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Résumé. Le bassin de la rivière Sinnamary comporte une succession d'habitats, de la forêt primaire à la forêt 
sur cordons sableux de la plaine côtière récente. En prenant comme référence une détermination de l'avi- 
faune de sous-bois en forêt primaire non dépendante d'un bassin versant (I'), nous avons déterminé qual- 
tativement et quantitativement par la méthode des captures-baguages la population d'oiseaux sur quatre 
habitats différents: 1) une forêt haute de terre ferme sur bassin versant (B); 2) un gradient de recrus fores- 
tiers de cinq à vingt ans (forêt secondaire) (S); 3) une forêt ripicole inondable pluristratifiée @); et 4) une 
forêt sur cordon sableux ancien proche de l'embouchure (E). L'activité journalière, la densité, la biomasse 
aviaire sont analysées dans ces formations végétales. La composition de l'avifaune est comparée dans les 
différents habitats en utilisant comme unité de densité relative le nombre d'individus capturés pour 100 
heures par 100 m filet de mailles de 19 inm. Les populations d'oiseaux sont caractérisées: 1) en forêt pri- 
maire par une présence importante d'insectivores, surtout des spécialistes capturant leurs proies sur la 
végétation (gleaners, IF) et des petits frugivores mangeurs de baies, l'espèce la plus importante étant le 
fourmilier PifLys albrj%oiis; '2) en forêt secondaire existe la plus vaste gamme de guildes et d'espèces; 42 
d'entre elles se retrouvent dans au moins deux autres milieux; et 3) en forêt ripicole il y a très peu de grani- 
vores et de nectarivores aux strates inférieures. Les pics et les grimpars comme GCyphoychus spimm , les 
Pipridae l'$va aureola et Mafiacm maizacus, sont les espèces représentatives de cet habitat. La forêt sur cor- 
don sableux ancien présente une avifaune très différente. Seules dix espèces sont communes avec au moins 
deux autres habitats mais aucune des cinq espèces dominantes ne sont présentes; 20 espèces sont spécifi- 
ques. Nectarivores et granivores forment les constituants caractéristiques de cette population relativement 
riche aussi en espèces capturant au vol des insectes (sallying, IA). .LLxa~ilia leumgasfer, Galbulagalbula, sont 
parmi les espèces les plus caractéristiques de cet habitat. La forêt primaire de la vallée de la Sinnamary est 
d'une grande diversité, semblable aux données de référence de captures dans d'autres forêts primaires de 
Guyane. 

Abstract. Along the Sinnamary basin in French Guyana (South America) a succession of forest types occurs 
from the Ridge forest at the mouth of the river to the primary rain forest on the slopes of the narrowing 
valley 100 km to die south but only 35 m above sea level at the upper part of the dam reservoir of Petit- 
Saut. The aim of the present work was to determine die relationship between bird community structure 
and river zonation. This study will point out the variations in species richness and trophic structure for 
understory avifaunas in four forest habitats of the Sinnamary basin : 1) Sinnamary river mature rain forest: 
slopes of the valley at less than 100 m from the Sinnamary river and at 100 km of the mouth ; 2) Secondary 
forest (25 km from die mouth): from clear cuts at various stages of growth; 3) Riparian forest on wet, sea- 
sonally flooded bottom-flats; 4) Ridge fo:est: close to the mouth of the river on sand Ridges. Understory 
avifaunas for these habitats are comparef each other as well as with those of mature primary rain forest 
habitats found outside the Sinnamary basp. Cumulative curves, daily activities and biomasses are not sig- 
njf~cgtlx different between habitats. Hobever, the principal component analysis shows marked differ- 
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ences in understory bird community composition between these habitats. The habitats are ranked in order 
of their distance from the sea along the Sinnamary River. The Sinnamary river mature rain forest under- 
story bird composition is similar to that of the reference primary forest. The highest diversity for gleaning 
insectivore and frugivorous species was found in the Sinnamary mature rain forest. The Secondary forest 
had the highest number of species captures. The Riparian forest was characterised by a relatively high 
number of gleaning insectivores and a lack of terrestrial insectivores, granivores and nectarivores. The 
Ridge forest was markedly different from the other habitats; only ten species found in this habitat were 
present in at least two of the other forest types, 20 species were unique to this habitat, mainly Picidae and 
nectarivores. ,4rcepted 20 March 1997. 

I@ words: Utiders f o g  av$atma, gziddJ, tropìcaljöresh Fred Gtyatta, Soi& Anietica. 

INTRODUCTION 

Each habitat possesses a characteristic bird 
population composed of specialists, general- 
ists and accidental species. Along a river, bio- 
logical approaches to river continuum stem 
from the observations that there exists an 
upstream-downstream succession of species, 
which can be divided into zones. Structuring 
of bird communities in relation to fluvial sys- 
tems and the architecture of alluvial land- 
scapes has been studied in Europe (Roché & 
Frochot 1993). In tropical America, informa- 
tion on the structure of neotropical bird com- 
munities is scarce and refers mainly to mature 
tropical forests based on the alpha diversity of 
small areas of relatively homogeneous habi- 
tats (Lovejoy 1974, Karr et na! 1982, Whittaker 
1977). 

The beta diversity in forest bird assem- 
blages compares how similar communities are 
structured between two tracts of different 
types of forests (Monkkonen 1994). Along 
the Sinnamary basin, in French Guyana 
(South America), a succession of forest types 
occurrs from Ridge forest at the mouth of the 
river (de Granville 1986) to primary rain for- 
est on the slopes of the narrowing river valley 
100 km to the south but only 35 m above sea 
level, at the upper part of the dam reservoir of 
Petit-Saut. 

During the impact study for the Petit-Saut 
dam in the central rain forest of French Guy- 

ana, in an area of less than 5 km’, 282 species 
were observed (Anonymous 1988) compared 
to the total of around 710 species assumed to 
be in the entire country. In an area of 50 km2 
around the Petit-Saut damp 320 to 350 spe- 
cies are present. The species diversity is very 
high, but reliable quantitative information on 
the structure and composition of the bird 
community is difficult to obtain. The reasons 
are that most of the species are heard and not 
seen, and identification by their call requires 
considerable practice (Terborgh et na! 1990). 
Also, given the lack of quantitative informa- 
tion, the spot-mapping technique (Blondel et 
na! 1970) that is standard temperate zone cen- 
sus-methodology is seldom applied. 

