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Effects of transhumance route on the richness and
composition of bird communities in
Tsimanampesotse National Park
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ABSTRACT

In southwestern Madagascar, livestock (cattle) is a major source of
income for the human population and is of tremendous cultural
importance. In this subarid region, the farming system faces an
extreme climate and has to cope with little food and water re-
sources for several months a year. Local farmers overcome these
difficulties in the form of transhumance and roaming of cattle in
the forest at Tsimanampesotse National Park. The former strategy
uses routes directly through the park twice per year. To assess
possible effects of the transhumance and associated human acti-
vities on birds, we compared the composition and abundance of
birds at one control site and two sites along the trail of transhu-
mance in the forest of Tsimanampesotse National Park from Ja-
nuary to May 2012. The results showed that the abundance of
birds declined near the trail of transhumance. Ten species of birds
were hunted during the transhumance to meet the daily needs of
the herders. We interpret the lower density of birds along the trail
of transhumance as a consequence of hunting, especially for
large and terrestrial birds such as Coua spp. Cattle activities (tram-
pling, grazing) do not seem to bird communities.

RESUME

Dans le Sud-ouest de Madagascar, I'élevage (zébus, chevres,
moutons) est une source majeure de revenus pour la population
et représente une importance culturelle. Dans cette région sub-
aride, le systeme d'élevage est soumis a un climat extrémement
sec et fait face a un manque de nourriture et d'eau pendant plu-
sieurs mois par an. Pour faire face a ces difficultés, les éleveurs
pratiguent la transhumance et laissent divaguer le bétail dans la
forét du Parc National de Tsimanampesotse ; cette stratégie a ain-
Si ouvert une piste qui traverse le parc. Traditionnellement, a sa-
voir avant l'intensification de vol de bétail sur le plateau Mahafaly,
les zébus étaient menés de la plaine cotiére au plateau des le dé-
but de la saison des pluies lorsque I'eau était disponible. A la fin
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des pluies, I'eau devenait rare sur le plateau et les zébus retour-
naient sur la plaine cotiere, en traversant ainsi le parc une
deuxieme fois. Ce parc est classé parmi les zones abritant une ri-
chesse biologique unique, il est la seule aire protégée sur le litto-
ral du Sud-ouest de Madagascar et sur le plateau calcaire
Mahafaly. La particularité de la flore et de la végétation du parc se
manifeste par différents types d'adaptation a la sécheresse et a la
chaleur. La richesse faunique est caractérisée par des espéces a
la fois endémiques et menacées avec une diversité d'oiseaux qui
pourrait étre affectée par des activités anthropiques dans le parc.
Pour évaluer les effets possibles de la transhumance sur I'avi-
faune, la composition et I'abondance des oiseaux, un site de cont-
rOle a été comparé avec deux sites distribués le long de la piste
de transhumance dans la forét du Parc National de Tsimanampe-
sotse de janvier a mai 2012. Les résultats montrent que I'abon-
dance des oiseaux diminue le long de la piste de transhumance
alors que la richesse spécifique n'est pas affectée. Dix especes
d'oiseaux sont chassées pendant la transhumance pour répondre
aux besoins quotidiens des éleveurs. La densité plus faible des oi-
seaux le long de la piste de transhumance est interprétée comme
un résultat de la chasse, en particulier les oiseaux les plus grands
et les terrestres tels les especes de Coua. Le piétinement des zé-
bus qui errent a proximité de la piste durant la transhumance
pourrait également affecter le sous-bois, I'habitat de certains oi-
seaux mais la chasse semble rester le facteur anthropique princi-
pal affectant les communautés d'oiseaux dans le parc. La
transhumance est une stratégie efficace pour le systeme d'éle-
vage dans les zones subarides mais elle représente un risque par
I"'ouverture aux ressources naturelles dans le parc.

INTRODUCTION

Madagascar is one of the world’s most important centers of biodi-
versity (Ganzhorn et al. 2001, Joppa et al. 2013), with exceptionally
high species diversity and levels of endemism in all major taxono-
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mic groups including birds (Goodman and Benstead 2005, Raheri-
lalao and Goodman 2011). In southwestern Madagascar the
202,525 hectares Tsimanampesotse National Park was created to
protect the unique biological richness of the region and plays a
key role in the conservation of the regional bird community, com-
prising at least 112 species (Goodman et al. 2002). Unfortunately,
the remaining natural habitats are under pressure from human
activities (Blanc-Pamard and Ramiarantsoa 2003, Primack and Rat-
sirarson 2005, Brinkmann et al. 2014).

