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THE AVIFAUNA AND THE VEGETATION STRUCTURE OF A MATURE ARAUCARIA
PLANTATION IN SAO PAULO, BRAZIL.*

Douglas J. GRAHAM**

ABSTRACT

The research reported on here evaluated the impact of an exotic plantation of Araucaria
angustifolia on the indigenous bird fauna by comparing a plantation to the adjacent natural forest.
Almost no such studies have been done in Brazil, so it was considered of importance to develop a
methodology which could conveniently be used in similar studies. The vegetation structure was primarily
described through the use of an original "foliage volume profile". Birds were sampled with mist nets
and by fixed radius point counts. The bird data were analyzed in terms of "guilds": groups of species
- which shared a foraging height and food resources (e.g., "canopy insectivores"). There was little
apparent difference between the two areas in terms of numbers of bird species but the natural forest
sites had significantly more birds than the Araucaria sites. The guild level analysis of the data revealed
that it was particularly the mid-level and canopy guilds which were more abundant in the natural
forest. The ground level and understory guilds showed similar, but inconsistent trends. Other guilds
showed no preference for either area. It was concluded that the study quite convincingly related the
bird distribution differences to the prescnce of the Araucaria foliage in the mid-levels and canopy. The
understory vegetation of the plantation and the natural forest was very similar. This study made no
attempt to document the mechanisms by which the presence of Araucaria may affect bird faunas, but
it allowed the impact to be quite specifically related to particular groups of birds and particular aspects
of the vegetation structure. A similar approach in other studies will add to the understanding of how
exotic plantations impact on indigenous faunas and should lead eventually to useful proposals for
measures of mitigation.

RESUME

La présente recherche évalue I'impact d’'une plantation exotique d’Araucaria angustifolia sur la
faune avienne indigene en comparant une plamaliong la forét naturelle. II était considéré important
de développer une méthodologie applicable & des études subséquentes puisque peu de travaux du
genre avaient €t€ réalisés auparavant au Brésil. La structure de la végétation = fut principalement
décrite a partir d’'une méthode inédite de "profil voluméirique du feuillage". Les oiseaux furent
échantillonnés a laide de filets japonais et de "comptes ponctuels & rayon fixe". Ces données furent
analysées en termes de "guildes™ groupes s’alimentant 2 la méme hauteur et partageant les mémes
ressources d’espéces alimentaires (p. ex., "insectivores des cimes"). I1 y avait peu de différences
apparentes entre les deux aires en terme de nombre d'oiseaux mais les sites en for€t naturelle
montraient, de facon significative, plus d’oiseaux que les sites a Araucaria. L’analyse des données a
révélé que les guildes des strates des niveaux moyens et des cimes comptaient plus de représentants
dans la forét naturelle. La méme tendance était remarquée pour les strates du sol et du sous-bois
mais de facon inconsistante. Aucunc préférence, en faveur d’une aire, n'a pu étre attribuée aux autres
guildes. II fut conclu que I'é¢tude démontre de fagon convaincante que la différence dans la distribution
des oiseaux est reliée a la présence du feuillage d’Araucaria dans les strates moyennes et des cimes.
Le sous-bois de la plantation é)réscntait une végétation similairc a celle de la forét naturelle. Cette
recherche ne se veut pas une €tude des mécanismes par lesquels la présence d’Araucaria peut affecter
l'avifaune mais permet de relier, de fagon spécifique, impact & des groupes d’oiseaux ou des aspects
de la végétation en particulier. Une approche similaire dans d’autres études pourra ajouter a la
compréhension de la manitre par laquelle les plantations exotiques génerent un impact sur la faune
indigene et devrait mener, éventucllement, & d’intéressantes propositions pour des mesures de
mitigation. ’

() Aceito para publicagdo em setembro de 1988.
(**) Present address:
Le Groupe Dryade Ltée (Conseillers en environnement)
4700, boul. Wilfrid-Hamel
Québec, Québec
GIP 2J9 - CANADA
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RESUMO

A pesquisa descrita no presente relatorio avalia o impacto de uma érea reflorestada com
Araucaria angustifolia sobre a avifauna nativa através de uma comparacdo entre uma plantacdo € a mata
natural adjacente. Em razdo da escasscz de estudos scmelhantes no Brasil, foi considerado importante o
desenvolvimento de uma metodologia que poderd ser utilizada em trabalhos posteriores. A estrutura da
vegetacao foi descrita de modo original por meio de um "perfil volumétrico da folhagem". Para
amostragem das aves foram empregadas redes de neblina ¢ "contagens pontuais a raio fixo", tendo os
dados obtidos sido analisados em termos de "guildas”, grupos de espécies se alimentando a uma mesma
altura de mata ¢ utilizando dos mesmos recursos alimentares (por exemplo, insetivoros de cimeira). A
mata natural apresentou um namero significativamentc maior de aves, embora ndo tenham sido
observadas muitas diferengas aparentes quanto ao namero de cspécies nas duas areas. A andlise dos
dados demonstrou que as guildas dos estratos médio ¢ superior da mata natural possuiam maior
populagéo, tendéncia igualmente obscrvada nas guildas dos estratos inferiores, embora de forma
incoerente. Nenhuma preferéncia em favor de uma dcterminada 4rea pOde ser atribuida as outras guildas.
Neste estudo é demonstrado de mancira convincente que a diferenga na distribuicdo das aves relacionada
a presenca da folhagem da Araucaria nos estratos médio e superior. Os estratos inferiores da 4area
reflorestada apresentavam uma vegetacdo similar & da mata natural. Este trabalho ndo visa explicar os
mecanismos pelos quais a presenca da Araucaria afeta a avifauna mas sobretudo relacioanar de maneira
especifica seu impacto sobre grupos de aves ou aspectos da vegetacdo em particular. Uma abordagem
semelhante em outros estudos poderd aumentar a compreensao do modo pelo qual tais plantagdes
causam um impacto sobre a fauna nativa ¢ deverd finalmente conduzir a proposi¢oes interessantes para
mitigacao.

1 INTRODUCTION

From any prominent location in the Scrra da Cantareira, one can look out over the 15 million
people of Sao Paulo, the largest city in South America. Paradoxically, the forests of the Serra, a State
Forest Reserve, are home 0 a startling diversity of flora and fauna and are one of the few remaining
areas of natural vegetation in the state of Sao Paulo (FIGURE 1). In the centre of the Reserve, a
plantation of the conifer Araucaria angustifolia interrupts an otherwise continuous area of over 5000 ha of
forest. The research reported on here was undertaken to compare the avifauna and vegetation structure
of that plantation to the surrounding forcst. In addition to providing some basic ornithological data on the
little known avifauna of the devastated and fragmented Atlantic Coastal Forest, this research improves the
knowledge of the impact of cxotic tree plantations on the natural bird fauna of S.E. Brazil and of how
that impact can be evaluated.

The State of Sao Paulo originally had a forest cover of 20.5 million ha (81.8 % of the state’s
area). Widespread deforestation was well underway in the late 1800°s and today, less than 5 % of the
State is forested (representing about 1.25 million ha). [t is expccted that by the year 2000, only about
3 % of the original forest cover will remain (BARRETO, 1985).

In a wider view, the fate of the Atlantic Coastal Forest of Brazil is even more alarming. This
area of humid tropical forest, which originally extended along the Brazilian coast from extreme N.E.
Brazil to the southeastern border of the country, has close biogeographical affinities to the Amazonian
forest, yet it has a distinct fauna and a very high rate of endemism. Perhaps only 1 % of the original
Atlantic Coastal Forest remains (FONSECA, 1985).

Reforestation programmes in the state of Sao Paulo have restored some forest cover. In a

IF Série Registros. Sao Paulo. (6):1-79. 1989.