The understory strata in lowland habitats 
(< 50 m) of French.Guyana have a high num- 
ber of species, around 23% of total species 
composition (Thiollay 1987). Terborgh (1985) 
estimated that the mist net technique (cap- 
ture-recapture), when used to quantify bird 
community structure provides a severely 
biased estimate, as no more than 40% of the 
species present in a tall forest may be cap- 
tured. Despite these sampling difficulties, the 
use of a standardised methodology (the mist 
net technique) provides the best method of 
simultaneous sampling from different habi- 
tats (Poulin et na! 1993). Mist-netting censuses 
are essential for research on tropical bird 
communities (Schemske & Brokaw 1991). 
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TABLE 1. Sites and netting dates for each habitat. See text for definitions. 

Habitat Site Netting dates Number of net-hours 
Primary forest: 5 sites 

Sinnamary forest: 3 sites 

Secondary forest: 3 sites 

Riparian forest: 3 sites 

Ridge forest: 2 sites 

P1 

P2 

P3 

P4 

P5 

B1 

B2a 

B2b 

B2c 

B3a 

B3b 

B3c 

s1 
s2 

S3a 

S3b 

s3c 

S3d 

S3e 

R1 

R2 

R3a 

R3b 

R 3 C  

El 

E2a 

E2b 

E2c 

E2d 

April-May 1990 

May 1991 

May 1991 

April 1991 

April 1991 

December 1993 

December 1993 

June 1994 

October 1994 

December 1993 

June 1994 

October 1994 

December 1991 

December 1991 

April 1994 

August 1994 

January 1995 

May 1995 

July 1995 

June 1994 

July 1992 

February 1995 

April 1995 

August 1995 

June 1994 

December 1994 

January 1995 

February 1995 

August 1995 

300 

157 

229 

214 

203 

193 

215 

188 

236 

240 

266 

247 

248 

21 6 

238 

266 

210 

23 8 

255 

255 

258 

264 

72 

60 

50 

200 

68 

60 

72 

The aim of the present work is to deter- 
mine, with such a gradient of forest habitat 
along the Sinnamary river, the convergences 
and the divergences among bird commun- 

ties. This study will point out the variations in 
species richness and trophic structure for 
understory avifaunas in four forest habitats 
of the Sinnamary basin in relation to the 
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TABLE 2. Understory avifauna predominant feeding guild composition in the five habitats: total and rela- 
tive number of species. FA arboreal frugivore; GR granivore; IA: sallying insectivore; IB: bark-dwelling 
insectivore; IF  arboreal, gleaning insectivore; IT: terrestrial insectivore; NI: nectarivore; OA: omnivore. 

Guild Primary f. Sinnamary f. Secondary f. Riparian f. Ridge f. Total 

FA 

YO 
GR 

YO 
IA 

YO 
IB 

YO 
IF 

% 

IT 

YO 
NI 

YO 
OA 

YO 

7 

12 

1 

1.7 

10 

17 

3 

5 

19 

32 

11 

18.6 

5 

8.5 

3 

5 

6 

9 

1 

1.5 

11 

16.5 

6 

9 

19 

28 

8 

12 

7 

10.5 

9 

13.5 

7 

9 

4 

5 

11 

15 

3 

4 

24 

32 

5 

11 

11 

15 

10 

13 

4 

10.2 

1 

2.6 

5 

12.8 

5 

12.8 

14 

35.8 

2 

5 

3 

7.7 

4 

10.3 

2 

4 

3 

6.1 

10 

20.4 

9 

12.2 

14 

28.6 

2 

4 

7 

14.3 

4 

8 

8 

5.1 

7 *  

4.5 

30 

19.2 

12 

7.7 

43 

27.5 

18 

11.5 

18 

11.5 

18 

11.5 

TOTAL 59 67 75 39 49 156 

understory avifaunas of rain forests beyond 
the Sinnamary basin. 

MATERIAL AND METHODS 

Netting sessions 
We investigated understory bird populations 
in different habitats along the Sinnamary river 
with the use of mist nets between 1990 and 
1995 Fable 1). Sampling dates were chosen 
mainly during the rainy seasons: October to 
February and April to August. Due to the dif- 
ficulties of access, to the cost of each expedi- 
tion to most of the sites, and to the poor 
capture rate after a two-days session, the 
number of sites is 16 for 29 sessions. At each 

site, mist-nets (2.2 x 12 m, 19 mm mesh) were 
operated for a 10-h period beginning at dawn, 
two days in a row (20 h per line). The nets 
were set tightly between poles to capture 
birds flying between 10 cm and 2.20 m above 
ground level. Nets were checked every 1-2 h, 
and closed temporarily during periods of 
heavy rain. Birds were weighed and marked to 
permit identification of later re-captures. 
Hour of capture was noted for use in assess- 
ing diurnal activity pattern. 

Habitat classification 
Each site was identified to habitat based on 
the marked differences in vegetation charac- 
teristics according to the descriptions of 
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TABLE 3. The five dominant species of each habitat ranked from 1 to 5 in decreasing order of mean fre- 
quency of occurrence per plot (and percentage of total captures). FA arboreal frugivore; IA sa!.lying insec- 
tivore; IB: bark-dwelling insectivore; IF: arboreal, gleaning insectivore; IT  terrestrial insectivore; FH: fish- 
eating bird; NI: nectarivore; OA: omnivore. 

Pipí-a seretia 

Pipra pipra 

Pipra attreola 

Matiam nzatiaciu 

Gbphoty ynchns spimm 

Cotiirostrtlm bicolor 

Pbaeomyiax mnriia 

Piths alb@ons 

Gymtzopìt,!ps mjìgda 

Hylopbìlax poecilotiota 

Forinicivora grisea 

Chlorocetyle aetia 

Tbalurat ìia jtrcata 

Glaucis hirsttta 

Anza~ilìa lemogaster 

Mioiiectes oleagitiea 

Rainphocelus carbo 

FA 

FA 

FA 

FA 

IB 

IF 

IA 

IT 

IT 

IT 

IT 

FH 

NI 

NI 

NI 

OA 

OA 

3 (5.5) 

1 (12) 

6 (3.1) 

2 (5.8) 

7 (3.1) 

5 (4.1) 

4 (5.5) 

3 (7.2) 
2 (13.4) 

4 (6.2) 

1 (18.5) 

5 (5.1) 

7 (2.0) 

10 (1.3) 

8 (2.3) 

Species Guild Primary f. Sinnamary f. Secondary f. Riparian f. Ridge f. 

