample sizes. Richness values are the means of 100 randomiza· 
tions of sample accumulation order. - Richesse specifique observee a partir de l'echantil/onnage de Ia 
litiere aux differentes altitudes, en fonction de Ia tail/e de l'echantillon. La valeur de Ia richesse speci· 
fique est Ia moyenne de 100 tirages aleatoires de l'ordre des echantillons. 

Number of samples 400m 780m 1240m 1580 m 1860 m 

1 13.3 13.5 12.6 8.5 7.1 

3 27.3 27.6 27.5 15.3 13.8 

5 35.3 35.3 35.5 18.7 17.5 

10 47.3 47.1 46.3 24.1 22.1 

15 54.7 53.7 52.9 27.2 25.1 

20 59.9 58.6 58.0 29.9 27.3 

25 64.2 62.7 62.3 32.3 29.1 

30 67.7 66.3 66.0 34.0 30.4 

35 70.8 69.3 69.2 35.6 31.5 

40 73.5 71.8 71.8 36.9 32.4 

45 75.6 74.1 74.2 38.1 33.3 

50 77.8 76.2 76.5 39.0 34.0 

55 79.9 78.1 78.7 

60 81.9 79.8 80.1 

65 83.5 81.3 82.1 

70 85.2 82.6 83.6 

75 87.0 84.0 85.0 
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Fig. 8-2.- Assessment of leaf litter (L: 50 or 75 samples), beating (B: 25 samples), and combined methods 
(B + L: 75 or 100 samples) of ant sampling at (a) 400 m, (b) 780 m, (c) 1240 m (d) 1580 m, and (e) 
1860 m. The species accumulation curve in each chart plots the observed number of species as a func
tion of the number of stations sampled. Curves are plotted from the means of 100 randomizations of 
sample accumulation order.- Evaluation des methodes de recolte des fourmis par l'echantillonnage de 
Ia litiere (L: 50 ou 75 echantillons), l'echantillonnage par battage (B: 25 echantillons) et par Ia combi
naison des deux methodes (B t L: 75 ou 100 echantiffons) a (a) 400 m, (b) 780 m, (c) 1240 m (d) 1580 m 
et (e) 1860 m. La courbe d'accumulation des especes de chaque graphique represente le nombre d'es
peces observees en fonction du nombre d'echantillons releves. Les courbes ont ete tracees a partir de Ia 
moyenne de 100 tirages aleatoires de l'ordre des echantillons. 
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Fig. 8-3.- Assessment of species richness using species accumulation curves for combined leaf litter and 
beating methods at each elevation. The species accumulation curves plot the observed number of spe
cies as a function of (a) the number of stations sampled; and (b) the number of species occurrences. All 
curves are plotted from the means of 100 randomizations of accumulation order. -Evaluation de Ia 
richesse specifique en utilisant les courbes d'accumulations des especes pour l'echantillonnage de Ia 
litiere et l'echantillonnage par battage combines, a chaque altitude. La courbe d'accumulation repre
sente /e nombre d'especes observees en fonction (a) du nombre d'echantillons et (b) du nombre d'oc
currence des especes. Les courbes ont ete tracees a partir de Ia moyenne de 100 tirages aleatoires de 
l'ordre des echantillons. 
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Fig. 8-4.- Comparison of species accumulation curves plotting the observed number of species as a func
tion of the number of: (a) stations sampled; and (b) species occurrences. Curves are based on litter 
samples (50 or 75 samples) at each elevation. All curves are plotted from the means of 100 randomiza
tions of accumulation order.- Comparaison des courbes d'accumulation des especes en fonction (a) du 
nombre d'echantillons et (b) du nombre d'occurrence des especes. Les courbes sont basees sur /'echan
tillonnage de Ia litiere (50 ou 75 echantillons) a chaque altitude. Les courbes ont ete tracees a partir de 
Ia moyenne de 100 tirages a/eatoires de l'ordre des echantillons. 
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Fig. 8-5.- Assessment of the efficiency of taking 50 leaf litter samples 5 m or 10m apart at (a) 400 m, 
(b) 780 m, and (c) 1240 m. The species accumulation curve in each chart plots the observed number of 
species as a function of the number of stations sampled. Curves are plotted from the means of 100 ran
domizations of sample accumulation order. - Evaluation de de l'efficacite de recolte par echantilfon
nage de Ia litiere pour 50 echantillons distants de 5 ou 10m, a (a) 400 m, (b) 780 met (c) 1240 m. La 
courbe d'accumulation des especes de chacun des graphiques represente le nombre d'especes en fonc
tion du nombre d'echantilfons. Les courbes ont ete tracees a partir de Ia moyenne de 100 tirages a/ea
toires de l'ordre des echantillons. 