GRAHAM D. J. The Avifauna and the Vegetation Structure of a Mature Araucaria Plantation in S3o Paulo, Brazil

1972/1973 study (Instituto Florestal, 1980) it was estimated that about 640 000 ha had been reforested.
Virtually the total area consisted of plantations of exotic trees (especially Pinus and Eucalyptus). Araucaria
angustifolia has also been fairly widely planted. In Sdo Paulo State, this species is native to highland
areas of the Serra da Mantiqueira (FIGURE 1) but is exotic elsewhere.

1.1 The Avifauna of Exotic Tree Plantations

The widescale planting of exotic tree species in the tropics has lad to increasing concern
among ecologists as to their adverse impact on indigenous faunas. Pine plantations in particular have a
reputation as being "biological deserts". SICK (1985) poignantly refers to them as "matas de siléncio".
Other arguments against monospecific exotic tree plantation can be cited: exhaustion of soils (RUSSELL,
1983) and increased susceptibility 10 fungal discases and insect predators. The reduction in bird diversity
and numbers accentuates problems with insect pests. Despite these preoccupations, a quick survey of the
forestry literature reveals that wildlife concerns are rarely considered in tropical forestry studies. In part,
this can be attributed to a paucity of studies that have carefully evaluated the impact of exotic plantations
on natural faunas.

The avifaunas of exotic plantations have received more attention in temperate areas: e.g.,
CHILDERS, et alii (1986) in the U.S. and ADAMS & EDINGTON (1973) in England. Studies of more
relevance to tropical areas are however few indeed (HAVEL, 1980). A comprehensive review of the
recent literature revealed that the majority of studies, concerning the impact of exotic plantations on
tropical bird faunas, have been carricd out in the Australian Region. PAWSEY (1966), DISNEY &
STOKES (1976) and DRISCOLL (1977) all looked at birds in exotic pine forests of Australia. The latter
author, who discusses similar results from the previous studies, found that the plantations had similar
numbers of birds as indigenous forests but that species diversities were lower (especially in young
plantations). The research of CLOUT & GAZE (1984) in New Zealand pine forests can be cited as one
of the most thorough studies in this subject area. Other papers from the Australasian Region have
considered exotic plantations of non-conifcrous species (BELL, 1979; YORKE, 1983).

A study in Kenya (CARLSON, 1986) compared small patches of pine forest to primary forest
and found lower densities and specics diversities in the coniferous forests. He also showed that "forest
specialist species” (restricted to the primary montanc forest habitat) were more adversely affected than
forest generalist species. '

Apart from the Brazilian studies discussed below, no study on birds of exotic plantations seems
to have been published from a tropical area of the New World. Although SICK (1985) stated that there
have been almost no such studies in Brazil, a few have been recently published. ALMEIDA & ALVES
(1982), in a study on the integrated control of leafcutter ants, investigated the avifauna of a Eucalyptus
plantation. Birds in the plantation and a nearby natural forest area were sampled with mist nets. Foliage
densisities were measured, but no methods were explained in the paper, nor were any results provided for
the natural forest arca. Although the authors found that there were more species in the Eucalyptus plots,
their conclusions must be considered tentative since sample sizes were very small, and possibly the mist
netting effort was not equivalent in each study area.

IF Série Registros, Sdo Paulo, (6):1-79. 1989.
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ALMEIDA (1979), in similar study of Pinus plantations and natural forest areas, concluded that
there were significant differences between the bird communities of the two areas. This study’s results are
however compromised by small sample sizes (a total of 189 birds were captured in 9 different study
areas) and an absence of information on the number of net-hours or vegetation structure.

The only published study on the avifauna of an exotic Araucaria plantations™ is that of
RODRIGUES et alii (1981) in the state of Paranid. Their comparison of the Araucaria plantations’s
avifauna with that of a natural Araucaria forest, concluded that here was virtually no avifaunal differences
between the study areas. The only substantial difference between the study areas understory but no details
were provided in the paper on how that conclusion was reached.

2 DESCRIPTION OF THE SERRA DA CANTAREIRA

The Serra da Cantareira (23° 22’ S, 46° 36° W) is located on the northern border of the city
of Sao Paulo ("serra" being the Portuguese word for a small range of hills). Virtually all of the Serra is
included in the State Forest Reserve of Cantareira. A 1974 management plan contains an overview of
information on the Cantareira Reserve (NEGREIROS et alii, 1974).

The "Reserva Estadual da Cantareira" is administered by the INSTITUTO FLORESTAL of
Sao Paulo. This government organization, responsible for all state parks and reserves, has its headquarters
in the "Parque Estadual da Capital’, a 174 ha state park contiguous with the Cantareira Reserve. It is
planned to eventually combine the two as a state park, which will ensure the long-term protection of the
Serra da Cantareira. The Reserve is currently closed to the public, with visitors only allowed under
restricted circumstances. Plans to make the Reserve more accessible to the Sdo Paulo public
(NEGREIROS et alii, 1974) have not yet been implemented.

The majority of the Serra da Cantareira was deforested in the last century to make way for
coffee and tea plantations. Due to the importance of the Serra for the water supply of the growing city
of Sdo Paulo, it was declared a protected forest reserve in 1896. The forest cover has subsequently
regenerated naturally and today, the Rescrve is almost completely forested.

The bulk of the Reserve's forest is therefore actually secondary forest, which is however
virtually indistinguishable from the remaining remnants of primary forest. At about the same time that the
Reserve was established, a small arca in the centre of the reserve was planted with Araucaria
angustifolia In subsequent years, a fcw other small plots of exotic conifers were established in the same
area.

2.1 Climate

Metereological data were collected at the Serra da Cantareira (in the Parque Estadual da
Capital) from 1944 to 1981. The mecan monthly values for temperature and preciptation from this period

(*) Graham (1986b) is a published abstract of a presentation given by the author, on this study, at the 13th Congresso Brasileiro de Zoologia in

Cuiaba, Mato Grosso in February, 1986.

IF Série Registros, Sdo Paulo, (6):1-79. 1989.
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(INSTITUTO FLORESTAL, s.d.) werc adapted by the author to produce the climate graphic shown in
FIGURE 2. Based on the data for this 38 year period, the month with the highest mean temperature is
February, with a mean of 21.3°C. The lowest temperaures are recorded in July, with a mean
temperature of 14.7°C. During the 38 vyears of data collection, a slight and unexplained rise in
temperature of 0.3°C per decade has been a consistent trend, with an overall rise of 1.1°C.

Total annual precipitation is subject to little variation from year to year, generally being from
1500 to 1600 mm with a mean value of 1570 mm. As can be seen from FIGURE 2, a well pronounced
rainy season occurs in the summer from October to March. The greatest amount of precipitation falls in
January, with a mean of 256.4 mm (with rain on a mean of 61 % of the days). The least precipitation
occurs in August with a mean of 42.2 mm (rain on 23 % of the days). Summer rains are generally
abrupt and heavy, while rains in the winter tend to be prolonged, yet intermittent (NEGREIROS et alii,
1974). It should be noted that the year of this study was considerably drier than average but
unfortunately, no metereological data were available at the time of writing.

The number of "dry days" (PROJETO RADAMBRASIL, 1983) is the number of days on
which the precipitation values*, fall below the temperature values. The Serra da Cantareira has 0 dry
days and is therefore not considered to have a dry season.

2.2 Geology and Pedology

The geology and pedology of Southecastern Brazil are considered in some detail by the
PROJETO RADAMBRASIL (1983). We will be limited hear to a very brief summary of that part of -
their findings relevant to the Serra da Cantareira.

0 ’ mm
Q- Temp. (°C) -
P il | L2a0
~@ - Precip. (mm) & o
& ® T
¢ y :'IGO
/ +120
°C ”/ ‘\\ —
. L 3 —+80
30 e I @ o
207 Y 00000100 0 0 S a0
ot—+—tttt————10°
July Sept. Nov. Jan. Mar. May
Month of year

FIGURE 2 - Climate graph for the Serra da Cantareira.