In the region, livestock (zebu, Bos taurus, the most common
cattle in Madagascar, goats Capra hircus and sheep Ovies aries) is
a major source of income for the human population (Feldt 2015).
The area is characterized by an extremely dry climate and shor-
tage of food and water for several months (Raherilalao and Wilmé
2008). Breeders have developed a strategy to overcome those dif-
ficulties in the form of transhumance and roaming. Transhumance
is defined as seasonal migration of livestock from one pasture to
another (Nedelea and Comanescus 2009). The park is crossed by
several routes of transhumance and the forest is used for zebu
grazing throughout the cool dry season, from April to October
(Projet SuLaMa 2011, Ratovonamana et al. 2013). Transhumance is
a traditional farming system in this region which had existed be-
fore the creation of the park (Project SuLaMa 2011). In 1927, Tsi-
manampesotse was created as a Strict Nature Reserve (RNI'N. 12
Tsimanampetsotsa) of 42,300 hectares, and became the National
Park N. 16 of Tsimanampesotse in 2002, that was extended to-
wards the south in 2009, and extended to a total area of 202,525
hectares in April 2015 (MEEMF 2015). In the traditional transhu-
mance zebus and to a lesser extent also sheep are brought from
the coastal plain to the Mahafaly Plateau at the beginning of the
wet season (October/November) when water is available on the
plateau. By the end of the wet season (March/April), water be-
comes scarce on the plateau and the zebus are taken back to the
coastal plain, thus crossing the park twice. While the transhu-
mance itself only takes about two days (one way), the trails are
used to transport a variety of goods throughout the year. Thus, the
trails are the source of a variety of possible disturbances for fauna
and flora. Humans need firewood and probably collect other fo-
rest resources as they are encountered along the trail. Further, li-
vestock roaming in the forest can destroy the undergrowth
(Ratovonamana et al. 2013) and thus have a negative impact on
habitat quality of birds (Soarimalala and Raherilalao 2008). In order
to come to a better understanding of the effects of anthropogenic
impacts on Madagascar’s native fauna, we are assessing the ef-
fects of the transhumance trail through the park on the communi-
ty composition and density of birds. Our working hypothesis was
that bird communities would be affected negatively in the proxi-
mity of the trail of transhumance.

METHODS

STUDY SITE. The study was carried out in Tsimanampesotse

National Park (E043°46'-43°50', S24°03'-24°12") between Ja-
nuary and May 2012 at an altitude between 38 and 114 m on the
Mahafaly Plateau. The region is characterized by a sub-arid biocli-
mate (Cornet 1972) with annual rainfall of 350 mm to 500 mm
(Blanc and Paulian 1996, Dewar and Richard 2007). Inventories
were carried out in three different sites in the Tsimanampesotse
National Park. Site 1 was the control site, located about 1 km away
from the transhumance route and characterized by intact vegeta-
tion where human disturbances are limited. Sites 2 and 3 were lo-
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cated along the route of transhumance that is used by local
people for moving between the plateau and the littoral zone, or
for livestock roaming or for transhumance. Site 2 is located at the
beginning of the route and Site 3 in the middle (Figure 1). The ve-
getation types of the different study sites area depend on the type
of soil at each site and were classified according to Ratovomana-
na et al.in 2011 (Table 1).

BIRD SAMPLING. The composition and abundance of birds

were recorded with point counts (Bibby et al. 2000, O'Dea et
al. 2004). Points were spaced at 100 m intervals along 900 m tran-
sects to minimize the probability of counting the same individual
on two successive points (Ravokatra et al. 1998, Raherilalao 2006).
At each point, all birds seen and heard were recorded within a
radius of 25 m around the point for ten minutes. Transects were
placed in parallel and spaced at a 200 m distance to each other.
Ten transects were established at Site 1 and five transects were
surveyed at Site 2 and five at Site 3. Inventories were conducted
from 0530 to 0830h when the activity of diurnal bird is maximal.
Each point was surveyed at least five times from January to May
2012. The number of bird species and the number of individuals
were averaged per point.

