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Executive Summary 
The Chaco is a vulnerable ecoregion and of the highest conservation priority at a regional scale. In the Argentine Chaco, logging is one of the most frequent and widespread disturbances; nevertheless, its impacts have never been assessed. With RSG support, we began to investigate the impacts of two logging systems on the Chaco forest. The studied inter-fluvial forests were heterogeneous independently of its forest use and probably related to complex geomorphologic and edaphic patterns. I propose take geomorphologic and edaphic variables into account to control this heterogeneity in order to be able to answer the original question: does logging affect the biodiversity and regeneration of the Chaco forest? 

Objective: Our objective was to assess the immediate and short-term impacts of two logging systems on regeneration and diversity of the Chaco forest. We consider the objectives satisfactorily accomplished. 

Results: with support of RSG, we have detailed information on woody vegetation from 13 sampling sites: 4 unlogged forests, 3 forests that were selectively logged 1 year ago, 2 forests that were integrally logged 1 year ago, 1 forest that was selectively logged more than 10 years ago, and 3 forests that were integrally logged more than 10 years ago. In these 13 sites, we assessed 154 sampling units (200-m2 plots), a total of 3.08 ha sampled. The main product of this research has been a PhD dissertation, 1 congress presentation accepted, 1 symposium dissertation accepted, and 7 scientific publications in progress. The sites with higher species richness and different species composition (1 unlogged and 1 selectively logged more than 10 years ago) have a particular geomorphologic history and edaphic features in comparison with the other sites. The presence of only it in (Prosopis kuntzei) in one site and the prevailing in basal area of guayacán (Caesalpinia paraguariensis) in another could be caused by soil differences. The canopy cover was significantly lower at sites integrally logged. Respect forest regeneration, only two sites logged more than 10 years ago (integral and selectively) had a higher saplings density, mainly due to one shrubby species (Acacia praecox). However, this trend was not consistent because other sites with similar logging history had lower Acacia’s density. 

Teaching and Development activities: The environmental problems of Chaco region and results of the present work have been used as classroom examples and included in the Exercise Guide for the Experimental Design Course (2004-2006). Thus, Chaco environmental problems are being discussed by undergraduate students of Biology, Agronomic Engineering and Engineering of Natural Resources and Environment careers, Salta National University. 

Education – Public Information: As regards extra-curricular activities, the results were exposed to the public in general in Buenos Aires and Salta National University, Argentina. Part of the research team belongs as a member to the Assessor Commission of Copo National Park, and participated actively in the elaboration of the management plan of the protected area.
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I. WORK OBJECTIVES 
Our objective was to assess the immediate and short-term impacts of two logging systems on regeneration and diversity of the Chaco forest. 

Fulfilment of the objectives. 
The project objectives were widely fulfilled. With support of RSG and an additional subsidy (GEF-APN-BIRF) we assessed 13 sampling sites with different logging history, with 154 200-m2 vegetation plots sampled. The total area covered by the plots was 3.1 ha, with detailed information of the woody plant community (plants >5 mm diameter). 

Long-term plans proposed in the September 2004 application to 2nd RSG are being achieved satisfactorily. As regards Teaching, in 2005 I obtained a REGULAR teaching position at Salta National University, and participated actively in the dictation of both Experimental Design and Statistical Course, for students of Biology, Agronomic Engineering and Engineering in Natural Resources and Environment careers (undergraduate courses), as well as professionals of natural science (post-graduate course)(III.3). As regards Research and my professional formation, I participated in other research projects (III.1); I have finished my doctoral thesis, and have taken 2 post-graduate courses of the required for the doctoral career (III.4). Finally, as regards Formation of Human Resources, I was statistical assessor of 4 undergraduate thesis (1 in Biology, 2 in Engineering of Natural Resources and Environment, and 1 in Agronomic Engineering) (III.5) and now I am Veronica Quiroga´s fellowship director in a project granted by the Environment Administration and Sustainable Development (Argentine’s Government) oriented to assess the resources availability (woody plants) for turquoise-fronted parrot (Amazona aestiva). Information and field experience acquired is thus transmitted to students of the different careers in the Natural Sciences Faculty, Salta National University.

