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Our Plant Functional Type (PFT) classification system was tested and proved to be working. Plants, insects and birds were in the focus of research and results are in provided the Science News. Images: Fernandezia orchid at Cajanuma, butterflies and the Andean Cock-of-the-rock (Rupicola peruvianus) (f.l.t.r.).
Photos: Marcel Becker and Maciej Krzysztof Barczyk (2)
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This second issue of our Tabebuia Bulletin summarizes recent research results.
The speakers initiated new collaborations, report about events and past year’s successes from our Research Unit (RU).
2019 was a busy and successful year for
RESPECT. In March 2019, the first joint field
campaign could be finished and resulted in
a wealth of data. All groups were working
jointly on the core plots and collected different abiotic co-variates and trait data of the
tree individuals belonging to our Plant Functional Types (PFT). Parts of the data were
meanwhile analyzed and form the basis of
the results presented in the Science News
rubric in this current newsletter.

Before the field campaign, the speakers
also visited our counterpart INABIO where
they informed about biodiversity data management in Germany and in the RU RESPECT (Figure 1).
After a longer time of reorganization, the
National University of Loja (UNL) with its
new rector Dr. Nikolay Aguirre will continue
to cooperate with the RU RESPECT. To
strengthen our scientific exchange, a co-
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Figure 1: Biodiversity data management talk at Instituto Nacional de Biodiversidad (INABIO) with Nina Farwig, Jörg Bendix, Jörg Zeilinger (GIZ) and Diego J. Inclán, INABIO’s
director (clockwise starting left). Photo: Felix Matt
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operation agreement between the RU RESPECT and UNL was signed by the speaker
and the rector (Figure 2).

Figure 2: The rector of the National University of Loja (UNL), Dr. Nikolay Aguirre, and the speaker of
the RESPECT Research Unit, Prof. Dr. Jörg Bendix, are signing the cooperation agreement in Loja.
Photo: Felix Matt

Over the year, our infrastructure was at the
same time expanded and consolidated.
Due to the successful installation of the new
hydro-climate and Eddy Covariance stations on the pasture core plots opposite the
Estación Científica San Francisco (ECSF),
some older climate stations became redundant. Furthermore, Don Herminio asked for
very high renting costs for the small patches, so that we decided to dismantle two old
climate station. These are the Thies station
know as “Gegenhang” and the Campbell
station at the old experimental pasture site,
known as “burnplot”. Sensors of the first
station will be used to repair the old El Tiro
Thies station, where a wind sensor is lacking. The Campbell station will replace the
old Thies station at Bombuscaro. Due to
high financial demands by Don Herminio,
we also decided to give up the old afforestation plots opposite the ECSF. A final survey was conducted by the forestry group
of the expired platform project before the
trees were logged by the owner.
A heavy flood event mid of May lead to problems at the end of the joint field campaign
since the Tarabita was literally washed
away (Figure 3). For several weeks, all researcher could enter the forest plots only by
long detours starting from the planta electrica. Fortunately, the Tarabita could be reconstructed in September 2019, now crossing the river in a more impressing height.

Figure 3: Destroyed Tarabita (left) and reconstructed Tarabita (right) in October 2019. Photos: Felix
Matt

The canopy tower at Bombuscaro with a
height of about 40 m could be completed
just in time for the second joint field campaign that followed the status symposium

Figure 4: The new Bombuscaro canopy tower (left), climbed by the deputy speaker, Nina Farwig (center), in order to enjoy the scenic overview over the
process plot and the mountain rain forest (right). Photos: Felix Matt
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Figure 5: The legacy of Alexander von Humboldt – presentations at the Alexander von Humboldt Symposium. Photos: Felix Matt

(Figure 4). The tower contains the third
Eddy Covariance system and allows the
plant physiology group to access the canopy leaves.
We scheduled a special event together
with status symposium in October 2019 to
celebrate the 250th birthday of Alexander
von Humboldt. This event consisted of a
symposium that brought together major
Ecuadorian actors and stakeholders in/of
environmental research in Loja. The venue of the symposium entitled “In the footsteps of Alexander von Humboldt - Joint
German-Ecuadorian Ecosystem Research
in S. Ecuador“ was the Technical University
of Loja (UTPL). Unfortunately, a nationwide
political crisis broke out along our symposium and prevented the participation of our
colleagues from Cuenca, Quito and Piura.
Despite of these restrictions, the symposium was a great success. The Alexander
von Humboldt lectures (Figure 5) focused
on the legacy of Alexander von Humboldt,
which inspired 22 years of mostly DFGfunded German-Ecuadorian ecosystem
research in South Ecuador (J Bendix),
highlighted environmental research contributions of Ecuadorian universities (JP Suarez) and presented 22 years of efforts for
nature conservation in the spirit of Alexander von Humboldt (B Paladines).

Figure 6: Members of the Research Group as well as supporters of our work presented the Spanish
translation of the English platform booklets to the public. The booklets were well received with great
interest also from students. The booklets were written, edited and printed by the people shown in
figure bottom right. Photos: Felix Matt

A special side event was the presentation
of our two booklets, initially compiled during the expired platform program in English, to the public (Figure 6). Both booklets
have been translated to Spanish language
and are devoted with a new preamble to
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Figure 7: Oral and poster presentations during the Status Symposium. Photos: Felix Matt

the 250th Alexander von Humboldt anniversary. The books were presented by Franz
Bogner and Erwin Beck (English editions)
as well as Renzo Paladines and Juan Pablo Suarez (Spanish editions).
After the Alexander von Humboldt event,
we held the Status Symposium with English oral and poster presentations. Impressive scientific results were presented in 16
oral and 18 poster presentations, the latter
during a guided poster session (Figure 7).
Three overview talks in Spanish for the
public concluded the successful event in
October 2019.

Figure 8: A cooperation agreement between Universidad Técnica Particular de Loja (UTPL) and University of Marburg was handed over by deputy speaker Nina Farwig (second from left) to the rectorchancellor of the UTPL Santiago Acosta (second from right). Photo: Felix Matt

Last but not least, a cooperation agreement between the Universidad Técnica
Particular de Loja (UTPL), Ecuador, and
the University of Marburg, Germany, could
be signed. It was handed over to the rectorchancellor of the UTPL along the Alexander von Humboldt Symposium (Figure 8).
In November, a student group from the
hydrology Master program of our counterparts from the University of Cuenca visited
the universities of Marburg (subproject A1)
and Gießen (subproject A2), Germany. This
visit was intended to inform the students
about research opportunities in Germany
and could be realized by an application to
the German Academic Exchange Service
(DAAD) by Rolando Celleri (University of
Cuenca, UC, Ecuador).

Figure 9: The Cuenca student group visits the headquarters of the European Organization for the
Exploitation of Meteorological Satellites (EUMETSAT) in Darmstadt, Germany. The students were allowed to enter the control room where all European weather satellites are monitored and maintained.
Photo: Jörg Bendix

Besides visiting the universities and discussing with German students and PhDs,
several institutions related to climatology
and hydrology have been visited during the
two-weeks stay (Figure 9).
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Science News - Short Communications
Determination of fetch areas for comparing ET and NEE over natural forest and anthropogenic
replacement systems in the RBSF area
Katja Trachte1, Franz Pucha Cofrep2,3, Oliver Limberger2, Galo Carillo-Rojas2,4, and Jörg Bendix2
1
Brandenburg University of Technology Cottbus-Senftenberg, Germany, member of the RESPECT RU
2
Philipps University of Marburg, Germany, member of the RESPECT RU
3
Universidad Técnica Particular de Loja, Ecuador, member of the RESPECT RU
4
University of Cuenca, Ecuador, member of the RESPECT RU
Fetch areas of the two eddy covariance measurement systems in the RBSF area have been determined. The results demonstrate that the measured CO2 / H2O signal captures the core plot areas very well.
Using atmospheric carbon and water fluxes
to derive net-ecosystem exchange (NEE)
and evapotranspiration (ET) obtained by
an eddy-covariance (ECov) measurement
system requires the analysis of the footprint of the instrument. Of particular interest is the fetch area, which refers to the
distance from the CO2 / H2O gas analyzer
when describing the area upwind from the
sensor, i.e. the footprint. The fetch area
provides information if the sampling is inside the target area, and thus, on the quality of the measured fluxes.
In the Reserva Biosfera San Francisco
(RBSF) in the 2000 m (a.s.l.) elevational
level, two ECov measurement systems
have been installed over the natural forest
and the anthropogenic replacement system
(pasture) in order to analyze its influences
on microclimatic conditions along the land
use gradient. To analyze the quality of the
atmospheric fluxes, Figure 1 shows first
results of subproject A1 of the footprint
analysis for both sites in March 2019. The
footprint was calculated using the model
from Kljun [1] and the analytical equations
by Kormann and Meixner [2] are applied.
Over the pasture, a diverse pattern of wind
directions contributing to the flux measurements can be observed ranging between
North to South-East, with the strongest
wind speeds (5-6 m/s) originating from the
eastern direction. The resulting fetch area,
where 90 % of the cumulative CO2 / H2O
signal occur, is within a distance of 90 m
mostly to the North of the instrument. In
contrast, a clear zonal wind pattern is revealed over the natural forest with a pre-

