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Abstract

Damage caused by Sapajus nigritus to pine plantations is common in southern and southeastern Brazil. To assess
the susceptibility to these primate attacks, the average percentage of trees with damage was calculated in
continuous inventory plots of nine tropical and temperate Pinus spp. species, from four company plantations
within the states of Parana and Santa Catarina. The results indicated a preference for P. taeda and P. greggii,
with almost 97% of trees damaged. Regarding the least susceptible species, P. patula and P. palustris trees
showed little (0.01%) or no damage. The other Pinus species ranged from 1.4 to 11.8% damage. The preference
of Brown-capuchin monkeys for P. taeda is particularly worrying, as it is the most widely planted species in
southern Brazil. However, other species that suffer little or no damage could be used as an alternative plantation
species that enable the diversification of crops and opens new perspectives for the improvement and genetic
engineering of pine, which take into account the needs of different producers. It is recommended however, that
these strategies are combined with the recovery of native forests, since damage to forest plantations is related to
the low quality of the remaining surrounding native forest patches.
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Resumo

Danos causados por Sapajus nigritus a plantios de pinus sdo comuns no sul e sudeste do Brasil. Para avaliar
a susceptibilidade ao ataque desses primatas, foi calculada a porcentagem média de arvores com danos em
parcelas de inventério continuo de nove espécies de Pinus spp. tropicais e temperado em plantios de quatro
empresas nos estados do Parana e Santa Catarina. Os resultados indicaram preferéncia por P. taeda e P
greggii, com cerca de 97% das arvores com danos. No que diz respeito as espécies menos susceptiveis, P.
patula e P. palustris com poucas arvores com danos (0.01%) ou ndo apresentaram danos. Outras espécies de
Pinus variaram de 1.4 a 11.8% de arvores com danos. A preferéncia de macacos-prego por plantios de P.
taeda é particularmente preocupante, j& que é a espécie mais plantada no Sul do Brasil. No entanto, outras
espécies que sofrem pouco ou nenhum dano, poderiam ser usadas como espécies alternativas, que
possibilitem a diversificacdo de culturas e abre novas perspectivas para melhoria e engenharia genética do
Pinus, de acordo com as necessidades dos diferentes produtores. Recomenda-se, no entanto, que essas
estratégias sejam combinas com a recuperacéo de florestas nativas, uma vez que os danos estdo associados a
baixa qualidade dos fragmentos de florestas nativas no entorno dos plantios.

Palavras-chave: Manejo florestal; primata; Sapajus nigritus; descascamento; manejo de fauna.

INTRODUCTION

Brown-capuchin monkeys Sapajus nigritus (=Cebus [apella] nigritus) have an omnivorous diet
consisting mainly of fruits, seeds, bulbs, insects, bird eggs and small vertebrates (JANSON; BOINKSI, 1992;
WEHNCKE; DOMINGUEZ, 2007). They also show a large adaptability to anthropogenic forest ecosystems
(CHIARELLO, 1999). Thus, this primate often occupies native forests associated with agricultural and forest
plantations. Therefore, conflict emerges with producers on the basis of the damage that this primate causes to
some crops, especially to Pinus species in southern Brazil (KOEHLER; FIRKOWSKI, 1996; ROCHA, 2000;
SANTOS et al., 2007; MIKICH; LIEBSCH, 2014a).

Damage caused by Brown-capuchin monkeys to Pinus plantations are characterized by the removal of
portions of bark from the upper third of the trunks of mature trees, in order to consume the phloem and sap,
causing permanent damage (MIKICH; LIEBSCH, 2014a). Besides wood quality loss and reduction of the
volumetric increase (LIEBSCH et al., 2015), the increased risk of attack by opportunistic pests such as the wasp
timber (Syrex noctilio Fabricius (Hymenoptera, Siricidae)) and fungi can lead to the death of some damaged
trees (FIRKOWSKI; KOEHLER, 1996).
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The first reports of damage to Pinus plantations in southern Brazil are from the 1950s (KOEHLER;
FIRKOWSKI, 1996), but reports have increased in frequency in the last two decades, despite the low population
density of Brown-capuchin monkeys found in regions where forest plantations are common (MIKICH,;
LIEBSCH, 2014a). Currently there are records of damage caused by Brown-capuchin monkeys to forest
plantations in all three Southern Brazilian states, besides S&o Paulo State and Argentina (AGOSTINI et al.,
2015). While most reports involve Pinus plantations, damage has also been observed in native or planted
individuals of Araucaria angustifolia and in several Eucalyptus species (MIKICH; LIEBSCH, 2014a;
LIEBSCH; MIKICH, 2015).