(*) For "dry day" calculations, all values must be graphed in a standard format, such as in FIGURE 2, where 10°C on one vertical axis is equal

to 20 mm of precipitation on the other vertical axis.
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The name Serra da Cantareira is gencrally used synonymously with the State Reserve of
Cantareira but, properly speaking the eastern portion of the reserve (east of the highway BR-381) is the
Serra da Pirucaia. The Serra da Pirucaia belongs geologically to the Acungui quartzite formation. In this
formation, the quartzite varies from coarze and feldspathic to fine and quartzose and possesses a rather
heterogeneous granulation and recrystallisation along the planes of tectonic movement. The Serra da
Cantareira proper, belongs to the Trés Corregos intrusive granite formation. The granites of this formation
are characterized as post-tectonic with rosaceous porphyries in a coarse, granodioritic to tonalitic matrix.
Its contact with the Serra da Pirucaia is characterized by an intercalation of the to rock types.

The soils of the Cantareira Reserve are all classified as Alic Red-Yellow Podzols. They are
characterized as non-hydromorphic, quite deep (about 1 m deep according to NEGREIROS et alii, 1974),
well drained and with A, B, and C horizons. The A horizon has a texture considered clayey to very
clayey. The B horizon, generally a red-yellow colour, has a sandy, coarse to fine texture.

2.3 Vegetation

The vegetation of Serra da Cantareira is classified by the PROJETO RADAMBRASIL (1983) as
falling within the "Dense Ombrophile Forest" phytoecological region, the category that includes the rain
forests of the Atlantic Coastal Forest. More specifically, the Serra is included with the "Montane Forest
Sub-region". Before the intervention of man, all areas within at least 60 kilometres of the Serra_(with the
exception of small isolated patches of savanna or "cerrado") were in the same phytoecological region. As
can be seen from FIGURE 1, there are few remaining areas of forest today.

The "Dense Ombrophile Forest Region" is, according to the PROJETO RADAMBRASIL
(1983), characterized by regions with 0-60 dry days and therefore without a well-marked dry season.
Annual precipitation values showed be about 1500 mm. The Serra da Cantareira, as discussed above, has
no dry days and a mean annual precipitation of 1570 mm.

Within this phytoecological region, the "Montane Forest Sub-region” is found at altitudes from
500 to 1500 m. The Serra da Cantarcira has a mean altitude of 850 m and a maximum altitude of
1200 m. The vegetation of this sub-region typically has a dominant stratum at a height of about 25 m,
characterized by genera such as Vochysia, Talauma, Cariniana, Clethra, Ocotea and Nectandra. Lower
strata are characterized by diverse species of the families Rubiaceae, Myrtaceae, Melastomataceae and
Palmae as well as by Pteridophytes and a large number of epiphytes and lianas.

The Serra da Cantareira is, phytoccologically speaking, extremely similar to the nearby Serra
do Paranapiacaba (FIGURE 1) and to the inland portions of the coastal Serra do Mar (within which,
different sub-regions are found where altitudes approach seca level). The author found no evidence to
support the hypothesis suggested in NEGREIROS et alii (1974) that, because of its intermediate
geographic position, the Serra da Cantareira contains forest types typical of the Serra do Mar and of the
Serra da Mantiqueira. The former forest is described as a humid tropical broadleaf forest and the second
as a high altitude forest with a canopy height of 6-8 m and composed of gnarled moss-covered trees. No
such forest exists in the Serra da Cantareira.

No phytoecological studies have been published for the Serra da Cantareira, although
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NEGREIROS et alii (1974), provided a list of 55 plant species that had been identified in the Reserve’s
forest and BAITELLO & AGUIAR (1982) provided a more complete list of identified trees and shrubs.
The species composition and vegetation structure of the sites chosen for this study are further described
in subsequent sections.

2.4 Avifauna

Despite its proximity to the city of Sao Paulo, the Serra da Cantareira’s avifauna was virtually
unknown when this study was initiated. From 1897 to 1965, about 250 specimens (representing about 80
species) where collected in the Serra da Cantarcira and are currently located in the Museu de Zoologia
de Sao Paulo. Most of these specimens where listed in PINTO’s (1938, 1944) catalogues. NEGREIROS et
alii (1954) included a list of some 25 species but these were only species of "probable occurrence".
Nothing else has been published on birds of the Cantareira Reserve.

In conjunction with the research discussed in this report, a general survey of the Serra’s
avifauna was carried out. A checklist of the Reserve’s birds (GRAHAM, 1986a) includes 215 species that
have definitely been recorded in the Reserve and a further 11 species of hypothetical status. A copy of
the Checklist is appended to this report (Appendix 3). With further work in the Serra, the complete
avifaunal list should eventually include about 300 species.

A more complete analysis of the avifauna of the Serra da Cantareira will be reported on
elsewhere (GRAHAM, in prep.) but a few general remarks can be made here. The available evidence
would suggest that the local avifauna is very similar to the avifauna of the nearby Serra do Mar or to
forested tracts in the inland part of the state (WILLIS, 1979; WILLIS & ONIKI, 1981). The avifauna of
the State Park of Campos do Jordao, in the Serra da Mantiqueira is distinguished by many species which
rarely occur elsewhere in the state* (WILLIS & ONIKI, 1981; and BARBOSA, 1988) and shares no
particular affinities with the Serra da Cantareira. The Serra da Mantiqueira is the nearest area to the
Serra da Cantareira where Araucaria angustifolia occurs naturally.

There are probably no forest species in the Serra da Cantareira which do not occur in other
similar forests of the state. The Serra’s avifauna, as listed by GRAHAM (1986a) does include about 40
species that are native to the more open "cerrado" areas of the dry interior of Sao Paulo. Their presence
is anthropogenic and related to the widescale deforestation of surrounding areas. These species are
restricted to semi-open areas in the Reserve and did not occur in the heavily forested study sites of this
research.

Many of the species that must have originally inhabited this area are no longer present. This
would be due in part to the fact that a large proportion of the Serra was deforested in the late 1800's.
TERBORGH & WESKE (1969) noted in Peru that secondary vegetation, although with foliage height
profiles similar to the original forest cover, was relatively impoverished in terms of the number of bird
species. The relatively small size of the Reserve is perhaps also a limiting factor for some birds with very

(*) An example is the Araucaria Tit-Spinetail Leptasthenura setaria, the only species in Sao Paulo that occurs exclusively in Araucaria forests.
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large territory requirements such as certain eagle species. Finally, the present day isolation of the Serra
da Cantareira probably is responsible for the abscence of some species which might otherwise have
recolonized it. The enormous urban sprawl of Sdo Paulo cffectively creates a 40 km barrier from the
Serra do Mar, the single largest remnant of Atlantic Coastal Forest in Brazil (FIGURE 1). Some of the
birds that have presumably been lost from the Serra’s avifauna include the large raptors, all the large
parrot and macaw species, the large canopy frugivores and other species depend on large tracts of
undisturbed forest or particularly sensitive to the human presence. In his interesting study of remnant
woodlots in Sdo Paulo, WILLIS (1979) came to similar conclusions.

3 DESCRIPTION OF THE STUDY SITES

The Cantareira Forest Reserve is almost entirely covered with natural forest except for a small
area of 127 ha, locally known as the "Chapada", located in the western half of the Reserve (FIGURES 3
and 4). In addition to 78 ha of Araucaria angustifolia, there are 17 ha of stands of other exotic conifers:
primarily Pinus spp but also Cunninghamia sp, Cryptomeria elegans, C. japonica and Araucaria excelsa.
The "Chapada" area also includes 32 ha of low scrub. The families of five Reserve workers live in the
area. Natural forest completely surrounds the "Chapada" and extends to the border of the Reserve
(FIGURE 3). The map of FIGURE 3 is adapted from NEGREIROS et alii (1974). The map for
FIGURE 4 is original and based on aerial photographs (1:10.500) of the Reserve taken in the mid-1970s.
All features shown on the map were ground-proofed in the field and modified accordingly. Areas were
calculated with a planimeter.