Figure 1: Wind speed (color) and percentage amount of prevailing wind direction for a) pasture and
c) forest; upwind distance (m) that contains the percentage amount of cumulative footprint (color) for
b) pasture and d) forest over the time period 1 to 31 March 2019. Graphs: Katja Trachte
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dominant eastern direction of more than
50 % of occurrence. This pattern likely
represents the along-valley circulation in
the diurnal cycle with a daytime eastern
component due to the higher wind speeds
(3-5 m/s) compared to the western direction (up to 3 m/s) during nighttime. Here,
the upwind distance that contains 90 %
of the cumulative footprint has a radius of
around 200 m, and to the North as well as
to the North-East even up to 320 m.
The associated mean microclimatic conditions within the planetary boundary layer
(PBL) during March 2019 are illustrated in
Figure 2. A clear diurnal cycle in water and
carbon fluxes as well as in the heat energy
exchange can be observed. As expected,
stronger water fluxes over forest (maximum 0.7 mm/hr) compared to pasture
(maximum 0.3 mm/hr) can be observed
during daytime with a positive direction,
which indicates the loss of water to the
atmosphere by ET. During nighttime, with
the lack of irradiance, the mean ET is approximately zero at both sites due to closed

stomata of the vegetation. With respect to
the NEE, stronger carbon fluxes of up to
-30 μmol/m²s evolve during daytime, but
with the direction to the land surface (negative values) representing a carbon sink. Interestingly, the forest show a stronger carbon flux into the atmosphere at night and a
stronger, but also later onset of the carbon
sink during daytime. On the other hand forest also exhibits a clearly stronger carbon
sink during highest irradiance, expected
from the high ET values. The heat energy
exchange components (Figure 2b, d) confirm the ET and NEE fluxes with stronger
latent (LE) heat up to 450 W/m² and weaker sensible (H) heat of around 100 W/m²
over the forest. Thus, quantification of ET
and NEE unveil clear differences between
the two ecosystems in the RBSF area, with
a stronger carbon sink function of the natural forest. The analysis of the fetch areas of
both locations confirm the dependence of
the large and local scale circulation on the
CO2 / H2O signal, but also demonstrated
that the measured fluxes are well located
within the core plot areas.

References
[1] Kaimal J.C., Kristensen, L. (1991): Time series tapering for short data samples, BoundaryLayer Meteorology, 57, 187-194.
[2] Kormann, R., Meixner, F.X. (2001): An analytical footprint model for nonneutral stratification. Boundary-Layer Meteoroogy, 99, 207–224.

Figure 2: Mean diurnal cycle of a) net-ecosystem exchange (NEE, μmol/m²s) and evapotranspiration (ET, mm/hr), b) net-radiation (Q, W/m²), latent heat
flux (LE, W/m²) and sensible heat flux (H, W/m²), c) temperature (TA, °C) and relative humidity (RH, %), and d) ground heat flux (G, W/m²) over pasture
(solid line) and forest (dashed line) ecosystem averaged over the time period 1 to 31 March 2019. Graphs: Katja Trachte
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Analyzing optical trait dynamics for selected tree species of the pre-defined plant functional types (PFTs)
Oliver Limberger¹, Katja Trachte2, Andreas Fries3, Galo Carrillo-Rojas4, and Jörg Bendix¹
Philipps University of Marburg, Germany, member of the RESPECT RU
Brandenburg University of Technology Cottbus-Senftenberg, Germany, member of the RESPECT RU
3
Universidad Técnica Particular de Loja (UTLP), Ecuador, member of the RESPECT RU
4
University of Cuenca, Ecuador, member of the RESPECT RU
1
2

Leaf reflectance spectra of several species in the tropical mountain forests of the Northern Andes were measured with the aim
to assess optical trait spaces and parameterization of plant functional types. It is shown, that visual and infra-red albedo of
plant functional types differ between each other, as well as between elevation levels.
Visual (vis) and near infra-red (nir) albedos
(ratio of reflected to incoming radiation) of
land surfaces are highly sensible variables
in the climate system, mainly influencing energy and water fluxes to the atmosphere. Significant alterations in albedo
are expected due to the ongoing land use
change (see [1]), but also climate change
is hypothesized to feedback to the albedo
due to changes in water supply of the vegetation. Rainfall shortages for instance are
assumed to change leaf optical properties and thus, canopy albedo and related
fluxes. To simulate climate change impacts
on canopy albedos and its feedbacks to the
atmosphere Land Surface Models (LSM)
such as the HUMBOLDT model, which is
developed in our Research Unit (see ar-

ticle “The new Dynamic Vegetation Model
HUMBOLDT (LSMbio)” of subproject A4,
see this Tabebuia Bulletin), are required. It
has been shown before that for the Community land model (CLM) (see [2]; part of
the HUMBOLDT model) the albedo of the
broad-leaved evergreen tropical lowland
forest (the only described plant functional
type PFT for the moist Tropics) differs significantly from that of the mountain rain
forests in the study area. Furthermore, vis/
nir albedo is to date used as a fixed mean
parameter value not considering any possible alteration due to changes in rainfall or
variance in PFTs. Hence, a more precise
parameterization is required by providing
(i) proper values for the PFTs of the study
area and by

(ii) considering the variability of the values
(trait variables instead of fixed parameters).
To achieve this, tree leaves for optical trait
determination were collected at three study
sites located in the Podocarpus National
Park in Southern Ecuador at an elevation
of 1000 m (Bombuscaro), 2000 m (Estación Científica San Francisco, ECSF)
and 3000 m a.s.l. (Cajanuma). Reflectance
hyperspectra of 403 trees belonging to 54
species (= total of 4030) were measured in
subproject A1. Measurements were conducted using two spectrometer (HDX and
NirQuest, OceanOptics, Largo, FL, USA)
with an effective range of 450 to 800 nm to
1700 nm and a resolution binned to 1 nm

Figure 1: Frequencies (columns) and corresponding probability density distributions (curve) of visual (vis) and near infra-red (nir) albedos. The consecutive numbers of the PFTs correspond to pioneers (1; 6) and to late successional species (4, 5; 9, 10; 12, 13) within each site. Graph: Oliver Limberger
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until 800 nm and a mean resolution of 1.6
nm above 800 nm.
The general density distributions of the integrated leaf albedos for the visual spectrum
(vis) show distinct differences between elevation levels (Figure 1). At lower elevation,
the range is wider with two distinct reflectance maxima while becoming narrower
with increasing elevation. The ranges of the
integrated leaf albedos in the nir spectrum
differ less between elevation levels than in
the vis. However, a minor shift in the peak
density between 1000 m and the higher elevations could be observed. On PFT-level,
several peaks can be detected, which suggests level differences between albedos of

the contributing species in both, the vis and
nir. Different positions and width of these
peaks within the distribution of each PFT
might be traced to biophysical traits like
leaf structure, or ecophysiological traits like
leaf water content or nutritional status. The
Land Surface Model (LSM) will now be parameterized with this new albedo variables
in order to improve flux calculations.
With regard to the REF analyses, optical traits
like absorption features, normalized band indices and vegetation indices are currently derived from the spectral data. The optical traits
will then be used to estimate leaf traits like
moisture content, leaf structural parameters
and nutrient contents and further to analyze

the dependence of integrated leaf vis and nir
albedo on biophyical quantities. The models
can then be applied to imaging remote sensing sensors (UAV, satellites) used for the LSM
validation.