The forestry sector in Brazil accounts for 5.8% of national GDP, and is especially important in the
Southeast and South, where Eucalyptus and Pinus plantations are dominant (ABRAF, 2013). In South Brazil
where this study was conducted, the forestry sector consists of more than 1.3 million hectares of Pinus,
representing 87% of the plantations of this genus in the country, and 624,000 hectares of Eucalyptus (ABRAF,
2013). These forest stands were established 50-60 years ago and their supply chains have great social and
economic importance (ABRAF, 2013). The distribution of Pinus plantations in Brazil is divided into two main
areas, the temperate and the tropical climatic zones (AGUIAR et al., 2015). Among the species grown in the
southern states, in temperate regions (Rio Grande do Sul, Santa Catarina and southern half of Parana), Pinus
taeda is the most common, followed by P. elliottii, both of which grown in large-scale commercial plantations;
P. patula is grown only experimentally at present. In regions without the occurrence of frost, especially in the
northern half of Parana state and southern S&o Paulo state, there is also commercial scale planting of tropical
species, such as P. caribaea, P. oocarpa, P. maximinoi and P. tecunumanii (AGUIAR et al., 2015). Among these
species, preliminary assessments suggest that P. taeda is the species most frequently damaged by capuchin
monkeys and that P. patula is avoided by this primate.

Although there might be a significant loss of timber production (LIEBSCH et al., 2015), the fact that the
animal responsible for the damage is a native species and, therefore, protected by the Brazilian environmental
legislation (Law no. 9.605, 12 February 1998), makes it necessary to search for management alternatives which
could reduce such damage without compromising the survival of the monkeys or native forests that shelter this
and other species. It is worth mentioning that there is already a recommendation (SANTOS et al., 2007) for the
species to not be regarded as a pest, but rather as problem populations, since it does not cause damage to forest
plantations in all areas where it resides. Furthermore, previous studies suggest that the presence of damage is
related to the low availability of food in the native forests adjacent to plantations, since the sap is only consumed
between August and December, when fruit production is low (MIKICH; LIEBSCH, 2014a). Although seasonal
variation in fruit availability is primarily a natural phenomenon associated with climatic variables (MARQUES
et al., 2004; LIEBSCH; MIKICH, 2009), degradation of native forests (area reduction, isolation and selective
extraction of species) can further reduce the supply of fruit and increase the pressure on alternative resources,
such as the sap of planted tree species (MIKICH; LIEBSCH, 2014a).

A series of measures to reduce the damage caused by S. nigritus to forest plantations have been
proposed, such as relocation of groups, sterilization of males, creation of firebreaks and supplemental feeding
(ROCK, 2000; MIKICH; LIEBSCH, 2014B). A critical review of these proposals, as well as the presentation of
potential alternatives, such as the identification of Pinus species with lower frequencies of damage, was
presented by Mikich and Liebsch (2014a). The results presented here are part of this strategy, developed in
partnership with the commercial sector in order to reduce the economic losses caused by S. nigritus to forest
plantations and minimize conflicts between production and conservation.