ANTHROPOGENIC IMPACTS. Anthropogenic impacts could

either be linked to the activities of zebu (such as trampling,
grazing, opening up the forest) or be directly linked to human acti-
vities. To measure these impacts, a plot of 10 m x 10 m was pla-
ced around each point count at Sites 2 and 3. As a proxy for
disturbance by zebus, we counted the number of zebu feces per
100 m2 and that are not completely dissolved and not very dry. As
measures for human disturbance we recorded the amount of
woody debris the number of coarse and fine woody debris > 3 cm
in diameter that were on the ground), assuming that people col-
lect dead wood for firewood as they walk along the trail. Informa-
tion on hunting and the consumption of birds was collected by
interviews and direct observations in the villages of Marofijery
(E043°37", S24°02") and Efoetse (E043°51', S23°04'). In each village
ten people (who have zebu that carried out the transhumance)
were interviewed individually.

DATA ANALYSIS. Species similarities between sites were

compared based on the presence of species at each site ac-
cording to the Jaccard index (Magurran 2004). In order to decide
on whether or not the Jaccard indices showed a significant diffe-
rence between sites, we compared the calculated values with va-
lues provided by the table for p = 0.05 provided by Real (1999).

Single factor analysis of similarities (ANOSIM) (Clarke 1993,
Clarke and Gorley 2001) was used to compare the three study
sites using ‘PRIMER’. Apart from the presence of species, this
comparison also includes the number of individuals per species in
the calculation of community similarity. First, we compared the
bird communities between different sites (Sites 1, 2, and 3) and
second, between the reference Site 1 and the combined sites
(Sites 2 and 3) along the transhumance.

We used the mean number of species and individuals recor-
ded at each point as the unit of analysis. The number of bird spe-
cies and individuals did not deviate from normality
(Kolmogorov-Smirnov-test: p> 0.05). ANOVA was used to compare
the number of species and number of individuals between sites.
Numbers of bird species and individuals were related to the mea-
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Figure 1. Vegetation types and location of the three study sites in the Tsimanampesotse National Park in subarid southwestern Madagascar. The classification of

vegetation follows Ratovonamana et al. (2011).

sures of disturbance by zebu (= number of feces) and humans (=
availability of dead wood). The two factors are summarized by the
distances to the trail of transhumance using correlations and mul-
tiple regression analyses (Waite 2000). SPSS 9.0 (1999) was used
to analyze the data. Data on anthropogenic pressure have been
log10-transformed to achieve normality.

RESULTS

At all three sites 6,359 individuals of birds were recorded. These
were represented by 55 species: 53 species at Site 1, 41 at Site 2,
and 39 at Site 3 (Supplementary Material Table S1).

BIRD SPECIES SIMILARITIES BETWEEN SITES. The mean

number of species recorded per point did not differ between
Sites 1 and 3, but was significantly lower at Site 2 than at Sites 1
and 3 (ANOVA: overall model: F = 8.80, p < 0.001; Table 2). The
mean number of individuals was significantly lower at Site 3 than
at either Site 1 or Site 2 according to Scheffe's post-hoc test
Table 1. Percentage of vegetation types present at the three study sites.

Degraded forest is a forest that has undergone disturbance like logging or
roaming.

Name Vegetation Site1 | Site2 | Site 3
Spiny forest Intact spiny forest 1%
o Intact xerophytic thicket 18% 56% 30%
Xerophytic thicket
SARpic BHCee Degraded xerophytic thicket 34%
Biiforest Intact dry forest 1% 10% | 38%
¥ Degraded dry forest 32%

(ANOVA: overall model: F = 18.36, p < 0.001). The number of indivi-
duals per point did not differ significantly between Sites 1 and 2
according to Scheffe's post-hoc test.

Based on the presence and absence of species at each site,
the comparison via Jaccard indices showed that Sites 2 and 3
(0.77) were the most similar. Sites 1 and 3 (0.67) differed most
(Table 3). None of these values indicate a significant difference of
species similarities between sites (Real 1999).

COMMUNITY  SIMILARITIES BETWEEN SITES. Taking the

abundance of the various species into account, the ANOSIM
analysis indicated that the bird communities of the three sites
were significantly different with p < 0.001 (R = 0.76). Site 1 also dif-
fered from the combined sites along the trail used for the transhu-
mance (Sites 2 and 3; R = 0.82, p < 0.001).