References
[1] IPCC (2014): Climate Change 2014: Synthesis Report. Contribution of Working Groups I, II
and III to the Fifth Assessment Report of the Intergovernmental Panel on Climate Change [Core
Writing Team, R.K. Pachauri and L.A. Meyer
(eds.)]. IPCC, Geneva, Switzerland, 151 pp
[2] Göttlicher, D. (2011): Plant functional types
for land surface modelling in South Ecuador Spatial Delineation, Sensitivity and Parameter.
PhD Thesis, Faculty of Geography, University of
Marburg, 121 pp. http://archiv.ub.uni-marburg.
de/diss/z2011/0061/pdf/ddg.pdf.

Brief update on the hydro-climatic data collection
Gabriel Gaona1,2, David Windhorst1, Jorge Castillo1, and Lutz Breuer1
University of Giessen Justus-Liebig, Germany, member of the RESPECT RU
2
University of Cuenca, Ecuador, member of the RESPECT RU

1

Before we can start to incorporate and test
new hydrological routines and feedback
mechanisms into the land surface model
HUMBOLDT (Hydroatmo Unified Model of
Biotic interactions Organic Matter and Local Diversity of Traits), it is crucial to understand how various land use aspects
(including physical, biological or chemical
factors) actually shape the water flow paths
in soils.
To this end the subproject A2, has installed soil water sampling and monitoring
systems at all process plots of the research
unit RESPECT, covering the dominant land

use types across a wide elevation gradient.
To account for topographic effects each
system consist of three sampling points (referred to as upper, middle and lower) along
an elevation gradient of approximately 15
m length. Each systems contains sensors
and sampling tools to monitor hydro-chemical fluxes at up to five soil depths in two soil
pore domains automatically every 5 min.
Weekly manual sampling of water samples
for further laboratory analysis complements the automatic measurements. Measured parameters include soil moisture,
rainfall/throughfall, stable water isotope

signatures, electrical conductivity, soil temperature, and nutrient concentrations.
Together with subproject A1, we are also
monitoring complementary weather data
like rain, air temperature and relative humidity, wind direction and speed, normalized difference vegetation index (NDVI)
and net solar radiation. The automatically
collected data for the ECSF area (see Figure 1 for example soil moisture data) is already uploaded daily to the RESEPCT data
warehouse and the data from the two other
research areas will follow in early 2020.

Figure 1: Soil moisture and rainfall time series for sites ECSF Pinus, ECSF Pastos and ECSF Forest at different depth levels. Graph: Gabriel Gaona
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Soil properties of the cloud forest in Cajanuma and of the pastures along an elevation gradient from
1000 to 3000 m a.s.l.
Tobias Fabian, Andre Velescu, Kalle Hartleif, and Wolfgang Wilcke
Karlsruhe Institute of Technology, Germany, member of the RESPECT RU
The soils of the cloud forest at 3000 m a.s.l. are mostly shallow and have a high stone content, but not always a thick organic
layer, while the development of the soils on the pasture sites is strongly influenced by landslides, which is reflected by buried
soil horizons.
Compared with the soil development under
native forest at 1000 and 2000 m a.s.l. [1],
the soils in the cloud forest of Cajanuma at
3000 m a.s.l. are shallow (< 60 cm deep to
continuous rock) and exhibit a high stone
content in all mineral horizons (Figure 1).
They developed from Palaeozoic rocks consisting of semipelites, quartzites and black
phyllites. This often results in contrasting
colours of the soil horizons formed from different substrates and sometimes to stagnic
properties because of episodic water logging. Some profiles in steep terrain (> 30°
slope) consist only of an organic layer (O
horizon) or a shallow A horizon (< 20 cm)
directly overlying the parent material (Folic
Leptosols [2]). In spite of the cool and moist
climate which slows down litter decomposition, the organic layers we investigated in
subproject A3 were less thick than expected (7-19 cm), likely because of the lower
litterfall than at 2000 m a.s.l. where O horizons reach a thickness of up to 50 cm [1].

Figure 1: Profile of a Skeletic Dystric
Cambisol (Loamic) in the Podocarpus
National Park (Cajanuma) at 3000 m a.s..
Photo: Andre Velescu

The soils under pasture generally lack an
organic layer. At 3000 m a.s.l., parent rocks
are mainly phyllites and quartzites. Similarly to the native forest, the soils are mostly
shallow, but landslide effects are visible in
the soils, which are sometimes more than
100 cm deep and may contain buried topsoil horizons (Figure 2). On the pastures at
2000 m a.s.l., the soils developed from the
same parent material, but are sometimes
deeper than at the corresponding forest
site. This can be attributed to probably several centuries old landslides resulting in the
accumulation of colluvic material in the foot
area (Figure 3). At 1000 m a.s.l., we found
highly weathered soils, mainly on granodiorite, which are 50–100+ cm deep. Landslides play again a major role. Some soils
have stagnic properties. Colluvic material
and stones are often found in the soils (Figure 4), sometimes associated with artefacts
like charcoal and small pieces of bricks
which indicate a long land-use history.

Figure 2: Profile of a Skeletic Cambisol (Colluvic) with a buried A horizon at 70 cm depth on the pastures
at the Cajanuma site. Photo: Andre
Velescu

Our soil mapping and sampling of 57
soil profiles showed that soil properties
change with elevation and parent material from 1000 to 3000 m a.s.l. Topography and landslides play a major role for
soil development. Chemical soil analyses
and the evaluation of the associated field
experiments (e.g. nitrogen mineralization,
nutrient leaching losses) will yield more insights into the role of the soil properties for
biomass production and associated water
fluxes, the target variables of the modelling
of our RESPECT Research Unit.

References
[1] Fabian, T., Velescu, A., Wilcke, W. (2019):
Soil development on heterogeneous parent
material under tropical montane forest in South
Ecuador. Tabebuia Bulletin – DFG Research
Unit 2730, Issue 6, 8. DOI:10.5678/lcrs/for2730.
cit.1736
[2] IUSS Working Group WRB (2014): World
Reference Base for Soil Resources 2014. International soil classification system for naming
soils and creating legends for soil maps. World
Soil Resource Reports No. 106. FAO, Rome.

Figure 3: Profile of a Cambisol (Clayic, Colluvic) on the pastures in the
San Francisco Valley at 2000 m a.s.l.
Photo: Andre Velescu

Figure 4: Profile of a Chromic
Cambisol (Colluvic) on the pastures in Bombuscaro at 1000 m
a.s.l. Photo: Andre Velescu
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The new Dynamic Vegetation Model HUMBOLDT (LSMbio): The role of biodiversity and nutrient
limitation in driving ecosystem processes on a tropical altitudinal gradient
Mateus Dantas de Paula and Thomas Hickler
Senckenberg Biodiversity and Climate Research Center (SBiK-F), Frankfurt - Germany, members of the RESPECT RU
An individual and process-based forest model with trait variation, nitrogen and phosphorus cycles was developed in order to test
the field study-proposed role of biodiversity and nutrient limitation in the tree community composition assemblage of the tropical
mountain forests. Results show a substantial improvement of model representation by including these implementations.

The HUMBOLDT model
Aiming to represent the gradient of biodiversity and processes in the tropical mountain forests correctly, we have developed a
new ecosystem model named HUMBOLDT
(Hydroatmo Unified Model of Biotic interactions Organic Matter and Local Diversity of
Traits) in memory of the German explorer,
who first modelled the relationship between plants and climate in Ecuador. The

HUMBOLDT model of our subproject A4
will consist of three coupled models, the
Land Surface Model (LSM) atmospheric
component, the LSM hydrological component, and the LSM biological component,
which is presented here (Figure 1).
The HUMBOLDT-LSMbio component is an
expansion of the LPJ-GUESS dynamic
vegetation model [1], including local diversity of plant traits and an organic mat-

ter module representing the Nitrogen and
Phosphorus cycles. In the new trait variation module the initial full range of possible
traits is filtered along the altitudinal gradient resulting in simulated communities
similar to those observed in the field. The
model was parameterized using local trait
data per species collected by field campaigns along the whole altitudinal gradient.
We considered the leaf and wood economics spectrum and tissue nutrient concentra-
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Literature
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Figure 1: HUMBOLDT framework and coupled models, with detailed description of the LSMbio component. SLA – Specific Leaf Area; WSG – Wood Specific
Gravity. Model coupling allows for dynamic feedback between processes instead of prescribing fixed driving data. Graph: Mateus Dantas de Paula
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tions [2], and locally measured Nitrogen (N)
and Phosphorus (P) flux data, in which we
were able to use deposition and weathering rates, as well as soil organic and mineral layer nutrient concentrations [3, 4, 5].
In order to evaluate the model with regards
to nutrient limitation, the simulation experiment was designed with the NUMEX nutrient manipulation experiment in mind [6,
7]. We compared the reference nutrient
limited community to simulations in which
N or/and P limitations were deactivated by
fertilization (i.e. plants could grow independently of their N or P demands being met).
Results in NUMEX suggested that the removal of nutrient limitation would produce
more biotically homogenous communities
and taller trees with higher productivity and
more allocation to belowground biomass.