region. Of the 204 species collected, only one species (Pyramica ludovici) is known to be exo
tic. It was collected at the 780 m site. A list of ant species from this study based on all collecting 
methods and separated by elevation is presented (Table 8-1 ). 

Species richness patterns along the elevation gradient for each method and for all methods 
combined are presented in Figure 8-1. The number of species collected by elevation was greatest 
at 780 m (112 spp.) and the least at 1860 m (41 spp.). When gener~l collections are excluded, the 
greatest number of species was collected at the 400 m site {Table 8-1 ). 

Efficacy of inventory methods 

Species accumulation curves of observed species plotted as a function of number of leaf lit
ter and beating samples taken singly by elevation (Fig. 8-2, Table 8-2) and for both methods com
bined (Fig. 8-3a) showed decreased species accrual with increased sampling, but did not reach 
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an asymptote at the end of each transect. Visual inspection of species accumulation curves sho
wed that litter samples had a higher rate of species accumulation than the beating methods 
(Fig. 8-2). 

Species accumulation curves plotted as a function of species occurrence produced similar 
results as curves plotted as a function of number of samples. For example, Figure 8-3 compares 
sample (Fig. 8-3a) and species occurrence (Fig. 8-3b) curves for combined beating and litter 
methods. Figure 8-4 compares sample (Fig. 8-4a) and species occurrence (Fig. 8-4b) of litter 
methods singly for each elevation. In all comparisons, species occurrence curves were similar to 
sample curves. 

Leaf litter sifting captured the greatest number of species at each elevation when compared 
to beating and general collecting (Table 8-1). Overall, leaf litter methods collected 163 species. 
Beating trapped an additional 19 species not obtained by leaf litter sifting and general collecting 
captured 29 species not collected by leaf litter sifting. Of these 29 species, beating also collected 
seven species. 

Combined beating and leaf litter accumulation curves had a greater rate of species accrual 
than individual methods alone at all elevations except 1240 m (Fig. 8-2). Redundancy index 
values for the leaf litter and beating methods ranged from 0.30 to 0.64, with the lowest levels 
of redundancy occurring at the highest elevations. Beating was most redundant at 1240 m 
(Table 8-1, Fig. 8-2c ). The rate of species accumulation and the number of species collected for 
50 leaf litter samples taken 5 m apart was similar to samples taken 10 m apart (Fig. 8-5). Sam
pling separation of 5 m and 10m collected: 79 and 79 spp. at 400 m; 69 and 71 spp. at 780 m, 
and 71 and 79 spp. at 1240 m, respectively. 

Species turnover patterns 

The highest species turnover (Beta-diversity) values between adjacent elevations occurred 
between 780 and 1240 m (Table 8-3). Species turnover was also high between the 400 and 
780 m site. The greatest dissimilarity (Marczewski-Steinhaus Index) values between adjacent 
elevations occurred between 1240 and 1580 m. The second greatest dissimilarity value occurred 
between 780 and 1240 m (Table 8-3) 

Table 8·3. - Complementarity and species turnover between the five elevational zones, based on leaf 
litter and beating samples in the RS de Manongarivo. The Marczewski·Steinhaus (M·S) complementarity 
measure is above the diagonal and Harrison index of Beta-diversity is below. Higher values represent 
greater distinctness (M·S) or turnover (Beta). Bold values represent comparisons of elevationally adjacent 
transects. The number of species shared between elevations is presented in parentheses. - Complemen· 
tarite et uturnoveru des especes entre les cinq zones altitudinales, bases sur l'echantillonnage de Ia litiere 
et l'echantillonnage par battage dans Ia RS de Manongarivo. La mesure de complementarite de Marc· 
zewski·Steinhaus (M·S) est presentee en·dessus de Ia diagonale du tableau et l'indice de Beta-diversite de 
Harrison en·dessous. Les valeurs elevees representent une plus grande complementarite (M·S) ou uturn· 
overu (Beta). Les valeurs en caracteres gras mettent en evidence les comparaisons effectuees entre tran· 
sects adjacents dans Ia sequence altitudinale. Les va/eurs entre parentheses representent le nombre 
d'especes communes entre deux altitudes. 