~ 

Lindeman (1953) and de Granville (1986, 
1993). Four habitats found along the Sin- 
namary River are being compared with each 
other and with a fith habitat : mature primary 
rain forest outside the Sinnamary Basin. The 
rainfall is 20004000 mm. 

Matare Primay Raili+rext. Mature stands with 
a canopy exceeding 40m in height and emer- 
gent trees reaching 6Om; open understory 
and closed canopy on well-drained slopes 
and plateaux, including treefall gaps at vari- 
ous stages of regeneration. Most of the flow- 
ering occurs in September-October, and 
most of the fructification occurs in February- 
March (Sabatier & Puig 1986). One site was 

3 (5.9) 

1 (9.2) 

3 (8.2) 2 (11.6) 

6 (4.3) 4 (6.8) 

8 (3.7) 1 (11.0) 

5 (4.6) 

3 (9.3) 

2 (6.9) 

4 (4.7) 

2 (8.9) 

5 (5.3) 

10 (2.1) 5 (4.8) 

1 (20.0) 

4 (5.3) 6 (4.1) 6 (3.8) 

located in the Nouragues Nature Reserve 
(Pl), while the other four were located along 
the future road between Regina and Saint 
Georges; the closed large water courses are 
more than 20 km far away. To differentiate 
this habitats from the others one we will use 
the expression “Primary forest” in the text. 

Sinrzamay River Basiti +rest. 1) Sinnamary 
River valley Mature Primary Rain forest: 
located less than 100 m from the Sinnamary 
river in two locations: Saut Dalle (Bl) and 
Saut Aimara (B2, B3) at more than 75 km 
from the mouth on the upper part of the 
river. The forest is composed of tall, mature 
stands with open understory and closed can- 
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FIG. 1. Ordination of habitats and sites by the 
principal component analysis for the understory 
birds captures. P: Primary forest; B: Sinnamary 
forest; S: Secondary forest; R Riparian forest; E 
Ridge forest. See Table 1 for details. 

opy on well drained slopes and plateaux; no 
treefall gaps were noticed. To differentiate 
this habitats from the others one we wiU use 
the expression “Sinnamary forest” in the text. 
2) Secondary forest (25 h from the mouth): 
clear cuts at various stages of growth from 
dense bush 2-4 m high entangled with almost 
impenetrable vine (Sl), to 10-12 m small 
trees with dense undergrowth (S2). Site S3 is 
an 18 year old regrowth stage after a total 
deforestation. Its dominant vegetation is 
Caseana nisbyana, V i m i a  lat@lia, hliconia fragi- 
lis, Sa@m paucinervizim; most of the fructifica- 
tion occurred between March and September 
(D. Toriola, pers. comm.). Five netting ses- 
sions were done between April 1994 and July 
1995. 3) Riparian forest on wet, seasonally 
flooded bottom flats along watercourses 
(three sites at 3, 5 and 10 km from the 
mouth). The canopy is 20-30 m high; the low 
undergrowth is made of Cyperaceae and 
Melastomaceae. These strips of forest are 
100m to 500m wide, bordered by clearings 
covered with Malpighiaceae. 4) Ridge forest: 

close to the mouth of the river, growing on 
white sand soil, low bushes, 2-4 m high of 
Hibisnis tiliacezu (Malvaceae), bordered with 
Cactacae (Cerem hexagonzu), and large trees 
15-25 m high (Hj7zenaea courbai4 Protim hep- 
taphylhm, Tapiira gzianensis and Spondias mon- 
bin); the understory is mainly covered with an 
Arecacea (Astrocaryzm uzL&are). 

Data analysis 
Data analyses were performed with the ADE 
program 3.7 (Chessel & Doledec 1994). To 
establish the relationships between habitats, a 
principal component analysis was done with 
all the species (Maurer e t  a/ 1981). Species 
were weighted with regard to their relative 
density. To show the relationships between 
species and habitats, a correspondence analy- 
sis (Rottenberry & Wiens 1981) was done on 
the 47 most common species (those compris- 
ing at least 1.5% of the individuals in a given 
habitat). 

RESULTS 

Species richness azd abzmdance. For all five habi- 
tats a total of 1336 birds representing 155 
species in 30 families was captured. A list of 
all species captured with the number of cap- 
tures in each habitat is given in the Appendix. 
The highest capture numbers are for Pithy 
albifrons (110 birds) and P$rap$ra (115). Cap- 
ture rate is about the same in primary forests: 
0.26 and 0.25 captures per net-h. Capture rate 
decreases markedly in Secondary forest (0.18) 
and in Riparian forest (0.16), but is higher in 
the Ridge forest (0.48 captures/net-h). 

Dai4 activip. Capture times may be influenced 
by foraging behavior (Delauriers & Francis 
1990), therefore an activity index was calcu- 
lated for each habitat based on number of 
birds captured per hour during the first day of 
each mist net session. The main activity in all 
habitats occurred from 0600-1O:OO h: 57% 
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Primaryf. S h f .  Second.f. Ripar.f. Ridgef. 