ANTHROPOGENIC IMPACTS. The number of bird species and

individuals decreased significantly from the edge to the fo-
rest interior at the control site (Site 1, Table 3, Figure 2). In
contrast, the number of bird species and individuals increased si-
gnificantly with increasing distance to the trails of transhumance
at Site 2. At Site 3 the number of bird species and individuals also
increased with increasing distance to the trail, here, the correla-
tion between the distance to the trail and the number of bird spe-
cies was significant while the distance and number of individuals
were also related positively but the correlation was not significant
(Figure 2).
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Table 2. Number of bird species and number of individuals per point count at
Sites 1-3. (values are means + standard deviations. At Site 1 each point is based
on data from 10 transects; at Sites 2 and 3 each point is based on data from 5
transects per site. Statistics at the bottom of the table are based on Pearson
correlations between the number of species or individuals and the distance)

Site 1 Site 2 Site 3

Point Numbgrof Numperof Numbgrof Numberof Numbgrof Numberof
species | individuals | species | individuals | species | individuals
P1 | 11617 | 199423 | 76+16 106422 | 9.8+1.3 17.0£2.4

P2 | 126+15 | 21739 | 88+08 135+2.7 | 106409 | 23.9+5.1
g‘ P3 | 13.0+1.8 | 222461 88+09 | 12.7+107 | 109+14 | 208+44
[ P4 | 113424 | 17756 | 8908 123426 | 105+11 | 19.6+46
% P5 | 11.6+23 | 17.0£3.1 9.1+12 129424 | 10417 | 244476
2 P6 | 105+1.3 | 148+33 | 94x15 178+34 | 114+08 | 263452
% P7 | 10.7+1.3 | 162+26 | 102+10 | 18.7+43 | 108+1.1 | 28183
g P8 | 11.8+14 | 171+20 | 11.7+09 18.1+4 11.0+08 | 235+39
P9 | 109+25 | 155+32 | 10417 | 154436 | 11.0+136 | 225+4.0
P10 | 9.3x17 135422 | 105+20 | 149+21 | 118+08 | 235:44
Mean | 11.3+1.0 | 16437 | 96+12 147428 | 108+06 | 18.0+4.8

£ -0.72 -0.85 0.88 0.68 0.72 0.51

p 0.02 0.002 0.001 0.029 0.009 0.13

Indicators for anthropogenic pressure (woody debris, number
of zebu feces) were measured only at the points of Sites 2 and 3.
Therefore the following analyses had to be restricted to Sites 2
and 3.The number of bird species and individuals recorded per
point was correlated significantly with the abundance of woody
debris (Species: r = 0.733, p < 0.001; Individuals: r = 0.699, p <
0.001, N = 20). The number of bird species was uncorrelated with
the number of zebu feces (r = 0.242, p = 0.304) but the number of
individuals was correlated significantly with the abundance of ze-
bu feces (r = 0.482, p = 0.031). Taking site effects into account in
analyses of covariance, the abundance of woody debris remained
a significant predictor for bird species and individuals while the
abundance of zebu feces became insignificant (Table 4).

HUNTING. According to the 20 interviewees from the villages

of Marofijery and Efoetsy, about 30-50 zebus carry out the
transhumance with at least two people to attend herds. The trans-
humance across the national park and takes one day and one
night. During this time, about two birds are consumed by two or
three people. The number and species of birds consumed during
transhumance is represented in Figure 3. Seventy percent of inter-
viewees (men and women who had participated in the transhu-
mance) consumed Coua cursor, followed by Numida meleagris
consumed by 50% of the villagers. Turnix nigricollis is little used
because it is taboo for some villagers, even though all villagers
come from the south-west but from several different families. In
fact, 5% of the villagers surveyed ate this species. However, bird
hunting is not only during transhumance period but during all dai-
ly activity of humans. The interviews have also shown that hu-
mans hunted birds whenever they are encountered.

Table 3. Pairwise comparisons based on the Jaccard index, and results of the
comparison between pairs of sites according to ANOSIM; based on the relative
abundance of birds. (values are R-values as calculated by ANOSIM; all
comparisons are different with p < 0.05)

Jaccard index R values (ANOSIM)

Site 2 Site 3 Site 2 Site 3
Site 1 0.70 0.67 0.80 0.83
Site 2 0.77 0.66
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Figure 2. Bird species and individual numbers from the forest edge (Site 1) or the
trail of transhumance (Sites 2 and 3) towards the forest interior.