Elevation 400 m 780 m 1240 m 1580 m 1860 m 

400m - 0.523 (61) 0.692 (44) 0.881 (16) 0.913 (11) 

780 m 0.320 - 0.632 (49) 0.840 (20) 0.872 (15) 

1240 m 0.474 0.446 - 0.723 (31) 0.818 (20) 

1580 m 0.381 0.359 0.244 - 0.524 (30) 

1860 m 0.299 0.272 0.222 0.189 -
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The 400 m site had the greatest number and the highest percentage of species restricted 
to one specific elevation (Table 8-1 ). The 780 m site had the highest number of species shared 
with other sites and also shared more species with the 400 m site than with the 1240 m site 
(Table 8-3). 

Discussion 

Efficiency of methods and sampling completeness 

Arthropods constitute more than 75% of the earth's terrestrial biodiversity and deserve 
increased attention in regions of the world, such as Madagascar, where species-rich habitats are 
under threat of destruction. Inventories of arthropods are essential to provide data on patterns of 
species richness, turnover, and endemism and for developing conservation priorities that can 
potentially preserve the greatest diversity. Because of a lack of appropriate collection methods, 
invertebrates are often excluded from terrestrial inventory projects despite their importance in 
ecosystem functioning and ability to elucidate fine-scale patterns of diversity (FISHER, 1999a; 
1999b). 

A critical issue associated with invertebrate inventories is determining which method and 
sampling design is the most efficient. This study compares two sampling methods, leaf litter sif
ting and beating and two sampling designs for leaflitter sifting (5 m and 10m distances between 
sampling points). 

The efficacy of the inventory methods can be evaluated by using species accumulation 
curves (COLWELL & CODDINGTON, 1994). The criterion I use to evaluate efficacy is the 
number of species collected per unit effort. For example, the leaf litter transect takes on average 
5 days in the field to conduct and 30 days in the laboratory to sort, identify, and curate the spe
cimens. If increased sampling efforts always collect additional species, how many subsamples 
should be taken? Species accumulation curves help evaluate this question. 

An accumulation curve is specific to the area of the survey, the season or year, and the col
lecting techniques employed. Additional collecting methods, or a survey in a different area or 
season at the same elevation, would most likely collect additional species. If an observed or esti
mated species accumulation curve demonstrates a sufficient decrease in the rate of species accu
mulation, then the number of subsamples is arguably adequate for collecting the species in the 
area surveyed for the particular methods employed. Conversely, if the curves are rising rapidly, 
more intensive sampling may be necessary to accurately compare species diversities between 
elevations. For hyperdiverse groups with large numbers of rare species, more intensive sampling 
(i.e., larger numbers of subsamples) typically never generate curves that completely flatten out 
and reach an asymptote (see FISHER, 1999b). For these taxa, rates of species accumulation are 
expected to slowly decrease with more sampling. 

In this study, the rate of species accrual was greatest for leaf litter sampling at all elevations 
(Fig. 8-2). Beating, however, captured new species (low redundancy; Table 8-1) at all elevations. 
When combined with the leaf litter samples, the resulting species accumulation curve had a grea
ter rate of species accrual at all elevations except 1240 m (site of greatest redundancy). 

Accumulation curves plotted as a function of species occurrences differed little from curves 
plotted as function of number of samples (Fig. 8-3; 8-4 ). This suggested that the habitats do not 
differ in species density or that the habitat structure at each elevation did not differ in ways to 
influence the effectiveness of the litter and beating methods method. Species occurrence may be 
more important when comparing inventories across different habitats like grassland to forest, or 
comparing dry season sampling to wet season sampling. 