II. PARTICIPANTS

PARTICIPANTS 


PROJECT INVOLVEMENT 


INSTITUTION 

Dr. Andrés Tálamo 


Leader 




Post-doctoral Fellow, CONICET. 

Regular Professor Assistant of Experimental Design, UNSa. 

Dr. Sandra M. Caziani 

Co-director 




Assistant Researcher, CONICET. 

Professor in charge of Agro ecology Professorship, UNSa. 

Mariana Saravia 


Field Assistant 



Student, Eng. in Natural Resources and Environment, UNSa. 

José Mercedes Pérez 

Field Assistant 



Local People – Copo National Park inhabitant 

Ricardo Pérez 


Field Assistant 



Local People – Copo National Park inhabitant 
III. ACTIVITIES DEVELOPED (2004- 2006) 
III.1. RESEARCH ACTIVITIES 
Publications in progress related with the research project 
Tálamo A., Caziani S.M. Inventories of woody plants biodiversity in semiarid Argentine  

Chaco: applying species accumulation functions (Chapter 3, Doctoral Thesis) 

Tálamo A., Caziani S.M. Alpha, beta and gamma diversity of woody plants in semiarid Chaco  

forest, Argentina (Chapter 4, Doctoral Thesis) 

Tálamo A., Caziani S.M. Woody plant composition, diversity and structure in sites with  

different levels of selective and integral logging in semiarid Chaco: stand scale (Chapter 5, Doctoral Thesis) 

Tálamo A., Caziani S.M. Regeneration of woody plants in areas with selective logging in 
semiarid Chaco forest: micro-site scale (Chapter 6, Doctoral Thesis). 

Tálamo A., Caziani S.M., Améndola de Olsen A. Estimating optimal size and number for the 
study of woody plants in the semiarid Chaco forest: a graphical analysis. 

Tálamo A., Trucco C., Caziani S.M. Woody plants community in two areas, with and without  

livestock presence, of an abandoned road in semiarid Chaco forest in Argentina. 

Tálamo A., S.M. Caziani. Arboreal structure, plot size and spatial distribution in a primary 
forest in Copo National Park, semiarid Chaco, Argentina. 

Publications under revision (on other subjects) 
Caziani S.M., O. Rocha Olivio, E. Rodríguez Ramírez, M. Romano, E. J. Derlindati, A. 
Tálamo, D. Ricalde, C. Quiroga, J. P. Contreras, M. Valqui y H. Sosa. James’ And Andean Flamingos: Seasonal distribution, abundance and nesting. The Condor. Ms 8162.

Technical reports related with the research project 
Tálamo A., Caziani S.M. 2003. Impact of logging on regeneration and diversity of semiarid 

Chaco forest. Final Report. Rufford Small Grant (for Nature Conservation) in association with the Whitley Laing Foundation. 

Other publications without referents 
Caziani S. M., Trucco C. E., Derlindati E., Tálamo A., Fabrezi M., Lobo F., Goldberg F. J.,  

Jerez A., Martínez Oliver I., G. Monasterio de Gonzo. 2004. Sale of protected areas:  Is it valid option from the point of view of conservation biology? Ecológica 3. 

Publications in progress (on other subjects) 
Trucco C., Tálamo A. and G. Nicolossi. Selective logging in the cloud forest: effects on 

structure and composition of the woody plant community. 

Congress communications 
Trucco C.E., Tálamo A. 2006. Livestock rising and forest use in semiarid Chaco. Invitation to 

participate in the Symposium about Argentine Chaco in the framework of the XXII Argentine Congress of Ecology. 22 - 25 of august, 2006. Córdoba, Argentina. 

Tálamo A., Caziani S.M., Lopez de Casenave J. 2006. Regeneration of woody plants in 

micro-sites created by selective logging in semiarid Chaco forest. Poster presentation. Abstract accepted for the XXII Argentine Congress of Ecology. 22 - 25 of august, 2006. Córdoba, Argentina. 

Caziani S. M., Derlindati E., Sureda A.L., Tálamo A., Boyle T., 2005. Baselines in highly 
variable environments: a temporal and spatial analysis for argentine highlands. High Andes Wetlands Symposium. Salta, Argentina. 14 - 18 of February, 2005. 