MATERIALS AND METHODS

Damage to nine species of Pinus was quantified for four tropical species (P. caribaea, P. maximinoi, P.
tecunumanii and P. oocarpa) and three temperate species (P. greggii, P. patula and P. palustris,), as well as two
species (P. taeda and P. elliottii) with distribution in both climatic zones (AGUIAR et al., 2015). Field surveys
were carried out in forest stands of four forestry companies, two in Parand and two in Santa Catarina State. The
selection of study areas took into account the presence of plantations with the following conditions: 1. Pinus
taeda with recent damage (in the last three years), confirming the presence of problem populations of Sapajus
nigritus in the area; 2. at least one other Pinus species with stands adjacent to that of P. taeda with damage,
providing an alternative feeding species for S. nigritus; 3. Plantations greater than 6 years old, as damage is
unusual in trees under this age (LIEBSCH et al., 2015).

The frequency of damage to the stands was recorded from April to June 2013 (after the annual period of
damage) in plots systematically distributed, previously used for continuous forest inventories by the companies.
Plots were circular, with their size ranging from 400 to 600 m?. Plots of the other stand species were set as close
as possible to those of P. taeda (average distance = 383 m, minimum = 28 m and maximum = 1.241 m) and
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without apparent isolating barriers (e.g. roads), although previous data suggest that a group of Brown-capuchin
monkeys can move up to 2 km/day, even crossing busy roads (unpublished data).

To evaluate damage among different species, we used the mean percentage of trees damaged in each
plot. The mean damage per species for each company and the percentage of overall damage were compared (all
species sampled). Differences in the mean of damaged individuals among species were compared by Kruskal-
Wallis and Mann-Whitney tests (ZAR, 1999).

RESULTS AND DISCUSSION

We evaluated 9,391 individuals from nine species of Pinus in 169 sample plots. The percentage of
damaged trees showed significant differences among the nine species (H = 138.5 p <0.01). In general (Table 1),
the species were divided into three groups: 1. High frequency of damage, with values close to 100%, including
P. greggii and P. taeda; 2. Mean frequency of damage with intermediate values, including P. oocarpa and P.
tecunumanii; 3. Low frequency or no damage, including the rest of the species. When data were analyzed by
sampling area (Table 2), the highest frequency of damage in P. taeda was evident in all comparisons. No damage
was observed in P. palustris. In P. patula, even when the damage was present it was in much lower percentage
(0.01%) than in P. taeda (74%).

Table 1. Mean percentage of individuals from different species of Pinus with damage caused by Brown-
capuchin monkeys (Sapajus nigritus) in 169 sample plots located in southern Brazil. Where: n =
number of plots sampled for each species of Pinus; % Damage = mean percentage of individuals with
damage in total sampled plots for each species.

Tabela 1. Porcentagem media de individuos de diferentes espécies de Pinus com danos causados por macacos-
prego (Sapajus nigritus) em 169 parcelas localizadas no Sul do Brasil. Onde: n= nimero de parcelas
amostradas para cada espécie de Pinus; % Danos = porcentagem média dos individuos com danos no
total das parcelas amostradas para cada espécie.

Species n % damage*
P. greggii 8 96.8a
P. taeda 72 80.3a
P. oocarpa 10 11.8ab
P. tecunumanii 6 45ab
P. elliottii 14 2.4b
P. caribaea 15 19b
P. maximinoi 8 14b
P. patula 29 0.1b
P. palustris 7 0.0b

(1) Means followed by the same letter in the columns do not differ by Kruskal-Wallis test at
1% probability.

Table 2. Frequency of damage to nine different Pinus species caused by Brown-capuchin monkeys in four
sampling areas of southern Brazil. Where: n = number of plots sampled for each species of pine in
each company (area); % Damage = average percentage of individuals with damage in total sampled
plots for each species in each company.

Tabela 2. Frequéncia de danos em nove diferentes espécies de Pinus causados por macacos-prego (Sapajus
nigritus) em quatro areas do sul do Brasil. Onde: n= nimero de parcelas amostradas em cada empresa
(area); para cada espécie de Pinus; % Danos = porcentagem média de individuos com danos de cada
espécie amostrados nas parcelas em cada empresa (area).