Several roads extend to the "Chapada" and there is a small number of paths through the
surrounding area (FIGURE 4). Human activity in the area was minimal. The public is excluded from the
Reserve and on no occasion during 6-7 months of field work, was a person ever encountered in the
vicinity of the study sites.

Two study sites were chosen in the Araucaria plantations and two study sites in the adjacent
natural forest. The two sites from each vegetation type were intended to be eventually grouped, if it
could be shown that they have statistically similar bird communities and vegetation structure.

3.1 Araucaria Study Sites

From a distance, the plantations of Araucaria angustifolia were quite homogeneous in
appearance, seeming to be exclusivély composed of Araucaria which completely dominated the upper
stratum of the forest. When within these plantations, the impression of monospecificity was much less
marked, since the understory and lower strata appeared to be no different from those of the natural
forest. The Araucaria were not planted in regular rows and the stands did not at all give the impression
of being artificial plantations. No exact date could be obtained for these plantations, but they were
planted at about the turn of the century. Virtually all the trees are now 22-28 m high, with a very few
individuals reaching heights of 30 m. Essentially no regeneration of Araucaria is occurring; young trees
were extremely rare within the plantations and were never seen in any nearby area of forest®.

(*) AUBREVILLE (1965) considered the Araucariaceae incapable of regenerating under forest canopy by virtue of their light demanding nature.

IF Série Registros, Sio Paulo, (6):1-79, 1989.



10

GRAHAM D. J. The Avifauna and the Vegetation Structure of a Mature Araucaria Plantation in Sio Paulo, Brazil.

‘eale %Un:m ) JO uonedol 9yl WEBCSm JAIISY 18910, eIdIRIURD OUI JO J[eY WINSIA - ¢ HANODIA

( ©L61) 10 4o ‘somesbay . 994n0g

e p—— p—
wQoo9l 0021 008 00v O

t @4nbld Jo UolDO0T

i

LA o e v Proer
s
o'.

Ipjidp) Dp [PNPD§s3 anbubd I

suoljppup|d U} Jo SHWIT A5

on

spooy —~

DJI24D{UDY) DP |DNPD}ST DAISSSY

IF Série Registros, Sdo Paulo, (6):1-79. 1989.



GRAHAM D. J. The Avifauna and the Vegetation Structure of a Mature Araucaria Plantation in Sdo Paulo. Brazil.

2 0%

<
BRI

2
o
et
%
3 2
o
g £
< c
= I3
- o
o
o 2
3
d
=
<<

Scrub areas

Exot

Study site

\J
a4

Trails

’

ne

Mist net set

@@ Buildings

300m

100 200

0

IF Série Registros, Sao Paulo, (6):1-79.

1989.

FIGURE 4 - Location of the study sites and mist net scts.



12

GRAHAM D. J. The Avifauna and the Vegetation Structure of a Mature Araucaria Plantation in Sdo Paulo, Brazil.

The two study sites A-1 and A-II (FIGURE 4) were selected because they were located in the
largest patch of Araucaria (an area of 41.6 ha) and were easily accessible from centrally located trails.
The study sites were defined as extending to 125 m from the central paths, and as least 50 m from the
edge of the natural forest. These criteria resulted in an area of 7.0 ha for site A-I and 8.6 ha A-II. The
50 m limit was chosen to reduce as much as possible any "edge effect” and to minimize the chances of
recording birds that were just inadvertently wandering into the Araucaria sites from the adjacent natural
forest. The bird data were collected either from, or very near the foot paths, so the 125 m limit was of
relevance only to the vegetation sampling. The size of the study sites was a compromise between an area
that was large enough to represent a habitat unit that might have its own bird community, and small
enough to be essentially homogeneous in vegetation structure.

3.2 Natural Forest Sites

The two natural forest sites N-I and N-II (FIGURE 4) were chosen for their convenient
proximity to the Araucaria plots and because they scemed to represent fairly uniform and similar areas of
natural forest. For the same reasons given above, the limits of the study sites were defined as being
125 m from the path and at least 50 m from the adjacent Araucaria plots. Site N-I had an area of 6.6
ha and site N-II an area of 11.8 ha.

At each of the four study sites, distance markers were placed along trails at 100 m intervals.
These were instrumental in the ficld for precisely locating pre-chosen stations for both the bird and
vegetation sampling.

No systematic surveys were made of the study sites to determine the species composition of
their plant communities. It is not possible to say whether any of the study sites differed from the other
sites in this respect (with the obvious exception of Araucaria angustifolia). In the author’s opinion
however, there were no distinctive differences in species composition.

The lower strata of the forest at each site appeared extremely similar. There was perhaps a
smaller variety of tall tree species in the A-I and A-Il sites, simply because Araucaria angustifolia
dominated the canopy.

A fairly extensive plant list was obtained from two subjectively chosen stations in A-I. The list,
as well as a few additional identifications from A-II and N-II, is included in this report as Appendix 4.
The list is by no means complete but gives a general impression of the study sites species composition.
BAITELLO & AGUIAR (1982) should be referred to for their more complete listing of tree and shrub
species known of the Serra da Cantareira. Notes that were recorded by the author on the use, by
nectarivorous and frugivorous birds, of about 30 species of plants, will be included in a subsequent
publication on the avifauna of the Serra da Cantareira (GRAHAM, in prep.).
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4 METHODS
4.1 Vegetation Sampling

A variety of vegetation sampling methods were employed to quantify the structure and density
of the forest vegetation. The most important of the sampling techniques was an original approach that
yields a "foliage volume profile". The "point-centred quadrat” method of COTTAM & CURTIS (1956) was
employed to obtain data on the density of the shrub and tree layers. This method also provided a means
of randomly choosing tree and shrub samples for the foliage volume calculations. The characteristics of
the foliage are described with a method adapted from the "Universal system for recording vegetation" of
DANSERAU et alii (1966). Finally, data on the foliage density near ground level were collected
separately with a "coverboard". Each of the four studies sites was sampled at ten stations except for site
A-IT which was inadvertently only sampled at nine stations. The sampling procedure required about one
and a half hours at each station.

411 Location of the Sampling Stations

In order to randomly locate the sampling stations, a grid was laid over a map of the study
sites with the grid lines 25 m apart. Each intersection point on the grid was marked on the map as a
potential sampling point and numbered. These stations were thus located at a maximum distance of
125 m from the trail. A minimum distance of 25 m from the trail was chosen to avoid the sampling of
areas that were near the paths. The number of potential sample stations ranged from 85 at Site A-1 to
169 at N-II. Ten stations were then chosen in each of the four areas using a randon number table.

To allow location of the chosen stations in the field, the map was used to predetermine a
starting point on the trail (always at a precisely located distance marker), a compass direction to follow
and an exact distance to pace out. The exact location of the station was marked with a stake.

4.1.2. Tree and Shrub Densities

As detailed by COTTAM & CURTIS (1956), the chosen sampling point was the centre for
four imaginary "quadrats", as defined by the four compass directions. Within each quadrat, the distance
was measured to the nearest shrub and the nearest tree. In this study, shrubs and trees were considered
separately so as to provide more complete information on the upper forest levels. A "shrub" is defined
here as any woody plant which has a height from 0.5 m to 8.0 m. This arbitrary choice was principally
one of convenience, since the data from the shrub and tree categories are combined in the data analysis.
If the shrub and tree categories had not been separated in the field, the relative abundance of shrubs
would have simply reduced the proportion of data pertinent to the upper forest levels.