Tálamo A., S.M. Caziani. Inventories of woody plants biodiversity in semiarid Argentine 
Chaco: applying of functions of species accumulation. Second Bi-national Congress of Ecology. October 31 – November 5, 2004. Mendoza, Argentina.
Participation in research projects 
Director of a research project: “Evaluation and planning of biodiversity inventories: the use 

of functions of species accumulation in the case of woody plants in semiarid Chaco forest”. Project Nº 1477. Research Council of Salta National University, 2006. 

Tálamo A. Researcher of the project: “Temporal and spatial diversity patterns: Definition of 

baselines in highly variable environments”. Project N° 1151. Research Council of Salta National University (CIUNSa). Director: Caziani S.M. January 1, 2003 – December 31, 2006. 

III.2. SCIENTIFIC MEMBERSHIPS 
- British Ecological Society (with the support of 2nd RSG) 

- Ecological Society of America. 

- Society for Conservation Biology. 

- Cooper Ornithological Society. 

- Colonial Water bird Society. 

III.3. TEACHING AND DEVELOPMENT EXPERIENCE 
Teachers of the post-graduate course “Design of studies in conservation biology and similar 

fields”. April 23 and May 21, 2005 (270 hs). Natural Sciences Faculty, Salta National University. PhD. Peter Feinsinger. Teacher assistant: Lic. Trucco C. and Dr. Tálamo A. 

Tálamo A. Regular Teacher Assistant of the Experimental Design Course, given for the 

careers of Biology, Agronomic Engineering and Engineering in Natural Resources

and Environment. Natural Sciences Faculty, Salta National University. 2005. 

Tálamo A., Caziani S.M., participated in the elaboration of the Management Plan of Copo 

National Park and Province Reserve, Santiago del Estero, Argentina. 2005. National Park Administration, Argentina. 

Caziani S.M. and A. Tálamo. Members of the Assessor Commission of Copo National Park 

as Salta National University representatives.
Tálamo A. PhD Dissertation. “Woody plants biodiversity and human disturbances in semiarid 

Chaco forest: effects of forest use”. March 16, 2006, Buenos Aires University, Argentina. 

Tálamo A. Lecturer in the Conference Cycle of the Natural Sciences Faculty. Lecture: 

“Diversity, composition and structure of semiarid Chaco forest in forest used sites”. March 27, 2006, Salta National University, Argentina. 

III.4. ACADEMIC TRAINING 
Post-graduate Courses: 
Ecology and physiology in plant’s life cycle: interactions with a biotic and biotic factors. 

FCEyN-UBA. PhD. Guillermo Goldstein, PhD. Favio Causin and PhD. Susana Bravo. July 25 to August 5, 2005. 50 hs. 

Teaching Ecology in School’s Patios in Salta. Natural Sciences Faculty. UNSa. PhD. Peter 

Feinsinger. 3-7 of May 2004. 60 hs. 

III.5. FORMATION OF HUMAN RESOURCES 
Tálamo A. Statistical assessor of 4 undergraduate thesis for Biology, Engineering in Natural 

Resources and Environment and Agronomic Engineering careers (Natural Sciences Faculty, Salta National University) and fellowship director of Veronica Quiroga (Elé Project). 

Caziani S.M. Active participation in the formation of human resources at the Natural 

Sciences Faculty, Salta National University, Argentina, as: Director of 3 doctoral thesis, Director of 2 undergraduate thesis and Assessor of 1 undergraduate thesis. 

IV. DIFFICULTIES 
It was not possible to find sites that were close between each other and that had the three compared levels of forest use (selectively and integrally logged forests and unlogged forests). Therefore, the idea of making blocks to control the possible site’s differences could not be realized.
Sites turned out to be very heterogeneous between each other. In every type of forest use and regarding forest history, heterogeneity between sites was very high, given that the intensity of the forest use was very different between sites. On the other hand, recently logged forests (either selectively or integrally) had already experienced a past forest use history. Therefore, studied sites with the same type of forest use were not even between each other, and in that way, they were not representative of the widest universe of the areas that have experienced that type of forest use. In other words, it was senseless to think about three different types of forest use and about the sampled sites as replicas of every one of them. You have to be very careful when analyzing the differences found between sites and when proposing possible reasons, given that these differences could be not only caused by the forest use history of the site, but also by numerous factors of every site in particular (i.e. livestock rising, past disturbances, forest use intensity and duration). 