Areas and Species N % damage
Area 1 H=36.2 p<0.01®
P. taeda 17 85.6 a
P. oocarpa 10 14.8 ab
P. tecunumanii 6 45b
P. caribaea 15 4.0b
P. maximinoi 8 26b
Area 2 H=29.27 p<0.01®
P. taeda 19 80.3a
P. palustris 7 0.0b
P. patula 10 0.0b
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Area 3 H=47.61 p<0.01®

P. taeda 28 73.8a
P. elliottii 14 2.4b
P. patula 19 0.1b
Area 4 U=64 p<0.05@
P. taeda 8 100.0a
P. greggii 8 96.8 b

(1) Means followed by the same letter in the columns do not differ by Kruskal-Wallis test at
1% probability.

(2) Means followed by the same letter in the columns do not differ by Mann-Whitney

test at 5% probability.

The results clearly demonstrate that Sapajus nigritus is selective regarding the sap of some species of
Pinus, to the point of practically not consuming the sap of some species, even when they are as abundant and
easily accessible as the preferred ones. On the one hand this is a concern, since P. taeda, the species most
frequently damaged, is the most commonly planted species, with approximately 1.3 million hectares planted in
southern Brazil (ABRAF, 2013; AGUIAR et al., 2015). On the other hand, however, this information
demonstrates that other Pinus species are less susceptible to damage by this primate, which introduces the
possibility for diversification of crops in order to reduce economic losses.

Among the species with low intensity of damage, P. patula should be highlighted as an alternative for
locations with low temperatures, since it presents good growth (AGUIAR et al., 2015) and production faces
fewer obstacles than P. palustris, which could also be suitable for temperate climates, as no damage was
observed to the experimental plantings of this species. It is worth noting that, despite suffering damage, P. patula
is also cited as a species that has been negatively selected by groups of baboons (Papio ursinus) in South Africa
(FERGUSON, 2005). For tropical Pinus species, though all showed damage, the frequency of this has always
been much lower than in P. taeda. Among tropical species, however, P. caribaea is the only widely planted
species in Brazil's tropical region and parts of Parand, covering an area of approximately 700,000 hectares
(AGUIAR et al., 2015).

One of the main limiting factors to using several Pinus species is the long process involved in breeding
Pinus in Brazil, which initially focused on species with greater economic value, among them P. taeda, P.
caribaea and P. elliottii (AGUIAR et al., 2015). Large companies directed their breeding programs, supply
chains and technological processes towards these species, making it difficult for further research on other
species. However, it is important to remember that in addition to forest companies focused on pulp and wood,
the timber production of many small and medium producers can also be affected by monkeys. The tendency is
for these economic impacts to be greater for medium and small sized companies than for larger companies, due
to the smaller scale of commercial plantations among other factors. This situation has often led to the slaughter
of Brown-capuchin monkeys, which besides being an illegal practice, poses a threat to biodiversity and even to
the sustainability of production, as this primate is an important disperser of forest seeds (WEHNCKE;
DOMINGUEZ; 2007; MIKICH et al., 2015) and is potentially involved in the control of insect pests in forestry
and agriculture (MIKICH et al., 2015).

Thus, it is recommended that further research be directed towards breeding programs with alternative
Pinus species, diversifying crops and creating alternatives for small, medium and large producers focused on high
timber productivity and low consumption by Brown-capuchin monkeys. Furthermore, attention should be given to
the recovery of degraded forests (such as Legal Reserves and Permanent Preservation Areas) with fruit species
eaten by capuchin monkeys, particularly those that produce fruit out of peak fruiting times to reduce feeding
pressure on the Pinus sap. Minimizing this problem must involve not just research institutions and forestry
companies, but various sectors of society in the search for better ways of reconciling production with conservation.

CONCLUSION

e  Brown-capuchin monkeys do select positively (preferred) for the sap of some pine species (P. taeda and P.
greggii) and negatively (avoided) for others (P. patula and P. palustris).

o Homogeneous plantations of preferred pine species should be discouraged in areas with high incidence of
primate damage, especially among medium and small producers,

e Avoided pine species could be used directly as alternative crop species or as material for genetic and
chemical (search for repellents) engineering.
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o Conservation and restoration programs focused on improving the quality of native forest remnants and the
quantity of fruit available to capuchins during the austral winter should take place irrespective of other forest
management technique applied.
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