The mean distance to the nearest tree or shrub in each quadrat (this distance the fined as D)
provides an indirect measure of density as it can be demonstrated that the reciprocal of D squared is
equal to the density. The density of the shrub and tree categories at each sampling station were used in
the foliage volume profile calculations as described below. The mean densities were also calculated for
each study site.

IF -Série Registros, Sdo Paulo, (6):1-79. 1989.



14

GRAHAM D. J. The Avifauna and the Vegetation Structure of a Mature Araucaria Plantation in S3o Paulo, Brazil.

4.1.3. Foliage Volume Profiles

In order to calculate the foliage volume, the parameters listed below were considered for every
shrub and tree that was selected for the density calculations. Four shrubs and four trees were thus
sampled at each station.

Height The height was estimated by eye, as it was discovered that other conventional
measurement techniques (requiring sighting of the top of the tree while fairly distant from it) were
extremely difficult to use in the dense tropical forest. My height estimations were regularly "calibrated"
against known heights.

Crown depth: The depth of each individual's crown was the difference between the overall
height and the estimated height of the lowest part of the crown.

Crown diameter This value was determined by measuring, on the ground, the linear distance
through the area over which the crown projected.

Crown shape: The crown shape was described by choosing a geometric shape which most
closely approached its true configuration FIGURE 5 illustrates the four basic geometric shapes which were
used and describes three variants then.

The calculation of the crown volume for each individual took into account all the above values
and was based on the volume formulas given in FIGURE 5. The determination of a foliage volume
profile requires that a number of height classes be arbitrarily defined. Four-metre intervals were chosen
(the lowest interval was only 3.5 m since it started at 0.5 m above ground) as it was found that using
finer division, such as of two or three metres substantially increased the variability of the results*. The
formulas for acrown slice", also given in FIGURE 5, were used to calculate that part of the crown’s
volume in each of the height classes.

A computer programme was written which, for every individual tree and shrub, calculated the
volume of foliage in each height class. The value thus obtained were, for each individual, the m> of
foliage/height class. These values were then subsequently divided by the depth of height class and
multiplied by the appropriate density value of the station (depending on whether the individual was a
shrub or a tree) to give the m> of foliage m>of each height class. The eight values for each station were
summed and averaged and considered one independent datum. The foliage volume profile for the study

site was drawn using the mean values of each height class.

4.1.4. Characteristics of the Foliage

The size and shape of the leaves of each sampled individual were summarily described using
the vegetation recording system of DANSEREAU et alii (1966). That part of their classification which was

(*) The height classes were thus: 0.5 - 40 m, 40 - 80 m, 8.0 - 120 m, 120 - 16.0 m - 16.0 - 20.0 m, 20.0 - 24.0 m and 24.0 - 28.0 m.
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Shape B: Partial Sphere
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Shape C is an inverted partial sphere.

4.

Shape D: Upright cone

V = qr’h V = q st sh

3 3

where st = r sh

h

Shape E is an inverted cone and shape F is equal
to an upright cone and an inverted cone placed
end to end (a spindle shape).

Shape G: Cylinder

V=91 h V=971 sh
Note

h = crown depth estimated in field

r = crown radius estimated in field

sh = depth of the crown slice (thus a defined

value)

st = radius of the crown slice (if not known,
this value can be calculated from known
values)

FIGURE 5 - Crown shapes and volume.
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adopted is defined below. Their "medium" category of leaf size was divided into two finer categories:
"small" and "medium" (their "small" becomes my ‘very small").

Leaf shapes

0 Leafless

n Needle, spine, scale or subulate

g Narrow (defined here, as at least twice as long as broad)
h Broad (less than twice as long as broad)

q Thalloid ("an amorphous outline")

v Compound

Leaf sizes

r Very small: < 2.25 cm? (= 1.5 cm squared)

t Small: 2.25 10 2025 cm? (= 4.5 cm squared)

m Medium: 2025 to 18225 cm? (= 13.5 cm squared)
u Large: 18225 to 1640.25 cm? (= 405 cm square)
y Very large: > 1640.25 cm?

4.1.5. Foliage Density Near Ground Level

The measurements of foliage volume described above were only relevant to the foliage found
at heights above 0.5 m. Many species of birds in tropical forests are either terrestrial or inhabit the
vegetation layers very close t0 the ground so it was thought useful to have some measure of the ground
level foliage density. Direct measurements of foliage density could be conveniently done by an abserver at
ground level

Foliage density was measured by using a "coverboard", a square panel 30 cm x 30 cm covered
by a checkerboard pattern of black and white squares which were each 5 cm x 5 cm (MACARTHUR &
MACARTHUR , 1961). The distance (D) from the coverboard, at which one half of the squares were at
least partially obscured by vegetation, was measured by an observer whose eye level was at the same
height as the middle of the board. The coverboard was successively hung on the four sides of the stake
that marked the exact location of the sampling station (facing directly in each of the four compass
directions) allowing four measures at each sampling point. A set of measures were taken at 0.3 m and at
1.5 m from the ground.

As explained in more detail by MACARTHUR & MACARTHUR (1961), n, the leaf
sithouette per unit of board area (unit size itself is unimportant), can best be estimated by the first term
of a Poisson distribution such that n = 1n 2. The foliage density it self is equal to n/D or 1n 2/D. The
density is measured as m>of leaf silhoueite/mr.

An interpretation of how many squares are covered by vegetation can be quite subjetive and
there would probably beconsiderable variation between individual observers. To minimize this factor, the
author made all the coverboard measurements.

IF Série Registros, S0 Paulo, (6):1-79, 1989.



17

GRAHAM D. J. The Avifauna and the Vegetation Structure of a Mature Araucaria Plantation in Sdo Paulo, Brazil.

The four measures from each station were averaged to give one independent measure of the
foliage density at each of the two heights. Overall mean values of density for the study sites are the
means of all station values.

4.2 Bird Sampling with Mist Nets

KARR (1981a) provides an excellent summary of information about mist netting in the tropics.
Most of the methods he suggests were followed quite closely in this study.

Each netting session consisted of a linear deployment of five nets end to end. The
four-shelved, black mesh, nylon mist nets had a mesh width of 38 mm, a height of 2.1 m and a length of
9.1 m. The nets were set as close to the ground as possible since previous studies in the tropics have
shown that a disproportionate number of bird captures are made very near the ground (TERBORGH &
WESKE, 1969).

Many factors are known to have an influence on netting results (KARR, 1981a). Important
sources of variation, excluding those attributable to different habitat types, are: time of day, time of year,
weather and the number of days nets are opened in any given location. As detailed below, all of these
factors were kept as uniform as possible between the study sites, since the variation of interest in this
study was precisely that due to habitat differences.

No netting was ever conducted during periods of precipitation, heavy fog or strong winds.
Weather conditions were therefore essentially quite uniform for all netting periods. The only weather
variable that was recorded during netting was the percentage of cloud cover. :

Each of the four study sites, was sampled with three different lines (FIGURE 4). At each site,
the net sets were labelled as the a, b and ¢ lines. Lines a and b were each run for two days, and line ¢
for three days, giving a total of seven days at each site.

The a lines were sampled in the period from 14 November to 13 December 1985 and b
lines from 13 to 30 January 1986. The a and b lines were both set parallel to, and at the edge of the
paths. Their location within each study site was subjective: approximately 75 m from each end of the
study site both with their exact locations chosen to minimize local variations in relief. These neis were
run from about 6:30* (shortly after sunrise) till about 11:30. The two days of netting were often, both not
always, on consecutive days. It is only after three days of consecutive netting in any one location that
capture rates start to decline significantly (KARR, 1981a; personal experience).