This project, as well as my thesis development, was partially interrupted and therefore delayed due to the unfortunate decease of Dr. Sandra Caziani, who was a member of this project and thesis and doctoral director. Once the situation was normal, and having found a substitute director, the project regained normality. 

V. MAIN PRODUCTS 
V.1. TECHNICAL REPORT 
The location of sampling sites and the number of plots are shown in Fig. 1 and Table 1, respectively.
Table 1. List of forest uses and number of sampled sites and plots.

	Logging History 
	Acronym
	Nº of sites 
	Nº of plots

	Unlogged Forests (Control) 
	C
	4
	48

	Selectively Logged Forests (immediate impact) 
	SL
	3
	36

	Old Growth Selectively Logged Forests 
	OLD-SL
	1
	12

	Integrally Logged Forest (immediate impact) 
	IL
	2
	24

	Old Growth Integrally Logged Forest 
	OLD-IL
	3
	34

	Total
	
	13
	156
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Measurements: Sample units were 2 x 100-m plots randomly placed if possible, and their direction sorted among 8 orientations (N, S, E, W, NE, SE, SW, and NW). Shrubs were sampled within a 2 x 50-m subplot, because of their high density. 

The responses variables analyzed were: 

- canopy cover (%) 

- seedlings density (indiv. ha-1) 

- species richness (species number) 

The variables were defined for two different size categories: 

Adult plants: In each plot, we identified species and measured diameter at breast height (dbh) of all trees, and diameter of every stem > 0.5 cm at 20 cm height for shrubs and trees whose stems did not reach breast height. For each plot, we calculated species richness, density (individuals ha-1), basal area (m2 ha-1), and mean number of stems per individual.

Saplings: Individuals with <0.5-cm diameter were considered saplings, including individuals originating both from seed and adult plant sprouts. Saplings were identified and counted by plot to estimate density and species richness. 

Data analysis 
Given that the number of sampled individuals can influence the number of recorded species, we compared species richness by rarefaction curves. This statistical method allows an estimate of the expected species richness from randomized sub-samples of individuals in a collection or census (Gotelli and Graves, 1996). Curves were built by calculating mean species richness value from random samples of increasing abundance; with 1000 iterations for each abundance level, using the EcoSim program (Gotelli and Entsminger, 2002). 

Results 
Canopy cover: only at the 7 new sites sampled with RSG support, we measured canopy cover with a Spherical Crown Densiometer. The integrally logged sites had a lower canopy cover (62.3%), whereas the selectively logged sites showed an intermediate canopy cover (80.5%), and the unlogged forests had the highest canopy cover (86.2%) (Fig. 2). 

Integral logging implies the opening of many main and secondary roads, and most large trees are harvested, explaining the low canopy cover, also evident in aerial photographs. On the other hand, selective logging produces less intense disturbance, where small roads are opened towards target trees. This would explain the intermediate values of canopy cover.
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Species composition: 

Taking into account the edaphic features of the six sites physically and chemically analyzed, Bp3 and Se2 were outstanding for the high conductivity values (saltiness) and Se4 for the low organic material, nitrogen and phosphor values (Table 8). When sites were ordered according to their specific composition and related with the edaphic variables, it was found that the first axis explained the 22.9% (Fig. 10). Monte Carlo test showed that only the first conic axis was statistically significant (eigenvalor=0.1, p<0.05). It was positively correlated with nine edaphic variables (P, C, MO, CHS, N, Ca, Clay, CIC and Mg) and the second axis with carbonate concentration (CO3) and negatively with the pH (Table 9 and Fig. 10). Bp3 and Se3 were similar as for specific composition and they were positively associated to the organic material and cationic interchange capacity content and to certain nutrients concentration (i.e. C, N, Ca and Mg).
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Species richness: rarefaction curves show that, at similar abundance levels, the two sites with highest species richness were Old-SL1 and C3 (Fig.3), which could be related with soil features. This higher species richness can be explained by the establishment of pioneer species, very common at open and degraded sites. Both sites are a short distance one from the other, and they would apparently have a geomorphologic history in common and a little different from the other sites: its closeness to an important paleo-river-bed. Even more, both sites showed similar edaphic features between each other and different from the other analyzed sites, which would explain the high species richness in both sites.
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Sapling density: Sapling density was different between the compared sites. The two outstanding sites for their high density were Se3 and In1, where about 50% of the sapling density was composed by only one shrubby species, “garabato” (Acacia praecox)(Fig. 5). When this species was left aside from the analysis, there still were differences between sites and the same sites were the densest. 