Inezia subf&va 
Sakesphorus canademis 
Chrysolampis mosquitus 
Galbuka galbula 
Colwnbina passerina 
Formicivora grisea 
Conirostrum bicolor 
Amazilìa leucogaster 
Thamnophilus punctatus 
Polyhnus theresiae 
Thamnophilus doliatus 
Pipra aureola 
Dendrocincla Miginosa 
Phaeomyias murina 
Mìonectes oleaginea 
Volatinia jacarina 
Chlorestes notatus 
Claxis  hirsuta 
Hypocnemoides melanopogon 
Schiflomis turdinus 
Ramphocelus carbo 
Chlorocsryle aena 
MyrmotheruIn guttata 
Turdus albicollis 
Phaerfwmis superciLiosus 
Hylophilus ochraceiceps 
“nomanes  ardesiacus 
Phnethomis bourcieri 
Percnostola ru$”ons 
Myrnwiherula axillaris 
Thamnomanes caesius 
Manacus m a ~ c u s  
Plat rìnchus coronaius 
Taclyphonus surinamus 
Pipru erythrocephola 
Myiobus barbatus 
Myrmotheruta longipennis 
Myrmeciza ferru ineu 
Gymopithys ruffgula 
Mionectes macconnelli 
Campylopterus largipennis 
GIyphorynchus spirurus 
Hylophylax poecilonota 
Thalurania furcata 
Pipra serena 
Pirhys albi$+ons 
Pipra pipra 

152.5% =2.5-5.7% .5.7-8-6% 

mmm” 8.6-10% m +lo% 

FIG. 2. Correspondance analysis on the relative density for the 47 most common species in the five 
habitats. 

of the birds were captured during this period. 
After 1O:OO h, the activity decreased continu- 
ally in the Secondary forest and in the Ripar- 

ian forest where the canopy was sparse or 
very low. For the other habitats, after a 
marked decrease around noon (only 10% of 
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the birds were captured between 11:OO-13:OO 
h), the activity increased during the afternoon. 
From 16:OO h to dark, 14% of the birds were 
captured 

The relative size of each guild is the same 
for morning or evening. Some species were 
noticeably more abundant during the evening: 
Mionectes rnaconelli (45%) and &!. oleaginea 
(3O%), P/apynchzís satiiratus (30”/0), hbnnothe- 
d a  loigipennis (33”/0> and M. axil/ariJ (310/0). 
The evening activiq of these arboreal, glean- 
ing insectivores seems parallel with the 
evening emergence of nocturnal insects. 

Biomass distribdon. The total bird biomass 
(Appendix) and the mean individual mass 
(minimum 15.7 g for Primary forest, maxi- 
mum 20.5 g in Sinnamary forest) did not dif- 
fer significantly. Based on the mist-netting 
censuses (g per net-h), the biomass shows a 
large difference between the Ridge forest 
(8.1) and the four other habitats (3.2 to 5). 

Global chaqes. Figure 1 shows the principal 
component analysis for all the species for the 
29 sampling sessions and for the means in 
each habitat on axis 1 and 2. To reduce bias 
associated with species size, raptors are 
excluded from the analysis. The habitats are 
diagonalised between axes 1 and 2. They are 
ranked in order according to their position 
along the Sinnamary river. Axis l(inertia: 
35y0) separated Ridge (E) and Riparian (R) 
forest habitats from Primary and Secondary 
forests; Axis 2 (inertia: 14”/0) separated first 
Primary Q and Sinnamary (B) forests and 
also Ridge (E) and Riparian (R). The Primary 
forest bird population is similar to that of the 
Sinnamary forest. Riparian and Ridge forests 
have some similarities; the Secondary forest 
bird population is between the two groups, 
but well separated. 

Feeding guild comnposition. Table 2 shows the 
guild composition for each habitat. The distr- 

bution of species and individuals among 
guilds differs for each forest. The main g d d  
in all habitats is the arboreal gleaning insecti- 
vores (27 to 36% of the species captured). 

Primary, Sinnamary and Riparian forests 
are similar in their composition of frugivores, 
mainly Pipridae, and arbor eal gleaning insec- 
tivores: Thamnophilidae and Furnariidae. 
Secondary forest communities have the same 
number of sallying insectivores as Sinnamary 
and Riparian forests, but high numbers of 
nectarivores and omnivores as well. Ridge 
forests have a relative high number of wood- 
peckers, and Riparian forests have relatively 
high numbers of woodcreepers, which are the 
other group of species in the bark-dwelling 
insectivore guild. Granivores: Columbidae 
and Emberizinae are present in areas with 
large patches of grass found mainly in Sec- 
ondary and Ridge forests. 

Species diversi0 al07.g the Sinnamaty river. The five 
dominant species for each habitat point out 
the importance of frugivores (4 species) and 
terrestrial insectivores (4 species) in the 
understory bird communities (Table 3). Insec- 
tivores and frugivores are the main guilds in 
Primary, Sinnamary and Riparian forests; in 
Secondary forest, all the g d d s  are well repre- 
sented, but in Ridge forest a nectarivore is 
ranked first. Among frugivores, Pipra serena 
and l? pipra are species of Primary and Sec- 
ondary habitats; P. az~reola is specific to Ripar- 
ian and Ridge forest. The bark-dwelling 
woodcreeper, G&holynchiis pirams, was cap- 
tured everywhere but it is scarce in the Ridge 
forest, it is the dominant species in Riparian 
forest. Three terrestrial insectivores: Piths ah -  
$ions, GyninopitLys nfigzila and Hylopbylax poecil- 
onota are the main species in the Primary and 
Sinnamary forests; l? alb$rom is also impor- 
tant in the Secondary forest, but the three 
species are not present among the species 
captured in Ridge and Riparian forests. In 
each habitat, dominant species of nectarivores 
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are different; the hermits Phaethornis sz@em%o- 
stis and Glaucis hirsiita are present in Second- 
ary forest; others hummingbirds like 
Thafrirania j m a t a  occur in Primary and Sin- 
namary forests, A m a $ ? a  lemogasster is the 
dominant species in Ridge forest. The omni- 
vore-frugivore Ratllphocehis carbo is a dominant 
bird in Secondary forest and in Ridge forest, 
but there is a bias for this species as, when a 
bird is caught, its distress calls often stimulate 
the capture of other members of the flock. 
Among the eleven species of Furnariidae, 
only one was captured in the Riparian forest 
(Phibdor nq5cadata.r) and one in the Ridge for- 
est (Syzallaxis gzganeizsis). A jacamar was cap- 
tured in Primary forest: Galbda albirosftir, and 
another one, G. galbda in Riparian and Ridge 
forest. On the waterlogged soil of Riparian 
forest, 8.9% of the birds captured were the 
small kingfisher, ChjoroceTle aefia. 

DISCUSSION 

f i l i t s  of the mthodolou. Pardieck & Waide 
(1991) point out that 36 mm mesh nets more 
often caught species weighing more than 26g. 
We found that with the 19 mm nets, 21% of 
the birds we captured weighed more than 26 
g, reaching 145 g for Momotm momota, 155 g 
for Mimastiir gilvicol/ir and 180 g for Leptotila 
spp. The 19 mm mesh can catch birds of a 
wide scale of masses but, for the large birds, 
sampling is biased as it is surely less effective 
than the 36 mm mesh nets. 