Another factor to consider besides rate of species capture is cost of processing. Though not 
measured systematically in this study, the beating transect samples on average were processed in 
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two days oflaboratory work, while each 50 sample leaflitter transect took 30 days of laboratory 
work. Beating transects are process efficient because of the small number of specimens per spe
cies. Overall, the beating method, which captured fewer species at a slower rate than leaf litter 
methods, is recommended as part of the standard ant inventory protocol because of the low cost 
in processing and because beating captures species not collected by leaf litter methods ( 19 spe
cies in this study; Table 8-1 ). 

The relative ranking of species richness values based on leaf litter sampling did not change 
with the additional 25 samples at the three lower sites, which also had the highest species rich
ness (Fig. 8-4, Table 8-2). The relative ranking of between-elevation pattern of species richness 
stabilized after a few stations (Fig. 8-4, Table 8-2). Plotting species accumulation as function of 
samples (Fig. 8-4a) or species occurrences (Fig. 8-4b) had little effect on the relative ranking of 
species richness at each elevation. Based on this analysis, the standard ant protocol used at nume
rous sites on Madagascar of 50 samples (FISHER, 1999b) is sufficient to compare relative ran
king of species richness and there is little to be gained by adding 25 more samples, which involve 
an additional 15 days of lab processing. In this study, these 15 additional days of work per 25 
samples (total of 45 days) produced 8 species at 400 m, 15 species at 780 m, and 14 species at 
1240 m. Overall, additional sampling beyond the standard 50 samples is only recommended in 
cases where there is a greater need for completeness at a site. 

With the current goal to map an overview of ant diversity in Madagascar to undergird 
conservation and evolution research, effort would be better spent sampling additional localities 
with the standard 50 sample leaf litter and 25 sample beating protocols rather than spending addi
tional time collecting at a single site. This strategy will best address our current lack of knowl
edge of ants for most areas of Madagascar, and thus provide baseline data for conservation work 
in Madagascar and provide needed specimens for understanding ant evolution. 

Elevational gradient 

This study is important because it offers the rare chance in Madagascar to look at the change 
in biotic assemblages along a continuous gradient of forest from 400 to 1860 m. Previous studies 
on ants have often lacked inventories below 750 m (FISHER, 1999b). Despite this difficulty in 
finding lowland forest a consistent picture of ant species richness patterns along elevational gra
dients had emerged. Species richness increased until mid-elevation (ca 800 m) and then rapidly 
declined (FISHER, 1999b). In this study, however, 400, 780, and 1240 m were very similar in 
total species richness when measured by beating and leaf litter methods (Fig. 8-3, 8-4). These 
results differ by having a reduced 780 m species richness, while a similar 400 and 1240 m rich
ness value is consistent with previous work. 

General collecting, however, produced the greatest number of species at the 780 m site, 
many of which are normally caught by the litter technique. One hypothesis for the reduced num
ber of species captured by the leaf litter and beating methods is that differences in habitat or wea
ther (e.g., dryer conditions brought on by a lack of rain) resulted in fewer individuals captured 
and thus fewer species. A comparison of species occurrence accumulation curves suggest other
wise (Fig. 8-3, 8-4). Based on a similar number of species occurrences, the 400 m site still had a 
greater number of species than the 780 and 1240 m site. Another hypothesis is that the 780 m 
transect site was by chance lacking an important microhabitat such as rotten logs. Ants specific 
to this habitat were therefore missed by the leaf litter and beating methods but captured else
where at that elevation in general collecting. This explanation is supported by the observation 
that many of the species that beating and leaf litter techniques failed to collect were eventually 
collected in rotten logs and sticks by general collecting methods. 

Faunal distinctness and species turnover measures (Table 8-3) support a division of the ant 
fauna into two assemblages, one occurring in lowland forests :S: 780 m and the other in mon
tane forests greater than 1240 m. Between adjacent sites, species turnover was greater between 
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780 and 1240 m than between 400 and 780 m. In previous studies in the Pare National (PN) 
d'Andringitra, in the RS d'Anjanaharibe-Sud, on the western Masoala Peninsula, and PN d'An
dohahela, mid-elevation sites (ca. 800 m) had the highest rate of species turnover (FISHER, 
1996; 1998; 1999a). Despite a lack of mid-elevation peak in species richness, species turnover 
was greatest at middle elevations. This is consistent with other studies on ants in Madagascar that 
show a distinct lowland and montane ant assemblage (FISHER, 1996; 1998; 1999a). On the 
Manongarivo Massif distinctness measures, however, show a slightly different pattern, where 
1240 and 1580 m had a slightly greater value of distinction than the 780 and 1240 m sites. This 
may have occurred because of the dramatic drop in species richness from the 1240 m site to the 
1580 m site or may reflect a disjunct high montane assemblage that occurs in northern Mada
gascar. Further studies at the adjacent Tsaratanana Massif, which is the highest in Madagascar, 
are needed to further evaluate this possibility. 