DISCUSSION

In this study we assessed possible effects of the transhumance
through Tsimanampesotse National Park on the community com-
position and density of birds. We used one control site and two
sites along the route of transhumance. While densities of different
bird species varied between sites, indicating different habitat qua-
lities of the different sites (Collin 1996), the inventories did not re-
veal any difference in bird species composition between the three
sites. The lack of differences in species composition is surprising
as the three sites include different vegetation formations, ranging
from dry forest to degraded spiny bush (Ratovonamana et al.
2011). The lack of differentiation might be due to our sampling
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Table 4. Impact of human activities (measured by the abundance of dead wood)
and zebus (measured by the abundance of zebu feces) after corrections for site
specific effects at sites 2 and 3. (values are F-values according to analyses of
covariance)

Bird species Bird individuals
Site 2.25 12.07*
Dead wood 9.21™ 5.50*
Zebu feces 013 0.06

that was not designed specifically to assess possible differences
between vegetation formations or probabilities of bird detection
likely varied between points. Alternatively, it could reflect the need
of the various bird species to avoid tight habitat specializations in
this region that is characterized by unpredictable rainfall and large
fluctuations in ambient conditions (Dewar and Richard 2007, Rato-
vonamana et al. 2011). Similarly to the situation in birds, neither
lemurs nor reptiles show pronounced differences in densities or
species composition in relation to habitat degradation at Tsima-
nampesotse (Rakotondranary et al. 2010, Raonizafinarivo 2013).

In contrast to the general characteristics of the bird com-
munities at the three sites, birds responded differently at the two
sites along the transhumance than at a site without pronounced
human impacts. At the sites of transhumance, bird species num-
bers and less consistently also their abundance increased to-
wards the forest interior with increasing distance to the trail, while
at the protected site, their numbers decreased from the forest
edge to the interior (Figure 2). Such an edge effect is to be expec-
ted as edges tend to be more productive and allow species with
different specializations to overlap (McCollin 1998).

The reversed situation along the trail of transhumance, which
can be considered either as equivalent to a forest edge or simply
as a linear structure in an otherwise continuous forest, calls for an
explanation. According to our original hypotheses and based on
the increase of bird species with increasing distance to the trail,
we expected some kind of anthropogenic impact along the trail of
transhumance. These impacts could either be linked to the pre-
sence of zebu or to the presence of humans. The abundance of
zebu feces was not linked to bird species or bird individuals in any
systematic manner. Thus, zebus during the transhumance do not
seem to have any systematic effects on the birds in the vicinity. In
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Figure 3. Percentage of people who consumed bird species during the
transhumance.
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contrast, human presence as indicated by the collection of fire
wood (measured as the declining availability of woody debris)
seems to have a consistent negative effect on bird species and
individual numbers. We cannot provide a causal link between hu-
man presence and the reduction of bird abundances. Hunting
along the trail may be one component effect on bird species, spe-
cifically for birds that are likely to be hunted only in passing, or li-
ving around camp sites. The impact of hunting and bushmeat
seems to be more important in Madagascar than people had
thought. It is a vital part of the rural economy throughout Mada-
gascar (Golden 2009, Sabel et al. 2009, Jenkins et al. 2011) and
important also in the Tsimanampesotse area (Walker and Ranfelia-
risoa 2012) with profound effects on population densities of Ma-
dagascar’s native fauna. For the avifauna, large terrestrial birds
such as Coua spp. are the most hunted in Madagascar (Goodman
and Raherilalao 2013). According to the result of interview in this
study, Coua spp. are also the most consumed by the human popu-
lation in our study area.

Transhumance and the zebus themselves are unlikely to re-
present a threat to the native bird community as the duration of
the transhumance is short. But the trail is used to commute bet-
ween the plateau and the littoral for a variety of purposes. Even
small effects such as undergrowth destruction might add up over
the year and result in the observed pattern of bird distributions. As
a further potential threat, herds continue to graze in the park with
important consequences for forest regeneration and probably al-
S0 the negative consequences imposed by people as observed
along the trail of the transhumance.

To sum up, bird species number and densities were lower
along the trail of transhumance than elsewhere. Ten species of
birds were hunted to meet the daily needs of people travelling
along the trails of transhumance. Thus, while the transhumance it-
self does not seem to affect bird communities, hunting associated
with the transhumance as well as with other activities may re-
present one of the threats to birds in particular for the largest and
most terrestrial birds such as Coua spp.
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