Mist nets provide a biased sample for 
most communities, and may capture no more 
than 40% of the species present in a tall for- 
est, even when the sample is very large per- 
borg 1977, 1985). The main condition to be 
met in order to achieve a good capture rate of 
large birds is that the nets are checked very 
often because some big birds are able to tear 
the nets with their momentum. The compari- 
son between the habitats is based on identical 
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sampling provided by the mist-nest tech- 
nique. 

We have determined that in regard to the 
number of hours of capture for 100 m mist- 
nets, the cumulative curve shows a plateau at 
50-60 species recorded in 50-100 h. To cap- 
ture 10 more species the capture effort (i.e., 
the number of capture hours for 100 m nets), 
would have to have a 10 fold increase. There 
is an important decrease in the number of 
captures in the same nets after 20 h; so to 
have a good representation of the bird com- 
munities for an habitat, an accurate method is 
either to have different netting sessions at 
ihtervals of at least two or three weeks at the 
same place, or to change the placement of the 
mist-nets in the same habitat. 

The change of placement was done for 
the Primary forest where data are presented 
from five capture sessions in five different 
sites (P1 to P5). The data for the other habi- 
tats are a combination of sessions in the same 
location from one site (Ridge forest and Sec- 
ondary forest) to two sites (for the other hab- 
itats) during less than a year. Inter-seasonal 
changes in avifauna composition occurred 
when the same site is used at different time of 
the year. Five netting sessions from April 
1994 to July 1995 were set on site S3 Fable 
1). Four netting sessions from December 
1994 to august 1995 were set on site E2. 
Three netting sessions from February to 
August 1995 were set on site FC3, from 
December 1993 to October 1994 were set on 
sites B2 and B3. On Figure 1, each of these 
seasonal sampling show a change with the 
other ones. But at the scale of the inter-habi- 
tats avifauna composition, these intra-site 
seasonal changes are not important enough 
to interfere with the main community com- 
position comparisons. 

The principal component analysis shows 
for each habitat some marked differences in 
the particular understory bird community 
composition. The habitats are ranked in 
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order according to their position along the 
Sinnamary river from Sinnamary forest to 
Ridge forest (Fig. 1). The Sinnamary forest 
understory bird composition is almost identi- 
cal to the reference Primary forest. Down- 
stream changes occur, allowing an 
identification of each forest by some stable 
components of its avifauna (Greenberg & 
Gradwohll986). The similarity of Sinnamary 
(E3)and Secondary (S) forest habitat is mainly 
due to localisation of site S3 at the edge of a 
primary forest, and thus that there are some 
exchanges between these two forest types. 
Sites S1 and S2 are located 500 m from pri- 
mary forest and have a very different commu- 
nity composition from the Sinnamary forest. 

For four habitats we collected more than 
49 species. The Riparian forest had only 39 
species. This large difference in the number 
of species, is highly significative in this study; 
it can be used as a &st point of comparison 
between habitats as the capture effort in 
Riparian forest was of 909 net-h, and in the 
Ridge forest 49 species were collected for a 
capture effort of only 450 net-h. 

Biomass distribation. The distribution of body 
size among species did not differ significantly 
between the five habitats. The assertion that 
average body mass varies with the habitat type 
(Cotgreave & Harvey 1994), with larger birds 
being found in simpler habitats, cannot be 
tested with the technique used here as the 
larger categories (more than 256 g) are not 
captured. The low mean in Ridge forest is due 
to the large number of light weight (4.2 g) 
A m a ~ i b a  hdcogasteer captured. Cumulative 
curves, daily activities and biomasses are not 
very different between the habitats. The dif- 
ferences revealed by the principal component 
analysis are analysed at the nutritional g d d  
level and then at the species level. 

Feeditg g d d  composition. The dominance of 
insectivore gculds in Primary forest is also sig- 

nificant in the Sinnamary forest with an 
increase of omnivorous birds showing the use 
of the river as a corridor. The other three for- 
ests show a significant relative distribution by 
g d d :  Riparian forest is mainly composed of 
frugivores and arboreal, gleaning insectivo- 
rous; the main gculd in Secondary forest is 
omnivorous; in the Ridge forest the almost 
equal biomass between granivores, sallying 
insectivores, bark-dwelling insectivores, arbo- 
real insectivores and omnivores is correlated 
with the wide food possibilities provided by 
the combination of low bushes, Cactacae and 
large trees 15-25 m high. 

Aerial-salliers (IA) are of relative equal 
importance in all habitats. Nectarivores and 
granivores are almost absent in Riparian for- 
est because the wet or waterlogged soil of this 
type of forest does not provide enough flow- 
ers and seed; they are mainly founds in the 
canopy. 

Another difference between the forest 
habitats is that 72 species (46%), were cap- 
tured in only one habitat Fable 2). Specificity 
to a particular habitat is marked mainly for 
granivores (six of the seven species were 
found only in one habitat), omnivores(67%), 
bark-dwelling insectivores (5SYo) and sallying 
insectivores (57%). 

The ratio for the number of species found 
in each habitat and the number of species 
found only in one habitat is about the same 
for Primary, Sinnamary and Secondary forest 
(21 to 25%). It is 7% for the Riparian forests, 
meaning that only the most common species 
were captured in this area. In the Ridge forest, 
29% of the species were not found in other 
habitat: three of four Picidae were caught only 
in this habitat as well as seven species of sally- 
ing insectivores. 

Juanes (1986), Cotgreave &Harvey (1991, 
1992) have shown that g d d  structure is asso- 
ciated with the commonness and rarity of dif- 
ferent bird species within local communities. 
The basic composition of the understory avi- 
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fauna along the Sinnamary river is of two fru- 
givores, two barkdwelling insectivores, three 
arboreal gleaning insectivores and two omni- 
vores-frugivores. 

Species dialersi9 along the Sinnantar_y river va/ly. In 
Primary and Sinnamary forests, 12 common 
insectivore species are found only in these 
habitats: six arboreal gleaning insectivores, 
five sallying insectivores and H2/opLy/ax naeuia, 
a terrestrial insectivore. 