The bibliography strongly suggests that garabato shrub (Acacia praecox) has the tendency to raise its density with the minimum environmental change, even proposing that this variable could be useful to correlate it to the forest’s disturbance degree (Sarmiento 1963). Other studies that compare two sites in particular (a primary forest vs. a secondary forest, or an edge vs. a primary forest) have supported this hypothesis (Tálamo y Caziani 2003, Lopez de Casenave et al. 1995). However, data recollected in this work of 16 blocks, four of them unlogged and the rest with diverse forest use, do not correspond to the previously said by that hypothesis. Sites Se3 and In1, logged more than 10 years ago, showed very superior densities of Acacia praecox than the other sites. However, why was not the same pattern found in In3, In2 and Se4, sites similarly logged more than 10 years ago? On the other hand, Se1, a site recently and selectively logged, also showed high densities of Acacia praecox compared to the others, but the same did not happened in Se2, a site with a recent forest use history similar to the first one. This makes you think about how careful you have to be when making conclusions of studies that compare one site with a history in particular with another site with different history. Usually, there is a tendency to generalize about the results of a confine that exceeds the allowed by the used design. Therefore, the causes of the found patterns are attributed to each site’s history (i.e. to forest use, or if it’s the edge or the inside of a forest) In this work it is perfectly clear how risky it is to generalize. Every compared site is almost unique as for their natural history.
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Fig. 5. Seedlings density in 13 sites with different logging history. The entire
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Conclusions 
In general terms and up to the analysed level of details, it was not possible to find clear patterns of vegetation association to any particular type of forest use. Only recently integrally logged sites (IL4 and IL5), which are the most affected, showed lower total basal area and per arboreal species values, lower total densities and more open canopies. 

This lack of association of woody vegetation to forest use history could be due to factors related to the natural history of each site and to the fact of having worked in a wide spatial scale. Forest history turned out to be very variable between the compared forests. Forest use periods and therefore its intensity varied considerably between the studied forests and that is very likely to have repercussions on woody plants patterns of each site. Besides, soils in the sites could be considered homogeneous nevertheless there was a certain degree of heterogeneity that could explain the presence and/or abundance of certain rare species only in some sites.
VI. APPENDIX 
VI.1. EXPENDITURE 
	Expenditure 
	Argentine Pesos 
	Pounds 

	Local travel 
	2500.78 
	488.20

	Food 
	777.96 
	151.87

	Field supplies (tents, mats, etc) 
	1688.05 
	329.54

	Car repairs and supplies (other than fuel) 
	962.4 
	187.88

	Fieldwork expenses 
	2000 
	390.44

	Soil analysis 
	3420 
	667.64

	Courses and congress assistance 
	699 
	136.46

	Office and photograph supplies (reams, ink, CDs, etc) 
	976.07 
	190.55

	Software (Systat and PC-ORD) 
	2587.56 
	505.14

	Tel, Fax, Currier 
	238.69 
	46.60

	Subscription to British Ecological Society 
	261.5 
	51.05

	Total 
	16,112.01 
	3145.35 


VI.2. Study area and fieldwork photographs. 
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Picture 1. Puttin in a summer fieldtrip
where roads become impassable because of the rains.
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Picture 2. Sundown in Copo National Park. A red “quebracho” figure
(Schinopsis lorentzii) can be seen
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[image: image10.jpg]Picture 4. An understory view in Copo NP, Santiago del Estero,
Argentina. A very thick, closed and thomy stratum can be seen and one
individual of “duraznillo” (Ruprechtia triflora) with its unique bark.
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[image: image12.jpg]Picture 6. Resting on a red "quebracho” (Schinopsis lorentzi) taken
down for charcoal production in the N in Copo NP. Santiago del Estero,
Argentina (IL, site)