Results
Our results indicate that including trait diversity and nutrient limitation provide a
significant improvement in relation to ecosystem representation especially at higher
elevations. Deactivation of nutrient limitation (Figure 2, N, P and OFF scenarios)
suggests reduced community differentiation along the elevation gradient (i.e. SLA
values), and increased productivity (i.e.
Carbon and NPP values). Deactivation of
trait diversity (Figure 2, Low Diversity (LD)
scenario) impels plant survival at higher
altitudes. Significant model improvements
are expected in the future with further field
trait measurements from the RESPECT
subprojects, and the inclusion of other significant processes such as leaf herbivory,
seed dispersal and of course the coupled
model runs with LSMatmo and LSMhydro. Finally, we expect that future simulations will
address the question whether high trait diversity increases the resilience to climate
change scenarios.
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Figure 2: Simulated and Measured Specific Leaf Area distribution (SLA, asterisks represent significant difference in relation to 1.000 m simulation), Aboveground Carbon and Net Primary Production (NPP) for the altitudinal gradients of the HUMBOLDT-LSMbio. The scenarios are: NP = nitrogen and phosphorus
limited; P = Only phosphorus limited; N = only nitrogen limited; OFF = nutrient limitations deactivated; LD = low diversity scenario with N and P nutrient
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Relationship of root and foliar nitrogen concentrations in tropical montane forest trees at different
elevations
Kerstin Pierick, Tabea Seeler, Christoph Leuschner, and Jürgen Homeier
Plant Ecology and Ecoystems Research, University of Göttingen, Germany, member of the RESPECT RU
We measured nitrogen concentrations in leaves and fine roots of 49 tree species. Our results reveal that they are highly coordinated and both driven by the varying nitrogen availability at different altitudes.

Nitrogen availability is one of the most important factors influencing plant growth in
the tropical Andes. The higher the elevation, the less nitrogen is available to the
plants [1]. Different adaptations are needed
for trees to survive and grow under varying
nitrogen availability. Usually, nitrogen availability in the soil is reflected by the plants’
nitrogen concentration. High nitrogen concentrations bring the benefit of a more effective functioning of plant physiological
processes, for example, higher photosynthetic activity in the leaves [2], or higher
nutrient acquisition rates in the fine roots
[3]. However, they generally are related to
acquisitive strategies and come at the cost
of a shorter life span of active plant tissues.
With our research in subproject B1, we
want to assess different characteristics of
tree species in the tropical montane forest
that help us to better understand the adaptations necessary to grow under the environmental conditions at different altitudes.

We measured the nitrogen concentrations
of leaves and fine roots of four to eight individuals of 49 tree species (Figure 1). Our
selected tree species are common in tropical montane forests at around either elevations of 1000 m, 2000 m or 3000 m a.s.l.
Our results show that the tree species
clearly differed in terms of both their root
and leaf nitrogen concentrations (Figure 2).
Furthermore, the nitrogen concentrations
of species co-occurring at one altitudinal
level spanned broad ranges. In addition,
the compared species also differed in their
intraspecific variation of nitrogen concentrations, but this does not apparently seem
to be related to family membership. Further
studies will show if the local tree-specific
soil conditions drive intraspecific trait variation. However, the nitrogen concentrations
of trees common at 1000 m a.s.l. on average tended to be higher than for the tree
species growing at higher elevations, a
trend that held for both leaves and roots.

Looking at different plant organs, we found
a clear positive relationship between nitrogen concentrations in roots and leaves,
meaning that tree species with high nitrogen concentrations in their roots were likely
to have also high nitrogen concentrations
in the leaves (Figure 3). Interestingly, we
found this relationship only for the tree species common at 2000 m and 3000 m a.s.l.
altitudes, but not for the species common
at 1000 m a.s.l., where leaf nitrogen concentration was independent from root nitrogen concentration.
Our results indicate that leaves and roots
might be subject to similar trade-offs, optimizing resource economics under varying
nitrogen availability. With our ongoing research, we hope to achieve a more comprehensive understanding of the different
strategies of tree species in tropical montane forests by comparing more of their
above- and belowground properties.
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Figure 1: A) Leaves of Weinmannia microphylla (Cunoniaceae) and B) fine roots of Clarisia racemosa
(Moraceae). Images: Tabea Seeler (A), Kerstin Pierick (B).
Tabebuia Bulletin - Environmental changes in biodiversity hotspot ecosystems of South Ecuador: RESPonse and feedback effECTs (RESPECT) | Issue 7 | January 2020
© German Research Foundation DFG Research Unit (FOR) 2730
doi: 10.5678/lcrs/for2730.cit.1817

Tabebuia Bulletin | Page 14/31


%+'+,+-



. / +
,+0 0 0-











 
 

 


  

  
  
 
 
  
 
 
 

  

! "# "
$
  
 "
   
  
  
!
 
%%
  
  
& 
 


' 

  
(
 
!
  
) *
 
  
 
 

 *
 
 


 





(

+'+,+-



. / +
,+0 0 0-

1






1



 
  
  

 

! "# "
  
 
  

$
 
 
 

  


 
 

!
  
 "
  
  
 
%%
  
 
   
  
& 


  
 
(
' 

!
 
 
) *
  
  
 

 
 
 *


 



Figure 2: .Foliar (A) and root (B) nitrogen concentrations of 49 tree species from three altitudinal levels. The species are replicated four to eight times. Full
lines: mean values for the altitudinal levels. Dashed lines: standard deviations. Only genus names shown for better legibility. Graphs: Kerstin Pierick
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Figure 3: Relationship between root and leaf nitrogen concentration. Shown are species means and linear models for all data (black line) and separated by
altitudinal level (colored lines). The studied Parkia (Fabaceae) had by far the highest leaf nitrogen concentrations, although being only intermediate in terms
of root nitrogen concentration. Graph: Kerstin Pierick
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Dynamics of long-term water consumption and stem diameter variations confirm tree functional types
in the Reserva Biológica San Francisco
Volker Raffelsbauer1, Achim Bräuning2, Jordi Alvarez Chamba2, Darwin Pucha2, Susanne Spannl1, and Erwin Beck1
University of Bayreuth, BAYCEER, Germany, members of the RESPECT RU
2
Friedrich Alexander University Erlangen-Nuremberg, Institute of Geography, Germany, members of the RESPECT RU

1

Xylem sap flow and stem circumferential changes as process traits of plant functional type (PFT) trees respond to the vapor
pressure deficit of the atmosphere.

Introduction: The theory
A trees’ water relations are linked to responses of the stem, which can be recorded as diurnal changes in its circumference
[1]. The transpirational sap flow in the xylem is not exclusively fed from the root system, but according to an equilibrium in water potentials also from parenchymal cells
surrounding the vascular system. Removal
of a portion of intracellular water by the tension in the operating xylem as well as the
suction-in-itself results in a contraction of
the stem in the range of fractions of millimeters (Figure 1) up to several millimeters
[2]. During night-time, when transpiration
ceases, the water potential in the tissues of
the stem and leaves is still higher (a higher
water potential is indicated by more negative numbers) than that of the root system.
Thus, sap is continuously pulled up from
the roots until equilibrium is attained. Refilling of the tissues thus results in an expansion of the stem. Hence, diurnal changes
in the tree’s circumference are to some
extent a direct response to the dynamics
of the water loss by transpiration, with the
restriction that refilling may take more than
just one night [3]. These daily oscillations
are superimposed on medium- to long-term

Figure 1: High resolution tree stem circumference changes (SCC) over 3 weeks of representatives of
four different plant functional types (PFTs) at 2000 m a.s.l. in comparison to the water vapor pressure
deficit (VPD). Graph: Volker Raffelsbauer

Results and Discussion

of the stomatal conductance, the correlation between leaf transpiration and VPD is
weaker than that of SF and VPD. However,
the mechanism underlying this correlation
is not yet understood.