Due to the various stages of growth 
occurring in the Secondary forest habitat, 
there is no common species that is restricted 
to this habitat: among the 41 species selected 
as common, 26 live also in at least two other 
habitats. In regard to bird diversity, the Sec- 
ondary forest, supp lpg  a wide display of 
food and ecological niches, is a bridge 
between varied kinds of forests. Birds that 
were more abundant in Riparian forest 
include Tbamnoma~~es ardesianls, and manakins: 
P$ra eythrocephala, Matlacm manacrts, P. aureola 
and Jcb@ornis fzirdinus. 

The Green-tailed Jacamar (Galbzda ga/- 
bdu), White-lined Tanager (Tac&honus r@s) 
and Trochilidae such as Amaxiha lezLcogaster. 
Cb/orestes notatzts and Antbracorax rz.&~co/hs 
complete the main species captures in the 
Ridge forest. 

A correspondence analysis (Fig. 2) on the 
relative density of the understory avifauna 
shows the high degree of relationship 
between Sinnamary forest and the reference 
Primary forest: they have 39 species in com- 
mon with about the same densities. They also 
have 26 species in common with the Second- 
ary forest, 13 in common with the Riparian 
forest and only five with the Ridge forest. 
Seventeen species are common to Ridge and 
to Riparian forest and 14 to Ridge and to Sec- 
ondary forest. Only ten species found in 
Ridge forest were present in at least two of 
the other forest types, 20 species were unique 
to this habitat. 

SINNAMARY RIVER UNDERSTORY AVIFAUNA 

Manacm mananis, Ghyphoryncbus spin4n4 
&@motbenda axilarir, and hn.pbocehs carbo are 
ubiquitous species; P$ra eíythrocepba/a, Myr- 
mothemla menetriesi, Sch$or?iìs furdinus, Phiilyn'or 
n@atddatzLs, Thamtzoniatits ardesiam and Xypho- 
rbynchz~s pardolatus, are present in four habitats. 
Considering that the Primary and Sinnamary 
forest communities are almost identical, 
Tha;lntiopbilzis pzmctatus, Mionectes oleagìnea, hfyr- 
ntotbendagzLttata can be added to this list. 

The highest diversity is found in the Sec- 
ondary forest, and it has the highest number 
of species that were also captured in other 
habitats. 

Birds are environmental indicators, both 
at the level of the gculd composition and at 
the level of species specificity. These striking 
changes in the structure of forest understory 
avifauna along a river stream should not be 
extrapolated to all species and g d d s  if the 
data are not collected with the same method- 

It wiU be very interesting to follow the 
effects on the composition of the understory 
avifauna, during the water logging of the 
Petit-Saut dam then after the total fiUing up. 

ology. 
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APPENDIX. Population data for the 155 species captured in the five habitats. N: number of captures; d 
number of individuals per 100 h of mist-netting sessions per 100 m nets. The checklist follows Meyer de 
Schauensee & Phelps (1978) and Tostain e t  al! (1992). Guild and biomass are from Terborgh et al. (1990), 
Thiollay (1986), Blake & Loiselle (1991) and this study. 

FH piscivore; CN: raptor; FA: arboreal frugivore; G R  arboreal, terrestrial and grass granivore; IA: arbo- 
real, sallying insectivore (species that hawk, hover, snatch or strike, Firtzpatrick, 1981); IB: bark-dwelling 
insectivore feeding in trunk interior (woodpeckers) or superficially (some dendrocolaptids or fürnariids); 
I F  arboreal, gleaning insectivore; IT: gleaning terrestrial or ant-following insectivore; NI: nectarivore- 
insectivore (not only hummingbirds); OA: predominantly insectivore. 

Guild Mass Primaryf. Sinnam.f Second. f. Riparianf. Ridgef. Total 

k) birds 

N d N d N d N d N d  

FALCONIDAE 

Mimatilr gilvìcoollis 

COLUMBIDAE 

Coltllllbdapassetina 

Lptotila verreaicù 

Leptotila nfäxilla 

Geotggoon nzontana 

CUCULIDAE 

Raya nzìniita 

CAPRIMULGIDAE 
C@rìmu&is cayennensis 

TROCHILIDAE 

G l a t h  birsiita 

Tbrenetes niger 

Pbaethor?iis st@erdiostts 

Pbaetboriiis nialatis 

CN 155 1 0.5 1 

GR 37 7 10.2 7 

GR 170 1 1.4 3 4.4 4 

GR 180 1 0.5 1 0.6 2 

GR 125 3 1.9 3 

IF 42 1 1.5 1 

IT 44 1 0.6 1 

NI 6.4 16 10.1 

NI 6 1 0.6 

NI 5.4 4 3 4 2 13 8.2 
NI 3.5 1 0.8 

16 

1 

21 

1 
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APPENDIX. Continuation. 