Biogeographic affinities 

The recent completion of the revision of dacetine ants (Strumigenys: FISHER, 2000) and 
Pyramica: BOLTON, 2000) permitted an analysis of the biogeographic relationships of the ant 
assemblage from RS de Manongarivo with other sites throughout Madagascar (FISHER & GIR
MAN, 2000). Specifically, this study provided a means to assess aspects of the zoogeographic 
affinities of the Sambirano region. 

Biogeographic divisions in Madagascar based on plant data have often included a distinct 
Sambirano region in the northwest (reviewed in LOWRY & al., 1997). The Sambirano Domain 
is defined as low elevation(< 800 m) forest in a narrow portion of the northwestern coast where 
the moist climatic conditions typical of the east extend to the west coast. FISHER & GIRMAN 
(2000) used Parsimony Analysis of Endemism to analyze patterns of endemism of dacetine 
across numerous sites on Madagascar, principally in the east and on the Manongarivo Massif. 
Their results show that the montane forest sites of Manongarivo (1240- 1860 m) are faunisti
cally close with the montane sites of the eastern slopes of Anjanaharibe-Sud (1180-1995 m), for
ming a northern highland group. The Manongarivo lowland forest sites (400-780 m), however, 
did not group with the other eastern lowland site. The lowland forests of Manongarivo formed 
an isolated clade but shared unique taxa with two southern sites of Vohibasia and Isalo and the 
northern site of Montagne d'Ambre. This suggests that they are more closely related to western 
than to central and eastern forests. Thus, these data are supportive of HUMBERT's ( 1965) assess
ment of the montane zones of the Manongarivo Massif having strong biogeographic relationships 
to the Central Domain. For ants, however, further evaluation of the lowland areas of the Sambi
rano region and other areas in the west will be necessary before the affinities of these animals 
across this zone, as well as patterns of local endemicity, are sufficiently clear to be able to test 
the separation for the Sambirano Domain (sensu HUMBERT, 1965). 

The northern montane sites hold a disjunct group of endemic species. The montane forests 
ofRS de Manongarivo and RS d'Anjanaharibe-Sud grouped in a separate clade from the adja
cent lowland sites from these same mountains. FISHER & GIRMAN (2000) offer two hypo
theses to explain these disjunct distributions: (1) long distance dispersal or (2) vicariance. 
Though dispersal cannot be ruled out as an explanation, the dynamic environmental history of 
the island during the Pleistocene may explain the current distributions. During cooler periods, 
montane forests belts may have spread to lower altitudes, forming a contiguous zone of montane 
forests between these mountains (BURNEY, 1997 and references therein). Montane vicariance 
occurred when the climate warmed and montane ant populations became isolated on mountain 
tops. RAXWORTHY & NUSSBAUM (1996) to explain disjunct montane distributions of rep
tiles also suggested this model of climate-induced vicariance. 
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Conclusion 

The inventory of RS de Manongarivo addresses the urgent need to map biodiversity in 
Madagascar. Given the current levels of habitat loss and continued high rates of deforestation, 
this map is vital for effective conservation practices on the island. Now is the time to document 
and analyze biodiversity within the island before the chance to develop effective conservation 
strategies is forever lost. The ant study demonstrates that the tools are in place to efficiently col
lect and process diversity data on ants across the island. However, the final stages of this effort 
are seriously impeded by a lack of trained taxonomists to describe and identity the newly disco
vered taxa. To effectively map arthropod diversity across the island and to rapidly apply this data 
to conservation efforts requires the development of a national entomological collection in Mada
gascar and the training of Malagasy scientists in curation, identification, and taxonomy. We must 
foster a new generation of host-country scientists capable of conducting and continuing the map 
of biodiversity. 
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