During day-time, xylem sap flow density (SF) measured in our subproject B2
shows a surprisingly close correlation with
vapor pressure deficit (VPD) of the atmosphere surrounding the leaves. During
night-time the influence of VPD on SF is
also apparent, but less pronounced. This
correlation is independent of the level of SF
rates (Table 1). Due to complex regulation

A contrasting correlation was observed between VPD and the daily changes of stem
circumference (SCC). The reason for this
different correlations is also not yet known
and requires further investigation. Since
two independently and differently measured traits associated with the trees’ water relations show strong dependence on
VPD, the correlations between SF, VPD,

stem diameter changes, e.g. by cambial
growth or by continuous shrinking during
spells of drought.

Table 1: Correlation of SCC and SF with VPD during day and night-time of representatives of eight tree species
belonging to the PFT groups 6, 8, 9, and 10 over nine days at 2000 m a.s.l..
Miconia
r VPD_SCC day
p
r VPD_SCC night
p
r VPD_SF day
p
r VPD_SF night
p

Vismia

Ocotea

Beilschmiedia

Podocarpus
-0.07

Myrsine

Matayba

Weinmannia

-0.09

-0.29

-0.38

0.71

0.54

0.66

-0.25

< 0.001

< 0.001

< 0.001

< 0.001

n.s.

n.s.

< 0.001

< 0.001

0.55

0.64

0.03

0.55

0.62

0.25

0.52

0.43

< 0.001

< 0.001

n.s.

< 0.001

< 0.001

< 0.001

< 0.001

< 0.001

0.97

0.97

0.97

0.94

0.83

0.82

0.95

0.98

< 0.001

< 0.001

< 0.001

< 0.001

< 0.001

< 0.001

< 0.001

< 0.001

0.75

0.89

0.91

0.85

0.87

0.58

0.54

0.67

< 0.001

< 0.001

< 0.001

< 0.001

< 0.001

< 0.001

< 0.001

< 0.001

SCC = changes of stem circumference, SF = xylem sap flow density, VDP = vapor pressure deficit, PFT = plant functional type
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and SCC should not be attributable to
methodological errors. To some extent, the
dynamics of sap flow as well as those of
stem circumferential changes are blurred
by recovery phenomena: Spells of dry
weather cause stronger shrinkage of the
stem and higher rates of sap flow (Figures
1 and 2), witnessing greater challenges for
the tree’s water balance. Periods of recovery can be expected to compromise the
correlation between the measured trait and
VPD: Whereas a higher rate of sap flow
can restore the stressed water potential of
the trees’ tissues in the course of one night,
recovery of the stem circumference takes
about two days (Figure 1).
Considering the normalized volumes of
sap flow as well as of stem circumference
changes, at least two ecological groups of
trees can be differentiated: High rates of
sap flow correlating with comparably strong
changes in stem circumference are characteristic of Tapirira guianensis and Ocotea
aciphylla, whereas low SF rates and small
SCC changes are recorded from Podocarpus oleifolius and Weinmannia microphylla
(Figures 1 and 2). Considering more tree
species, the existence of at least two groups
is confirmed. We hypothesize that the representatives of the first group (Tapirira,
Ocotea, Vismia cavanillesia, Beilschmiedia
tovarensis, Miconia calophylla) (black lines
in figures) display the anisohydric type of
water relations, whereas the species of
the second group (Weinmannia, Matayba
inelegans, Myrsine coriacea, Podocarpus)
(red lines in figures) follow the isohydric
type of water balance. Within the research
project “RESPECT”, the trees occurring at
an elevation of 2000 m a.s.l. were assigned
to the “plant functional types” (PFTs) as depicted in table 2.
Whether the type of water relations has a
direct impact on the growth of the tree is not
known. However, one might speculate that
the extended daily period of transpiration
which is typical of the anisohydric type is
associated with a higher daily carbon gain
that in turn could result in a higher growth
rate [4]. The dendrometer growth curves
support this conclusion. The tree species
exhibiting the isohydric performance show

Table 2: Association of the investigated tree species with the plant
functional types groups (PFT) ranging from pioneer (PFT6) to late
successional species (PFT10) determined at 2000 m a.s.l. (Potential
isohydric species indicated by grey shading)

Genera

PFT 6

PFT 7

PFT 8

PFT 9

PFT 10

Miconia

Tapirira

Ocotea

Podocarpus

Matayba

Beilschmiedia

Myrsine

Weinmannia

Vismia

PFT = plant functional type

Figure 2: Normalized sap flow rates (ml x cm-2 x min-1 in representatives of eight tree species belonging
to the plant functional types (PFT) groups 6, 8, 9, and 10 over nine days at 2000 m a.s.l. in comparison
to the water vapor pressure deficit (VPD). Graph: Volker Raffelsbauer

a substantially extended period of recovery
after a spell of dry weather and almost no
net growth during the subsequent four to
five days.

Conclusion
The presented data of SCC (Figure 1) generally support the differentiation between
the PFTs, and the sap flow rates suggest at
least two ecological groups of trees, including pioneers and mid successional species
on the one hand and late successional
species on the other hand.
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Seed diversity: from field sampling to identification
Diana Carolina Acosta-Rojas, Maciej Barczyk, Matthias Schleuning, and Eike Lena Neuschulz
Senckenberg Biodiversity and Climate Research Centre (SBiK-F) Frankfurt, Germany, members of the RESPECT RU
Why our work needs perseverance and love for tiny details and exudes detective flair.

One of the goals of subproject B3 is to
record seed rain in the tropical mountain
forest in southern Ecuador. Together with
the projects B1 and B4, we have installed a
total of 324 traps in the forest and pasture
plots along the altitudinal gradient spanning 2000 m. Each trap has been emptied
every two weeks since January 2019.

acteristics and classify it into morphotypes
or, if possible, assign it to a species. Despite the expected high diversity of seeds,
the huge variation in seed morphology is
yet striking.
Having analysed so far collected samples
from six out of twelve months, we have recorded more than 21.000 seeds belonging
to 131 morphotypes in the forest plots of
Bombuscaro at 1000 m and 12.000 seeds
of 118 morphotypes in San Francisco at

After the collection of seeds, the main mission starts: We carefully check each seed
with all its reproductive structures and char-

1)

1)

3)

2)

Their identification is, of course, not always easy, and sometimes requires a bit
of detective work. Distinguishing caterpillar droppings from seeds, for instance, is
not trivial! Become an ecological detective
yourself and have a look at Figure 1.

4)

5 mm

2)
16.

15)

14)

17.
17.

1 cm
13)

12)

2000 m a.s.l. Seeds range from 1 mm in
size (e.g., Miconia sp.) up to an impressive
length of 10 cm (Grias peruviana).

11)

5)

1)
2)
3)
4)
5)
6)
7)
8)
9)
10)
11)
12)
13)
14)
15)
16)

Grias peruviana
Chrysochlamys sp.
Guarea macrophylla
Miconia aff. punctata
Ocotea andina
Faramea bangii
Hieronyma fendleri
Mollia sp.
Seed of Sapotaceae
Seed of Solanaceae
Seed of Malpighiaceae
Seed of fleshy fruit 1
Seed of fleshy fruit 2
Wind dispersed seed
Caterpillar droppings
Seeds & fruits collected on the
ground within a 1 ha forest plot
17) Seed trap in pasture
10)

9)

6.

6)

7)

8)

Figure 1: Diversity of seeds collected in seed traps located at 1000 and 2000 m a.s.l. in Podocarpus National Park and San Francisco Reserve. The background grid depicts squares of 1 mm2 each. Photos: Diana Carolina Acosta Rojas and Maciej Barczyk
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Progress on integrating abiotic covariates, functional trait diversity and herbivory on the
ecosystem level
Yvonne Tiede, Samantha Solís Oberg, Roland Brandl, and Nina Farwig
Philipps-University Marburg, Germany, member of the RESPECT RU
We aim to disentangle the role of abiotic covariates and functional diversity of plants and animals for important processes
on the ecosystem level such as herbivory. To do so, we study how environmental changes influence the composition of communities in respect to the traits of plants and animals, their feedbacks on other trophic levels as well as their effects on the
processes. Here we report the latest progress from the collection of arthropod communities in tree crowns, the first analyses of
palatability experiments and arthropod communities at 2000 m a.s.l. as well as a short outlook on the next steps in our project.

a

b

c

Figure 1: The fogging team used the fogger to nebulize the insecticide towards the tree crown (a). Sampling funnels were carefully brushed out to collect
the fallen arthropods in cans filled with ethanol (b). Finally, the ethanol-insect-mixtures were filtered and collected (c). Photos: Marcel Becker.