Guild Mass Primary f. Sinnam. f Second. f. Riparian f. Ridge f. Total 

0 birds 

N d N d N d N d N d  

Phaethortiis Etourieri 

Phaethornis lorpenrareus 

Can)ylopterus largiennis 

Florìszga melbvora 

Anthracorax ii&ricollis 

Arithracothorax uìrìd&ula 

Ch ysolanpis inosquitus 

Chlorestes notatzis 

Chlorostihon nzelbsugz4s 

Thalrmaiiiajircata 

Hylocbaris sqpbi~na 

Po&tnzus theresiae 

Ana$ìajnibriata 

AnaXika hucqaster 

TROGONIDAE 

Trogoii uiolaceus 

ALCEDINIDAE 

Chloroceyle aeiia 

MOMOTIDAE 

Moinobis nzomota 

GALBULIDAE 
1 

Galhila albirostris 

Galbda galbula 

BUCCONIDAE 

Malacoptilajisca 

PICIDAE 

Piaitmm exilis 

Piczw" p7ogaster 

Ve~iilior~iíspasse~~iz~s 

Veiiilzornis Cassinì 

NI 4 5 3.8 

NI 4 

NI 7.8 9 6.8 

NI 6.5 

NI 6.5 

NI 6 

NI 3.8 

NI 4.3 

NI 3.2 

NI 3.8 16 12 

NI 4.3 

NI 3.9 

NI 4.8 

NI 4.2 

IS 44 

FH 14 3 2.3 

OA 145 

IS 19 1 0.8 

IS 26 

IS 41 1 0.8 

IB 9.5 

IB 15 

IB 30 

IB 26 

7 

2 

5 

1 

1 

5 

1 

1 

1 

3 

2 

3.5 6 3.8 

1 1 1.4 

2.5 10 6.3 

0.5 1 0.6 

1 0.6 1 

1 

4 

5 3.2 6 

0.5 2 

2.5 5 3.2 

3 1.9 

1 0.6 4 

0.5 1 1.4 

2 2.7 43 

18 

3 

24 

2 

1.5 2 

1.5 1 

5.8 4 

8.7 11 

2.9 3 

26 

3 

5.8 

2 

62.4 45 

0.5 1 

0.5 13 17.8 3 4.4 20 

1.5 1 0.6 4 

1 3 

5 6.9 5 7.3 10 

1 

1 1.5 1 

1 1.5 1 

2 2.7 2 

1 1.5 1 
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Guild Mass Primary f. Sinnam. f Second. f. Riparian f. Ridge f. Total 

64 birds 

N d N d N d N d N d  

FURNANIDAE 

IF 18 1 0.6 2 2.9 3 

IF 30 1 0.8 1 0.5 2 1.3 2 2.7 6 

IF 28 1 0.8 2 1.3 3 

IF 34 1 0.5 1 

IF 2 1.5 2 1 4 

IF 38 1 0.8 1 0.5 1 0.6 3 

IF 23 4 3 4 

IT 21 1 0.5 1 

IT 38 4 2 '  4 

IB 12 1 0.8 1 

IB 13 3 1.5 1 0.6 4 

IS 44 11 5.5 3 1.9 

IT 30 2 1.5 

14 

2 

Deco tiycbura longìcauda IS 36 2 1.5 2 1 4 
Decotycbtira stìctolaenza IB 14 2 1  2 