The ¢ lines were placed perpendicular to the path, and set back about 15 m so that the
entire length of the set was in undisturbed forest. These lines were run during the period from 25
February to 27 March 1986. The nets were opened on three different days before being dismantled and
moved to the next site but on no occasion were they opened on three consecutive days. Nets for this

(*) Daylight saving times in effect after 14 March have been adjusted to agree with the clock seftings in effect during the summer. All times are
by the 24 hour clock. :
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final group of sites were opened from about 7:30 till 15:00 or 16:00. One might certainly expect that
different species or different numbers of birds would be captured when netting away from the paths; since
each area was sampled similarly, this should not have caused differences between study sites.

It was considered particularly important that each time period of the day be sampled equally
since it is perhaps this factor that most strongly influences capture rates. TABLE 1 below shows the
distribution of sampling efforts among the four study sites for each time period of the day. One net-hour
is an hour of mist netting with a single net. Since five nets were always used for this study, an hour of
mist netting was equivalent to five net-hours. The total number of net-hours differed only very slightly
between study sites and this was largely a consequence of differences in numbers of net-hours in the
afternoon - a period when very few birds were captured. For the purposes of comparing numbers of
captured birds, the sampling effort is considered equal at each site.

The nets were usually checked every 60 to 90 minutes, with a minimum period between
checks of about two hours. For the purposes of this study, the only information of interest was the
number and identity of each species. Additional information was however recorded for each bird such as
sex, age, the moulting pattern (if any) of remiges and rectrices and the extent of moult of body feathers.
This information will be considered elsewhere (GRAHAM, in prep.). No birds were banded, but in order
to approximately determine the recapture rate, all birds had a unique combination of one or two rectrices
of remiges clipped neatly at the end of the feather. This method provides only an approximate recapture
rate because of feather loss and moulting patterns. Definite recaptures, of which there were very few,
were considered no differently from new, unmarked birds. KARR (1981a) recommends this approach if
one’s objective is simple to define activity levels. On three occasions a bird was recaptured on the same
day. These individuals were not reconted.

TABLE 1 - Mist netting effort (numbers of net-hours) at each study site.

Time period A-l A-Il N-I N-II Total
6:00 - 8:00 394 386 36.6 328 147.4
8:01 - 10:00 69.2 69.2 69.2 69.3 276.9
10:01 - 12:00 58.6 59.3 58.2 59.8 2359
12:01 - 14:00 29.8 29.7 ' 29.8 29.9 119.0
14:01 - 16:00 28.6 29.8 26.1 29:7 114.2
16:01 - 18:00 6.2 5.0 1225 23.7
Total 231.8 231.6 219.9 2338 917.1

4.3 Bird Censusing with Fixed-ratius Point Counts

The survey method that was used in this study, to complement the mist netting, involved
fixed-ratius point counts. This counting technique yields a measure of relative densities.

Each count was of a duration of 20 minutes, and involved the recording of every bird seen or
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heard within a radius of 25 m of the stationary observer. All counts were conducted along one of the
paths that passed through the middle of the study site. The 25 m radius was chosen as it represented the
approximate limit of visibility under these conditions. A certain error was involved in estimating the 25 m
radius, but the observer’s perception of this distance was frequently checked against known distances and
was usually very accurate. Variable-radius point counts (and most other couting techniques that measure
absolute densities) require that a distance by estimated to each recorded bird. This approach undoubtedly
involves more estimation error than that in which the observer needs only to be able to estimate a single,
constant difference.

Birds that were seen flying over the forest were not included in the counts because it was not
considered that such wide-ranging individuals could be truly considered as associated with the habitat
being surveyed. Birds thus excluded were swallows, swifts, vultures and most hawks and parrots. Any bird
that flew by within the canopy was counted. Unidentified species were noted as being on or near the
ground, in the understory (approximately to 5 m), in the mid-levels (5 - 20 m) or in the canopy
(20+ m). Detailed notes were made on all unknown birds and calls, and some of these proved to be
subsequently identifiable.

On any given day of survey at a study site, anywhere from one to four consecutive counts
were made. Each count was at least 100 m from the previous count t0 minimize the possibilities that the
same birds would be counted twice. It is possible that a very few wide-ranging birds were nevertheless
included on successive counts, but this never obviously ocurred. When arriving at the location of the point
count, the observer first remained very quiet for a period of exactly four minutes before injtiating the
count. It was anticipated that very shy species might be more likely to be subsequently counted. All
counts were done unassisted by the author.

On each day of censusing, the count locations were determined before going in the field. They
were chosen so that, at any given time, the completed counts would be uniformly spread along the path
of the study site. Given that a relatively small length of trail was being surveyed, it was inevitable that
some individuals would be included on different counts. The approach adopted minimized recounting as
much as possible. A random selection of count locations, resulting in unequal spacing between counts,
could have led to more birds being counted twice (either because counts would be 100 close (0 each
other on any given day or because, on different days, there would be a higher probability of recounting
resident birds on their territories.)

The counts were conducted in two different groups: afternoon counts and morning counts. The
above criteria for spacing the counts were applied separately to each group. The afternoon counts were
conducted from 24 September to 11 November 1985. On every day of afternoon censusing, four
consecutive counts were done at a single study site: always at 15:40, 16:10, 16:40 and at 17:10. A total of
12 counts were done at each study site.

With the initiation of mist netting activities in December, it proved impractical to .continue the
afternoon point counts. It was however possible to conduct point counts between mist net checks. The
morning counts were thus not done at set times nor in set numbers, but locations of any possible point
counts were always predetermined as outlined above. Point counts were never done at the same study site
at which netting was being conducted. The morning counts were all done in the period from 11
December to 29 March 1986. Starting times for the counts were restricted to the time period from 07:00
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to 10:00. Sixteen morning counts were done in each area.

5 RESULTS
5.1 Vegetation Sampling

Because of their voluminous nature, only summaries of the vegetation sampling data are
presented here. Full printouts of the vegetation data (and of the bird data) are available from the author.

5.1.1 Tree and Shrub Densities

TABLE 2 gives the mean density values for the shrub and tree categories of each study site.
Although the densities are based on a total of 36 or 40 measurements, the number of independent
measurements (n) is only equal to the number of sampling stations (9 or 10). Within each study site,
there was a considerable variability among the various stations as concerns the density of both the shrub
and tree layers. This variability is reflected by the high standard deviations of the means and the
correspondingly large 95 % confidence intervals of the means.

TABLE 2 - Tree and shrub densities as calculated by the point centred quadrat method.

Mean density

(no./m2)+ 95 % Standard
Study site Conf. limit Deviation n
Shrubs (<=8 m)
A-l 146 £ 1.44 2.02 10
A-ll 069 * 0.36 0.46 9
N-I 083 I 028 0.39 10
N-II 1.18 * 0.62 0.86 10
Trees (>8 m)
A-l 0.10 £ 0.04 0.06 10
A-lI 0.13 £ 0.08 0.10 9
N-I 0.10 £ 0.05 0.07 10
N-II 0.12 + 0.05 0.08 10

For both the shrub and tree categories, the study site means were compared with each other
through the use of unpaired two sample t-tests. In no case could it be concluded, at a 95 % confidence
level, that any two study sites had significantly different mean densities. The high shrub density value at
A- T was largely the result of a single, unusually dense station. The exclusion of this one datum would
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give a new mean of 0.80, resulting in fairly uniform densities at A-I, A-Il and N-I compared to a higher
density at N-IL

5.1.2 Foliage Volume Profiles

TABLE 3 gives mean foliage volume for each height class and for each study site. In addition
to the total foliage volume, the part of this total that was represented only by Araucaria angustifolia, at
the study sites A-I and A-Il, is also shown. FIGURE 6 is a graphic representation of the foliage volume
profiles for each site. It should be noted that the values are m> of foh'age/m3 of space within each height
class.