Why herbivores?

Arthropods from tree crowns

Plant palatability

Insects, particularly herbivores, are the
most diverse group of organisms. As key
players within ecosystems, herbivores
influence the composition, structure and
functioning of plant communities. It has, for
instance, been shown that herbivores enhance the nutrient flux from plants to the
soil and therewith contribute to soil fertility
and carbon sequestration [1]. Yet at the
ecosystem level these links are hardly resolved.

In subproject B4 we recently finished the
second canopy fogging campaign to collect herbivore communities in the tropical
mountain rainforest in Southern Ecuador.
A petrol-driven fogging machine and a water-based, bio-degradable insecticide was
used to collect arthropods from September
till November 2019 from tree crowns of 77
individuals from 18 common tree species
growing at around 1000 m a. s.l. (Figure 1 a-c).

Plants should invest more resources into
the defence against herbivores in favourable rather than in harsh environments [2].
Therefore, we expect that the palatability
of tree species increases with increasing
elevation. To assess plant palatability, we
carried out feeding trials in the lab with the
Jamaican field cricket Gryllus assimilis.
The test animals were starved for 24 hours
before the start of the experiments. We offered each test cricket four leaf discs within
a plastic box for 24 hours (Figure 2a). The

0.08

0.07

0.06

0.05

0.04

0.03

Plant functional type
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Figure 2: Plastic boxes were used in the feeding tests with crickets offered leaf discs of focal plant
species (a). Leaf discs with feeding marks (b). Palatability (the consumed dry mass of leaves in gram)
increased with increasing elevation (c); boxplots depict early, mid, and late succession stages of trees at
1000 m a.s.l. (green) and 2000 m a.s.l. (orange), and early and late succession stages at 3000 m a.s.l.
(blue). Photos: Nina Farwig (a), Yvonne Tiede (b), Graph: Yvonne Tiede
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Palatability (consumed leaf drymass [g])

a
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a

b

Figure 3: Dry weight for all herbivores in relation to the succession stage of the tree species (a). NMDS ordination of the communities depicting fogged tree
individuals as dots and identical tree species as polygons, colors denote the successional stage/plant functional type for each tree species (b). Graphs:
MSc Thesis of Tom Gibmeier

palatability was determined as the consumed leaf dry mass in mg after these 24
hours (Figure 2b). Our preliminary data
showed a slight trend towards higher palatability with increasing elevation (Figure 2c). This is in line with our expectations
that plants invest more resources into defenses against herbivores under favorable
conditions.

Herbivore communities at
2000 m a.s.l.
We collected 15,917 herbivorous insects
from seven orders (Coleoptera, Hemiptera,
Hymenoptera, Lepidoptera, Orthoptera,
Phasmatodea, and Thysanoptera) and
three feeding guilds (leaf chewers, rostrum
chewers, and sap suckers). Neither herbivore dry mass nor the community composition differed between successional stages/
plant functional types (Figure 3).

Degree of herbivory
To assess the degree of herbivory per
plant species, we scanned leaf material
from each focal species during the joint
field campaign and will soon start quantifying leaf area loss. Moreover, we use mesh
traps for litter collection. These litter samples are continuously been scanned and
dried and will soon be processed to quantify the leaf area loss at the plot level.

Final field campaign
In the next dry season, we will continue
to sample arthropod communities (Figure
4) from the remaining elevation (3000 m
a.s.l.). In between, we will continue to
sort and measure all collected arthropods
as well as to analyze these data. Finally,
we will start to integrate our data into the
response-effect framework to disentangle

the role of abiotic covariates and functional
diversity of both plants and herbivores for
herbivory at the ecosystem level.
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Figure 4: The diversity of arthropods in the canopy is amazing. The variety of caterpillars (left), moths (middle), and butterflies (right) provide impressive
examples. Photos: Marcel Becker
Tabebuia Bulletin - Environmental changes in biodiversity hotspot ecosystems of South Ecuador: RESPonse and feedback effECTs (RESPECT) | Issue 7 | January 2020
© German Research Foundation DFG Research Unit (FOR) 2730
doi: 10.5678/lcrs/for2730.cit.1817

Tabebuia Bulletin | Page 20/31

Data Warehouse News
Maik Dobbermann1 and Jörg Bendix1
University of Marburg, Germany, members of the RESPECT RU

1

The data warehouse is subject to continuous improvement and development. The following points are changed so far:

Automatic data upload
As the network of automatic weather stations (AWS) in the field, also data storage
in the Data Warehouse is under consolidation. The data of the new hydro-climate stations at 2000 m a.s.l. from the process plots
(Pasture/Forest/Pinus) is now automatically uploaded into the data warehouse on
a daily basis. The naming scheme of the
AWS datasets in the DW, helpful for data
queries, is as follows (see Table).
In the absence of radio communication, the
data of the new hydro-climate stations from
the process plots at 1000 (Zamora area)
and 3000 m a.s.l. (Cajanuma area) are still
manually uploaded to the DW.
Data delivery of the “old” automatic weather
stations (AWS Thies and Campbell types)
warranting the continuation of long time series is maintained for ECSF, Bombuscaro
and El Tiro. The data will be uploaded semicontinuously after read-out in the field.

Table: Naming scheme for the datasets of the new hydro-climate stations
at the process plots (example 200o m a.s.l.)
PP_CH_Forest_2000

http://www.tropicalmountainforest.org/data_pre.do?citid=1791

PP_CH_Pinus_2000

http://www.tropicalmountainforest.org/data_pre.do?citid=1747

PP_CH_Pasture_2000

http://www.tropicalmountainforest.org/data_pre.do?citid=1788

New quick data visualization
We implemented a visualization tool to
quickly plot a time series of an attribute. If
you found a data set of interest, just click
on the time-series icon left to the attribute’s
name you would like to visualize (red circle
in Figure 1).
This new visualization tool is restricted to
time series, which means that it only works
for datasets which contains the “datetime”
attribute, and for variables which consist of
numerical values.
The design of the plotted data is shown for
an example in Figure 2. The implemen-

tation of other forms of visualizations are
generally possible on demand. Contact
the data manager Maik Dobbermann for
further suggestions. The generated image
can be saved by right-clicking and choosing: “Save image as...”.

Other issues
We have updated one of our export metadata scheme: “DataCite” to version 4.0 in
order to maintain the possibility to create
DOIs for our datasets and books / publications. Furthermore, as decided on the last
platform member assembly, the datasets
from the PAK-Phase are now publicly available and downloadable. Thus, we fulfill the
FAIR (Findable, Accessible, Interoperable
und Reusable) principle of data management, as it is expected from our funding
German Research Foundation, DFG.

Figure 1: Icon for quick time series visualization. Screenshot: Maik
Dobbermann

Figure 2: Example of visualized time series. Screenshot: Maik Dobbermann
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UDA News1)
Species distribution model for the micro-endemic hummingbird, Violet-throated Metaltail (Metallura
baroni), with vegetation as additional predictors of habitat structure
Edwin Zárate1,2, Christine Wallis2, Vinicio Santillán1, Roland Brand2, Nina Farwig2, and Jörg Bendix2
1
Universidad del Azuay (UDA), Cuenca, Ecuador
2
Philipps-Universität Marburg, Marburg, Germany, members of the RESPECT RU
We aim to develop indicators that can be used to monitor responses of state of biodiversity and ecosystems triggered by environmental changes, reflecting alterations in ecosystem functions.

In our project “Monitoring Biodiversity and
ecosystem process through an integrative
approach using remote sensing and fielddata information” we address two questions and here we report first results in one
of them.

Study area
Our study area located in the Paramo (Figure 1) south-central Ecuador mostly in the
provinces of Azuay and Cañar, are in the
Western Cordillera of the Andes (Figure 2).