De~imocol~tes certhìa IS 60 1 0.8 1 0.5 2 2.7 4 

~~~OTiy~lcbzispaTda~otl is  IB 36 2 1 2 1.3 2 2.7 10 

Can@yioTbampbzis trocbì- IB 33 2 1  2 

G&bopncbus .pirums IB 14 9 6.8 24 12 13 8.2 16 21.9 1 1.5 63 

Xz@o~ticbuspim IB 42 2 2.7 3 4.4 5 

X$bOTiy?icbzisgui?atus I B 4 4 4 3  2 1 1 1.4 2 2.9 5 

&TOSh> 

TElilMNOPHILIDAE 

Sakespboms catiadetisìs IF 28 3 4.1 3 4.4 6 

Tbamtiophihis doliatus IF 30 1 0.6 3 4.1 7 10.2 11 
Tbanztiophihs IligrocilleTC1i.J IF 1 6 1 0.6 1 1.4 2 

Tba?nnopbi~~sama~onictls IF 22 2 1.5 2 

Tba~nnopbì~ispunctah~s IF 22 2 1 1 0.6 5 6.9 2 2.9 10 
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APPENDIX. Continuation. 

Guild Mass Primaryf. Sinnam.f Second.f. Riparianf. Ridgef. Total 

birds 

N d N d N d N d N d  

Thamnomanes ardesiaciu IS 17 5 3.8 2 1 4 2.5 4 5.5 15 

Thanitzonianes caesiiu IS 17 6 4.5 5 2.5 2 1.3 13 

Myrmothenda bracbyiwa 

Mynnothenda gitttata 

Mymotherah gi&nraLs 

Myvnothenda rucillaris 

Myt~nothenda long$enitis 

Myrtnothenda menettie.&' 

Formiivora grisea 

Hypocnemis cantator 

Hypomemoides melanopogon 

Pernlostola ri&+ons 

Perctiostola leitcos&gtna 

Mymieixa+rrcgìirrea 

Mymiecira atrothorm 

Pit& albfions 

Gynzmpitbys n$gida 

Hylophylm naeuia 

Hylophylm poecilonota 

Mymiornis torqiiata 

FOMCARIIDAE 

Fomiicariiu colma 

CONOPOPHAGIDAE 

Conopopbaga aurita 

COTINGIDAE 

Pboeniirn4.r carii@x 

PIPRIDAE 

P$ra erythrocephala 

P$rap$ra 

P$ra serefia 

IF 11 

IF 11 4 

IF 8.5 

IF 7.5 6 

IF 8.5 9 

IF 8 3 

IT 13 

IF 12 2 

IF 13 1 

IF 28 6 

IF 32 1 

IF 27 9 

IF 24 

IF 21 17 

IT 29 9 

IT  13 3 

IT 17 12 

IT 37 1 

IT 13 1 

IT 23 1 

OA 103 

FA 12 7 

FA 11 35 

FA 11 16 

3 

4.5 

6.8 

2.3 

1.5 

0.8 

4.5 

0.8 

6.8 

12.8 

6.8 

2.3 

9 

0.8 

0.8 

0.8 

5.3 

26.3 

12 

1 0.5 

3 1.9 4 5.5 

3 1.5 1 0.6 

2 1 1 0.6 5 6.9 1 

3 1.5 1 0.6 

3 1.5 1 0.6 1 1.4 

6 8.2 10 

4 2  

5 6.9 

1 0.5 4 5.5 

2 1 2 1.3 

1 1.4 

72 35.9 21 13.2 

20 10 5 3.2 

3 1.5 

9 4.5 2 13 

3 1.5 1 0.6 

3 1.9 

8 4 10 6.3 4 5.5 

52 25.9 28 17.6 

28 13.9 18 11.3 

1 

11 

4 

1.5 15 

12 

8 

14.5 16 

6 

6 

11 

1 

13 

1 

110 

34 

6 

23 

5 

1 

1 

3 

29 

115 

62 
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APPENDIX. Continuation. 

Guild Mass Primary f. Sinnam. f Second. f. Riparian f. Ridge f. Total 

0 birds 

N d N d N d N d N d  

P$ra aureola 

Cor@$o guituralir 

Maitacus manacus 

Scb flornis turdinus 

TYRA"1DAE 

Zinimeriusgraci@es 

Phaeomyias niurina 

ljvannuh elatus 

MyiopagìsJauiuetï'ex 

ElaeiiiaJavogaster 

Eheiiia partirostri> 

Inezia sub~Yaua 

Mioriectes oleaginea 

Mionectes niacconnelli 

Pbllosca~es tirescens 

Corythopìs torqiiata 

.L~~pbotriccus galeatus 

Poedotri>cus funi$rons 

Todirostmni macdatum 

Ramphotrigon nficaiida 

Rbyncho p c h s  ohaceus 

Tobnonyìas sulphurescens 

Toiniongias assin2ilir 

Plaprìtjcbus saturatus 

Plaprinchus coronatus 

Otgcboriynchus coronatus 

Tereitoh>cus erytbnims 

Myiolius liarbatus 

Myìophobus fasciatus 

Cneniotricctlsfilscatus 

FA 15 

FA 12 

FA 16 

FA 32 

OA 8 

IS 10 

IF 7 

IF 20 

IF 24 

IF 22 

IS 11 

OA 13 

IS 12 

IF 

IT 16 

I A 7  

IS 6.3 

IS 7 

IS 17 

IF 18 

IS 11 

IS 14 

IF 11 

IF 9 

IS 13 

IS 7.2 

IS 11 

IS  

IS 13 

2 1.3 12 16.4 

1 0.8 

6 4.5 1 0.5 8 5 10 13.7 

1 0.8 6 3 2 1.3 2 2.7 

3 1.5 

3 1.9 

1 1.4 

1 0.6 

3 4.1 

9 4.5 4 2.5 7 9.6 

9 6.8 8 5  

1 0.6 1 1.4 

1 0.8 

1 0.6 

4 2.5 

2 1.3 

1 0.6 

1 0.6 

1 0.6 

3 2.3 3 1.9 

7 5.3 10 5 

1 0.8 

2 1  

9 6.8 5 2.5 

1 0.5 

25 36.3 39 

1 

1 1.5 26 

11 

3 

20 29 23 

2 2.9 3 

2 2.9 2 

3 4.4 4 

2 2.9 2 

3 

20 

17 

2 

1 

1 

4 

3 4.4 5 

1 

1 

2 2.9 2 

1 

6 

17 

1 

2 

14 

1 

1 1.5 1 
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REYNAUD 

APPENDIX. Continuation. 

Guild Mass Primaryf. Sinnam.f Second.€ Riparianf. Ridgef. Total 

k) birds 

N d N d N d N d N d  

.- 

Atti/a cìtinanzotzeiis 

Attila spadicelis 

Latiiocera r!yp poplyrrha 
Myiurcbits ferox 

Myiarcbiis iyratitiiihis 

Myiqetetes cayatierisis 

Pac/2yrat~biispo~chpopltenis 

TROGLODYTIDAE 

Thtyotbonis coruya 

Microceraiha bambla 

CQbhorbims aradiis 

SYLVIIDAE 

Microbates collaris 

Ramphocaeniis nzelatiims 

TURDIDAE 

Tzirdtis leiiconielas 

Tiirdzis tiiid&etiis 

Tiirdzs dbicollis 

VIREONIDAE 

Vireo olivaceiis 

Hyhpbihis pectoralis 

Hylapbihis ochracez'ceps 

PARULIDAE 

Deridroia petecbz'a 

Seiiinis tioveboracetisìJ 

Basi/eiLtenis riudaris 

ICTERIDAE 

Ictenu rz&rqzdan> 

EMBERIZIDAE 

Coereba fataola 

IS  40 1 1.5 1 

IS 35 2 1.3 1 1.4 2 

OA 48 1 0.8 1 

IS 26 1 1.4 1 

IS  28 2 2.9 2 

I S  24 1 1.5 1 

w, 22 2 2.9 2 

IF 18 3 1.5 2 1.3 2 2.7 7 

IT 17 4 2  4 

IT 20 1 0.8 1 

IF 9.5 4 3 1 0.5 5 

IF 9.2 1 0.6 1 

OA 69 4 2.5 2 2.7 1 1.5 7 

OA 60 2 1.3 2 

OA 49 4 3 12 6 13 8.2 29 

IF 14 2 1.3 2 

IF 12 3 4.4 3 

IF 10 5 3.8 1 0.5 2 1.3 8 

IF 9 

IT 16 

IT 12 2 2.7 

3 4.4 3 

1 1.5 1 

2 

OA 37 2 2.9 2 

FA 11 1 0.8 1 0.6 2 
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4 

SINNAMARY RIVER UNDERSTORY AVIFAUNA 

APPENDIX. Continuation. 

Guild Mass Primaryf. Sinnam. f Second. f. Riparianf. Ridge f. Total 

0 birds 

N d N d N d N d N d  

Dacnìs cayana OA 12 1 0.5 1 

Ganeps caentleus OA 13 1 0.5 1 

Qatietjxs yaneus OA 12 2 1.3 2 

Conirostntni bìcolor IF 11 10 14.5 10 

Tbraqìs episcopus OA 36 3 1.9 1 1.5 3 

Tbra@spalmarttni OA 34 2 1.3 2 

Raqbbocehs carbo OA 26 1 0.8 2 1 16 10.1 6 8.2 8 11.6 28 

Tacb2bonits mj%s IF 35 1 0.6 1 1.5 2 

Tacb$bonus surinanius IF 23 7 5.3 5 2.5 3 1.9 15 

Gaiioconpsa yanoìdes IS 25 3 2.3 1 0.5 4 

Saltator niaxkts OA 39 1 0.5 1 

Pen)op&zts etytbronielas OA 45 3 1.5 3 

Arenion ta&rnu OA 25 1 1.4 1 

Otyzoltonts atgoletisis GR 13 2 1.5 2 

Sporopbìla castaneìventrik GR 9 1 0.6 3 4.4 4 

Volatina jacariia GR 10 5 3.2 5 

Number of captures 291 389 303 146 21 5 1336 

Net-hours 1103 1585 1671 909 450 

Nb. captures/net-h 0.26 0.25 0.18 0.16 0.48 

Number of species 60 68 74 39 49 155 

Total biomass (g) 4557 7967 6096 2888 3641 

Biomass (g) per net-hour 4.13 5 3.7 3.2 8.1 
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