The standard deviations of the mean values of foliage volume are very high, indicating a great
variability among stations. No further statistical testing would be justified, and in fact, little reliability can
be accorded the apparent strata of some of the study site profiles. Overall, it can be only stated that no
consistent stratification is apparent in either the Araucaria study sites nor in the natural forest sites.
Impressions in the field would support an apparent abscence of strong stratification.

One important difference between the two groups of study areas is however immediately
apparent from FIGURE 6. The two Araucaria study sites had a considerable volume of foliage in the
24.0 - 28.0 m height class whereas the two natural forest study sites had virtually no foliage in this height
class. This heights of 25 to 28 m whereas in the natural forest areas, few trees where so tall. This
volume, at A-I and A-Il, was almost entirely formed by Araucaria The total amount of foliage in the
rate classes from 12.0 to 24.0 m appears to be similar at all study sites, but it is of interest to note, that
at sites A-1 and A-Il, an important proportion of this foliage is represented by Araucaria (not below
16.0 m at site A-II). Since the foliage of Araucaria must represented a very different microenvironment
for forest birds, it can be expected that this difference is of some biological interest.

TABLE 3 - Foliage volumes by height classes (m3 of foliage/m3)

Height classes Means of all Standard Araucaria only

(m) stations deviations (means) n

A-l
05 - 4.0 0.124 0.290 10
40 - 8.0 0.183 0.234 10
8.0 - 12.0 0.153 0.145 0.050 10
12.0 - 16.0 0.296 0.606 0.124 10
16.0 - 20.0 0.226 0.249 0.075 10
20.0 - 24.0 0.268 0.328 0.180 10
240 - 280 0.089 0.157 0.080 10

A-Tl
05 - 4.0 0.143 0.226 9
40 - 80 0.266 0.389 9
8.0 - 12.0 0.158 0.128 9
continuation
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cont. TABLE 3
Height classes Means of all Standard Arauearia only
(m) stations deviations (means) n
12.0 - 16.0 0.074 0.119 9
16.0 - 20.0 0.053 0.125 0.046 9
20.0 - 24.0 0.205 0.331 0.185 9
24.0 - 280 0.058 0.173 0.052 9
N-I
05 - 40 0.162 0.241 10
40 - 80 0.137 0.165 10
8.0 - 12.0 0.124 0.148 10
12.0 - 16.0 0.388 0.297 10
16.0 - 20.0 0.234 0.247 10
20.0 - 24.0 0.097 0.178 10
24.0 - 28.0 0.006 0.016 10
N-II
05 - 4.0 0.099 0.103 10
4.0 - 80 0.056 0.056 10
8.0 - 12.0 0.165 0.210 10
12.0 - 16.0 0.167 0.227 10
16.0 - 20.0 0.167 0.240 10
20.0 - 240 0.142 0.251 10
240 - 280 0.003 0.011 10

5.1.3 Charcteristics of the Foliage

The data in TABLE 4 provide information on the leaf shapes and sizes of the foliage at each
study site. Data are provided for all height classes combined.

The principal points of interest that emerge from an cxamination of these data, is once again
the preponderance of Araucaria at sites A-I and A-Il. The proportion of the total amount of foliage that
is accounted for by this species (which exclusively represents all needle shaped leaves and all "very small"
leaves), is 39.2 % at A-l and 34.0 % at A-Il. Two other trends of interest can be pointed out, but it is
doubtful if much statistical significance could be attached to them. Site N-II seems to have a relatively
greater proportion of its foliage in the "medium" size category. Secondly, the Araucaria sites are
distinguished by having a small proportion of their foliage accounted for by "large" and "very large" leaves
which were not sampled at all at the natural forest sites. The large-leaved species were Bathysa australis,
Alchornea spp and arborescent ferns (probably Dicksonia sp).
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FIGURE 6 - Foliage volume profiles for each study site.
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TABLE 4 - Characteristics of the foliage at each study site?.

Study site

Leaf characteristic A-l A1l N-1 N-1I

Leaf shapes
Leafless 5.0 % 42 % 25 %
Needle 30.2 340
Narrow 24.1 9.0 54.2 34.1
Broad 34.6 57.0 45.8 65.9
Thalloid
Compound 21

Leaf sizes
Very small 392 34.0
Small 2.7 19.1 64.8 344
Medium 16.3 30.6 35.2 65.6
Large 13 16.3
Very large 1.7

(a) Values for the leafless category are the percentages of the total number of sampled individuals that were leafless. All other
values represent percentages of the total volume of foliage. See text for a more complete definition of the shape and sizes

categories.
5.1.4 Foliage Densities Near Ground Level

Foliage densities near ground level were quantified by a direct measure of foliage density with
a coverboard. The results are shown in TABLE 5 and FIGURE 7 presents them graphically.

TABLE 5 - Foliage densities near ground level (m2 of leaf silhouette/mz).

Study Mean * 95 % Standard

site conf. limit deviation n
At 03 m

A-1 0.62 + 036 0.50 10

A-I1 0.60 = 0.19 0.24 9

N-I 1.13 * 0.88 1.24 10

N-II 2.14 £ 2.08 291 10
At 15 m

A-l 0.29 £ 0.10 0.14 10

A-IT 148 = 1.72 2.24 9

N-I 0.77 £ 0.80 1.13 10

N-IT 047 £ 0.27 0.38 10
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FIGURE 7 - Foliage densities (m2 of lcaf silhoucllc/mz) near ground level.

Once again, high statistical variability does not inspire much confidence in these data. The
particularly high foliage density at 0.3 m for N-II is though noteworthy. This sitc had howcver a low
foliage density at 1.5 m; although not impossible that such a difference could exist between the two rates,
this seems somewhat unlikely. Area A-I had a consistently low foliage density at both heights.

5.2 Bird Sampling Results

The data are not provided here on the results of every netting session and every point count,
but the nettting and count totals for each specics and each study site are included in Appendix 1. This
appendix also includes the English names of birds species referred 1o in the main text. Before beginning
the atual analysis of the bird communities*, the section that follow provide a general r¢sum¢ of the bird
sampling results.

(*) See the DISCUSSION section for an explanation of the sense in which the term "bird community" is employed.
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5.2.1 General Results
Mist netting

A total of 247 birds were captured during 917.1 net-hours of operation for a mean of 0.27
birds/net-hour. As explained in the Methods section, birds were not banded in this study but where
marked by clipping a rectrix or a remige. A consideration of moulting patterns and feather loss led to the
calculation that about 20 % of the apparently non-marked birds could not positively be considered as new
birds. Only six birds were definitely recaptured, so it can be assumed, that at most, two or three
recaptured birds went unrecognized. A total of eight or nine recaptures would give a recapture height of
only 3 to 4 %.

In four of the six recaptures, the bird was recaptured in the same net set within at most a
few days of the initial capture. The two other recaptures were a Sittasomus griseicapillus captured at N-II
on 13 January and recaptured at the same site more than two months later on 21 March, and the only
inter-site recapture, a Chiroxiphia caudata in A-II on 15 January, recaptured a week later in A-L

The third net set (line ¢) at each study site was located in the forest whereas the [irst two net
sets (a and b) were set beside and parallel to the path. The ¢ lines remained open until later in the day
and for three days rather than two; both factors would have depressed the overall mean capture heights.
To evaluate the effect of net location, I compared lines a and b to the first two days of nctting and only
for netting periods up tll noon of the c¢ lines. A mean number of 0.27 birds/nct-hour was
captured in the forest sets and 0.34 birds/net-hour in the path sets. The results would suggest that many
birds preferentially occur along the paths, presumably exploiting the edge habitat for foraging or for local
movements (the latter being obviously the case for hummingbirds which were frequently to be scen flying
up and down the paths).