Methods

Figure 1: The study region shows the typical vegetation of the Paramo. Photo: Edwin Zarate

The first subproject aims to develop SDMs
(Species Distribution Model) incorporating textural metrics of vegetation indices
(VI) like a proxy of vegetation structure to
improve the perform the prediction of species geographical distribution. We chose a
microendemic hummingbird (Metallura baroni) that inhabits the high mountain area
of the South Ecuadorian Andes. Previous
studies of this bird have provided a general understanding of both, its distribution
area and habitat preference (Heindl et al.
2019 [1]. The SDMs were developed using the Maximum Entropy algorithm (Maxent), which is a highly accurate and proven
method that uses presence-only data [2]).

Results

Figure 2: Study area was located in paramo of “Maciso del Cajas” in western cordillera of Andes. The
crosses represent the points of occurrence of M. baroni used for the development of the MDS. Gragh:
E. Zárate, V. Santillán

The results reported suggest that incorporating predictors derived from remote
sensing as surrogates for vegetation structure or habitat of the species improves the
performance of the SDMs. According to the
PLS regression model, the variable that
contributed most to the models were the
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bioclimatic variable (Figure 3). However,
the models constructed with the combinations of variables that included the textures of the vegetation indices (BC + NV
+ NW and WC + NV) were the ones that
best predicted the habitat of M. baroni, a
species with restricted range that inhabit a
high-mountain area in the Northern Andes
(Figure 4).

Conclusion

Figure 3: Regression coefficient plot of the models identifying predictor variables and significance in
the corresponding model. * p < 0.1, ** p < 0.05, *** p < 0.001. Graph: Edwin Zárate, Vinicio Santillán.

Our results strongly suggest that the use
of raw information and derived vegetation
indices have great potential for ecological
research and monitoring in environmentally complex areas and at scales suitable
for the conservation of natural resources.
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____

Figure 4: Percentage of polygons predicted of four SDMs. The habitats that M. baroni inhabit (shrubland and forest within paramo matrix) were predicted more in models that include textural metrics of
vegetation indices. BC= bioclimatic variables, NV= textural metrics of NDVI index, NW=textural metrics
of NDWI index. Graph: Edwin Zárate, Vinicio Santillán.

1) In this section university partners present
news around our Research Unit. This time Edwin Javier Zarate Hugo from the Universidad del
Azuay (UDA) in Cuenca reports about their latest research results.
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NCI News1)
The Nature and Culture International 2020 Goal
Mariah Banks and Pedro Paladines
NCI’s Marketing Development Coordinator and Administrator of NCI’s Estación Científica San Francisco (ECSF)
In 2018 Nature and Culture International (NCI) had accomplished several steps towards its goal to protect many more regions
and acres of undisturbed natural areas in South America.

NCI’s New Work Strategy
Starting from 2020, Nature and Culture
International (NCI) will make a strategic
adjustment to focus in 14-18 highly biodiverse eco-regional landscapes that are
organized within political-administrative
boundaries. These landscapes are made
up of areas with distinct types of protection
– public, private, agricultural and sustainable resource use areas, indigenous, and
other types of communal lands (Figure 1).
When these different protected areas are
combined, they form a coherent whole. We
call them “mosaics” (Figure 2).
Our geographic focus within mosaics will
facilitate integrated outreach and policy
work with appropriate public authorities,
communities, and private interests. To
guarantee ongoing ecosystem functions,
we must work strategically to align zoning,
resource use, and management practices
among different protected areas.
Over the next five years, Nature and Culture will work with others to ensure that at
least 50% of the natural habitat in each of

14-18 large-scale eco-regional landscapes
is maintained. Collectively these landscapes are about 12 million hectares.
Nature and Culture will work in areas where
we have the support of local leaders willing
to invest in sustainability principles. To ensure that at least 50% of the natural habitat per mosaic is maintained, we will need
to put an additional five million acres into
protected status within the next five years.
We will also need to ensure that protected
areas in the mosaics are competently managed and have community support.

Changes in NCI and the Ecuador
NCI office Head Team
As a consequence of NCI´ growth and expansion through Latin America in the last years,
and due to a new work strategy planned for
the next five years, the Board of members
have decided to make some changes in the
head teams of its main offices.

al team in the last two years in the development, fundraising and marketing areas.
In Perú, the main office in Piura turned into
a technical office and the headquarters in
the country were moved to the capital city
in Lima. Due to this change, NCI is searching for a new Country Executive Director.
In Ecuador, Renzo Paladines, who has
been the NCI country Executive Director
since the organization was established,
has been appointed as the new Executive
Director for Latin America. And, Felipe Serrano, who has been working for many years
as the Andes as Amazonia Program Coordinator, has been promoted as the new NCI
Ecuador Executive Director (Figure 3).
____

1) In this section infrastructure providers, nonuniversity partners, and institutions present
news around our Research Unit. This time Mariah Banks and Pedro Paladines from the NGO
Nature and Culture International (NCI) reportsabout NCI’s latest achievements.

Starting from 2018, Matthew Clark became
the new NCI President and CEO, and new
team members have joined the internation-

Figure 1: The non-profit organization NCI serves to create protected areas to foster natural and cultural diversity in South America. Photos: NCI
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Figure 2: Mosaics in South America where NCI will focus its work in the next five years. Map: NCI

Figure 3: NCI’s team with the new Executive Director of Ecuador, Felipe Serrano (standing fouth from left). Photo: NCI
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Miscellaneous
New Research Project: Phenology of tropical tree species – environmental cues, molecular
mechanisms, and consequences for plant-animal interactions
Katrin Heer
Philipps University of Marburg, Germany, new cooperation partner of the RESPECT RU
Using a combination of near-surface remote sensing, molecular phenotyping and ecological data on plant-animal interactions
we aim to investigate the causes and consequences of tropical tree phenology.

Open research questions
In many tropical forests including the
mountain rainforests of Southern Ecuador, tree species exhibit a synchronized
phenology, which includes flowering, fruiting, bud burst, and leaf senescence. While
temperate tree species use cues such as
temperature or day length to time these
phenological transitions, there is uncertainty about the environmental cues used
by tropical trees species. Furthermore, we
know virtually nothing about the underlying
regulation of genes, or about the effects of
phenological transitions on tree physiology
and plant-animal interactions in the tropics
[1]. Investigating tropical tree phenology
and its causes and consequences requires
an integrative approach that takes into account the monitoring of tree phenology,
molecular methods to study gene expression, and ecological approaches to study
plant-animal interactions.

carbon flux, reflectance properties of the
canopy, and, for some 35 trees, data on
stem diameter increment and xylem sap
flow. In addition, for a subset of four target
species - namely, Heliocarpus americanus,
Graffenrieda emarginata (Figure 2), Cedrela montana and Handroanthus chrysanthus
(Figure 3), we will collect individual-based
data on phenological transitions with timelapses cameras and determine changes
of expression of genes that are relevant
for the regulation of phenological transitions. These species were selected based
on previous studies that showed that they
have a synchronized and regular annual
phenological pattern [3, 4]. By closely monitoring the molecular phenology of the species, we will be able to further narrow down
the window in time, during which trees react
to environmental cues. The comprehensive

data on tree phenology will allow us to determine how phenological transitions are
triggered, which gene regulatory networks
are involved in phenological transitions,
and how phenology influences plant growth
and carbon sequestration. This is of particular interest for the two deciduous species
Handroanthus and Cedrela where growth
is highly seasonal and linked to phenology
[5]. However, thus far, high resolution data
on stem diameter changes of tropical trees
has not been matched with high resolution
data on phenological transition for tropical
species.
Further, we will study the interdependencies of trees and their mutualistic and antagonistic partners in the light of phenological transitions. With respect to mutualistic
interactions, we will investigate pollinator

Methods
In the framework of an Emmy Noether project funded by the German Research Foundation (DFG), two PhD students and I will
investigate the phenology of tropical tree
species. Starting in 2020, data on phenological transitions will be collected in both,
the mountain rain forest and the seasonally
dry forest.