Point counts

The 16 morning and 12 afternoon counts are combined in the analysis of the following
sections but the differences between these two groups are of interest. Grouping all the study sites
together, the mean number of birds/count was 8.4 for the morning counts (n=64) and 5.5 for the
afternoon counts (n=48). The mean number of species was, respectively, 7.0 and 4.5.

Unidentified birds represented 18 % of the total number of 801 birds recorded (unidentified
hummingbirds accounted in turn for a quarter of this total). The percentage of unidentificd birds — was
25 % for the afternoon n counts, and 15 % for the morning counts, reflecting simply the improvement in
the author’s field identification skills: the afternoon counts were done in September and November 1985
and the morning counts from mid-December 1985 to March 1986. The percentage of records that was
only auditory was 58.1 % (65 % for unidentified birds).

Of anedoctal interest is the proportion of point counts on which monkeys were recorded
(within about 100 m). The Brown Howler Monkey Alouatta fusca was recorded on no less than 22 ¢ of
all counts. It can be noted in passing, that on a few occasions, their deafening howling at closc quarters
surely affected the observer’s ability to hear birds. The lovely Titi Monkey Calicchbus personatus was
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recorded on one point count. The two other species of monkey that occur in the Scrra da Cantarcira
were both recorded on the study sites: the Tufted Capuchin Monkey Cebus apella was commonly noted
feeding on the fruits of Araucaria in March while the Buffy Tufeted-ear Marmosct Callithrix aurita was
only rarely seen.

Effects on cloud cover

None of the bird work was ever done under any extreme weather condition. The only weather
factor that did vary to any important degree was the percentage cloud cover: recorded for all netting and
point count work as < 50 %, > 50 % or 100 % cover. The results (data not prescented) indicated no
effect whatsoever due to cloud cover. This conclusion was further supported by similar data [rom about
370 birds that I mist netted in the Parque Estadual da Capital in work not related to this rescarch
(unpublished data). ROBBINS (1981) looked at the effect of cloud cover on Breeding Bird Survey results
from North America and came to similar conclusions.

Time of day and year

The influence on counts due to the time of day was substantial and expccted. FIGURE 8
shows the trends that resulted from the point count sampling. The mist nctting results showed similar
trends with a steady decline in capture rates from carly morning till late afternoon. No effect could be
demonstrated for the time of the year (data not presented) indicating an absence of any strong trends in
bird abundance or activity during the study period.
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FIGURE 8 - Effect of the time of day on the mean number of birds/point count.
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Number of bird species versus effort

A graph of the cumulative number of species versus the cumulative effort is of considerable
interest since it provides information on the number of species in the study area, and on the
completeness of the sampling programme. A number of mathematical equations have been proposed
to represent this relationship. DAWSON (1981) stated that a plot of the number of species versus the
logarithm of the effort should result in a straight line. This semilogarithmic relationship can be
mathematically expressed as s, = s; + alog n, where S is the number of species, a is a coefficient that
describes the rate of increase with increasing effort and n is the measure of effort. The coefficient a is

estimated by: a = (S; - Sp)/log t, where t is the total effort that was expended (DAWSON, 1981).

FIGURE 9 is a graph of this semi-logarithmic relationship for the mist netting. The data for
all sites combined are plotied, as well as an example of one of the study sites. Plots of the other study
sites were similar. The number of species that would have been captured if the mist netting effort was
very extensive, should approximate the total number of species that could conceivably be netted. These
values and the coefficient a were calculated where n = 2300 hours (approximately 100 mornings of mist
netting which would result in capture of about 620 birds) for each site and for all sites combined. The
number of species 10 be expected would be 40, 53, 43 and 51 for A-I, A-Il, N-I and N-II, respectively.
The actual number of species recorded at each site varied from 51 % to 60 % of these totals. For all
study sites combined, 54 spp. would be expected and 45 were in fact captured (83 %).
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FIGURE 9 - Cumulative number of species versus mist netting effort
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The point count data for all sites combined, and again for a single study site, are presented in
FIGURE 10. As indicated on the graph, the initiation of morning counts resulted in a noticeable change
in the value of the coefficient a making an interpretation of the results difficult. The 64 morning counts
(representing 59 of the 69 spp. recorded on all counts) were therefore considered alone. There was no
apparent levelling off of the number of new species after 64 counts. The semi-logarithmic plot is therefore
not linear although a logarithmic plot is almost perfectly so (data not presented).
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FIGURE 10 - Cumulative number of species versus number of point counts.

The linearity of the logarithmic plot would suggest that the value of the coefficient a was itself
increasing at a regular rate. The obvious explanation of this trend, not evident in the mist netting, is that
the point counts were done by an observer who was continually improving his field identification skills. An
extrapolation of the total number of species cannot be made from the logarithmic plot, since it would
cease to be linear as soon as a plateau was reached in field identification skills.

The number of "recordable” species can not be reliably calculated, but it can be noted that
from the list of all species known from the study sites (Appendix 1), about 100 could rcasonably bc
expected on a point count. It would seem that the point count effort, during which 64 species were noted,
recorded a relatively smaller proportion of possible species than the mist netting.

5.2.2 Community Level Analysis

The bird communities associated with each study site are compared in the following sections
at three successively finer levels of interpretation: i) community level (total numbers of birds, species
diversity), ii) guild level and iii) species level

TABLE 6 presents an overview of the community level results. The species diversity of the
bird community at each study site is measured by the Shannon-Wiener Information Theory function
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(KREBS, 1985): H = - I (p;) (log p;, where p is the proportion of the jth species. These results are
graphed on FIGURES 11 and 12.

TABLE 6 - Community level analysis of total bird numbers and species diversity.

Study site
A-l A-ll N-I N-II Total
Point counts
Number of birds 124 170 139 224 656
Number of species 32 42 36 40 69
Species diversity (H) 1:32 1.40 135 1.40 1.49
No. of point counts 28 28 28 28 112
Mist netting
Number of birds 58 69 41 79 247
Number of species 24 30 22 30 45
Species diversity (H) 1.27 132 1.27 1.38 1.46
No. of net-hours 231.8 231.6 219.9 233.8 917.1
Total number of species 40 55 47 50 80
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FIGURE 11 - Total bird numbers for point counts and mist netting at each study site.
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FIGURE 12 - Species diversity for point counts and mist netting at each study site.

The differences between the study sites are consistent, but surprising, and not the results that
were expected. Site N-II in the natural forest has the highest numbers of birds and highest species
diversities followed by A-Il (which however has the highest combined number of species), N-I and then
A-l. The effort at each study site was equal for all bird sampling so, if there were no inter-site
differences at the bird community level, equal numbers of birds should have been recorded at each site.
This hypothesis can be simply tested with the Chif statistic. For both the point counts and the mist
netting, the Chif value (see TABLE 7 in the next section) is highly significant (p .01). The fact that two
very different survey techniques resulted in such consistent and statistically significant differences is
compelling evidence of real differences in these bird communities. The species diversity results show the
same trends as for the total numbers data.

5.2.3 Guild and Species Level Analysis
Given the significance of these trends in the data, it becomes of particular interest to

determine which components of the bird community contributed to these differences. An analysis at the
guild level, supported by data from the most commonly recorded species, will serve that purpose.
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TABLE 7 - Guild level analysis of the point count and mist netting data.

Study site
Guild (guild code) Al A N-I N-II Total  Chi%c
Point count results 2
Large ground level omnivores (Glo) 2 4 0 2 8 4.0
Large ground level insectivores (Gli) 2 0 3 3 8 3.0
Small ground level insectivores (Gsi) 12 18 15 33 78 13.4%*
ALL GROUND LEVEL GUILDS (124 %) b 16 22 19 42 99 16.8**
Small understory omnivores (Uso) 8 24 9 29 70 19.3**
Small understory insectivores (Usi) 10 11 