Over the course of six years, we will monitor
phenological transitions with cameras – socalled PhenoCams [2] - that will be installed
on the canopy towers at San Francísco
(Figure 1), Bombuscaro, Cajanuma and
Laipuna. The image data will jointly be
analyzed with data currently collected in
the framework of the Research Unit RESPECT, which includes climate variables,

Figure 1: View on the canopy from the tower near the research station Estación Científica San Francisco (ECSF). Photo: Katrin Heer
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Figure 2: Flowering Graffenrieda emarginata. Photo: Katrin Heer

assemblages, pollen-mediated gene flow,
seed set, and germination rates. Here, we
are specifically interested in determining
how the degree of synchrony affects pollination success, pollen dispersal distances
and the genetic diversity of the offspring.
Regarding herbivory, we will collect data on
associated herbivore assemblages and determine the rates of herbivory over time to
determine specifically whether the deciduous vs. evergreen species are more severely affected by herbivores and whether
the timing of leaf fall and seasonal variation of rainfall determine seasonal trends in
herbivory.
Finally, focusing on Handroanthus, which
occurs in both forest types, we will collect data on phenological transitions in
parallel in the dry and montane forests in
close collaboration with Dr. Augusta Cueva
(Universidad Técnica Particular de Loja,
UTPL). Further, Handroanthus will be the
focal species in a citizen science project
that aims at gathering data on flowering

phenology across the Ecuadorian distribution range. The citizen science project is
planned in close collaboration with Instituto
Nacional de Biodiversidad (INABIO) and
the UTPL.
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Figure 3: Flowering Handroanthus chrysanthus
close to ECSF. Photo: Jörg Bendix
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Ecuador / ECSF News
Research permits ready for
download
Our new research permits are ready. The
Ministry of the Environment (MAE) considers that we are not covered by the framework agreement between our counterpart
Instituto Nacional de Biodiversidad (INABIO) and MAE. For this reason, INABIO has
received simple research permits for our
project. Both permits, the one from MAELoja for the research sites at Cajanuma and
Laipuna and the one from MAE-Zamora for
the research sites at the Estación Científica
San Francisco (ECSF) and both Zamora
sites are now valid until December 2020.
They can be downloaded from our website.
Please always carry a copy in your backpack when you visit the research areas,
joined with your station pass, your cédula
or a copy of your passport.

Figure 1: The old stairs were overgrown with mosses and therefore quite slippery (left). Thanks to NCI,
we now can access the research plots without causing further erosion on the steep and slippery paths
easily again. Juan Maldonado and Richar Samaniego from the neighboring village Sabanilla were
building stairs in the Q5 (right). Photos: Felix Matt

Export of scientific samples

Necessary update of contact details

Scientific samples now can be exported
again upon request. Please allow the MAE
15 working days for this process!

We have a request to all our members:
Please check your account on our website
urgently. Be sure to add and update your
details especially ID and phone number.

The MAE checks all researchers when they
enter the Podocarpus National Park (PNP).
If your name and ID are not on their list you
will not be admitted. Updating you contact
details also facilitates the coordination of
our Research Unit since you can be called
by phone. Thanks in advance.

New paths to the research plots
In Q5 new stairs replace the old wooden
stairs on the paths to the investigation plots
(Figure 1). The stairs in the reserve are a
costly factor for our partner Foundation Nature and Culture International (NCI). Unfortunately, they are necessary, to prevent erosion not to provide comfort. Due to frequent
walking, the organic layer on the steep paths
can quickly erod and a drainage channel
will form soon. The stairs and footbridges
effectively prevent both and thus preserve
the area and research plots, thanks to our
partner NCI.

New tower at Cajanuma

Figure 2: Paúl Pacheco (company Metalcom), Roberth Feijoó (our driver) and Juan Maldonado are
inspecting the new tower site at Cajanuma (f.l.t.r.). Photo: Felix Matt

The construction of the Cajanuma tower
has begun recently (Figure 2). Hopefully it
will be completed by the start of the next
field campaign in February 2020.
Felix Matt, local coordinator
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Knowledge Transfer
Dr. Darwin Pucha Cofrep
and partly Prof. Dr. Achim
Bräuning (Erlangen, Subproject B2) held a training
course on wood anatomy at
the Universidad Nacional de
Loja (UNL) during September 23 to 28 2019, in which
13 students successfully
participated. After one day of
field work and material collection, theoretical lectures
on preparation and analysis
of wood anatomical thin sections were given, that were
complemented by practical
laboratory work. Finally, lectures on quantitative analysis of wood anatomical traits
and subsequent climatological data analysis were given.
Achim Bräuning

Figure: Attendants of the UNL course on dendrochronology and wood anatomy. Photo: Narváez Luis

People and Staff
Photo: Jan Gemeinholzer

On December 12, 2019,
Volker
Raffelsbauer
successfully defended
his PhD thesis entitled
“Tree water relations
and drought responses
in contrasting neotropical forest ecosystems
in southern Ecuador.”
Some of the outstanding findings of his research were that shrinkage and resaturation of tree stems in the humid mountain
rainforest at RBSF respond species-specific to short-term drought events [1]. In the
dry forest in reserve Laipuna, different tree

functional types showed different water
holding strategies, where stem diameter
fluctuations and sap flux density of the deciduous stem succulent Ceiba trichistandra responded most sensitive to changes
in water availability [2]. Volker now holds
a post-doc position in project B2 and will
continue to study tree water relationships
in different forest ecosystems within our
RESPECT Research Unit. 

Achim Bräuning

Tree circumference changes and species-specific growth recovery after extreme dry events
in a montane rainforest in southern Ecuador.
Frontiers in Plant Science 10, Article 342. DOI:
10.3389/fpls.2019.00342
[2] Butz, P., Raffelsbauer, V., Graefe, S., Peters, T., Cueva, E., Hölscher, D., Bräuning, A.,
(2016): Tree responses to moisture fluctuations in a neotropical tropical dry forest. Ecological Indicators 83: 559-571. DOI: 10.1016/j.
ecolind.2016.11.021
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Photo: private

Kalle Hartleif started his
research work in the Soil
Science Group at the Institute of Geography and
Geoecology of the Karlsruhe Institute of Technology (KIT, Germany) in
November 2019. During his stay in Ecuador, he focuses on investigating nutrient
leaching within subproject A3. To this pur-

pose, he has set up an experiment using
exchange resin bags to collect nutrients
transported through the soils at 1000, 2000
and 3000 m a.s.l. on all plots of the Research Unit in the natural forest and on the
pastures sites. 
Andre Velescu

Photo: Katja Trachte

Jana Schön has recently started her work
as a research assistant in subproject B4
(Integrating abiotic covariates, functional
trait diversity and consequences of important processes on the ecosystem level) in
the working group of Prof. Roland Brandl
(University of Marburg). Johanna Berger
and Sina Kannengießer are Master students, Raya Keuth and Sophia Just are
Bachelor students in the same subproject
(B4) in the working group of Prof. Nina Farwig (University of Marburg). Together with
Marcel Becker, technical assistant of the
group of Prof. Nina Farwig, they conducted
fieldwork in Bombuscaro from September
till November 2019 as part of the “canopyfogging-unit” (see Figure on top). Jana
Schön’s research will focus on relationships between degrees of herbivory and
communities of herbivorous arthropods,
plants, and their traits along environmental
and land-use gradients. 
Nina Farwig

Dr. Katrin Heer will analyze tree phenology in our study region and started her own
Emmy Noether group in January 2020 at
University of Marburg, Germany. To do so
cameras will be installed on the top of our
monitoring towers in the tropical mountain
forest. One of the topics she is going to address is how tropical trees “know” when to
bloom in the absence of triggers like day
light variations or other seasonal changes.
She will closely cooperate with the RESPECT Research Unit. In the rubric Miscellanous in this Tabebuia Bulletin issue she
introduces her research in detail. 
esw

Photo: Eike Lena Neuschulz

The new canopy-fogging-unit 2019 working in subproject B4: Sophia Just, Johanna Berger, Sina Kannengießer. Raya Keuth, Jana Schön, Marcel Becker
(f.l.t.r.). Photo: Felix Matt

Marta Quitián and Vinicio Santillán, of
subproject B3, successfully defended
their PhD theses conducted within the
framework of PAK 825. Vinicio Santillán
presented his work on 2 December 2019.
In his thesis, Vinicio investigated the spatiotemporal dynamics of bird diversity across
an elevational and land-use gradient in and
around Podocarpus National Park. His thesis aimed at understanding how abiotic and
biotic factors shape different facets of bird
diversity, including spatial and temporal dynamics in species richness and abundance
and patterns of functional bird diversity. In
brief, he found that
1 elevation has mostly indirect effects
on local bird diversity, mediated via
temperature, precipitation and vegetation structure;
2 temporal variation in bird diversity is
driven by climate rather than by resource availability, and
3 responses of taxonomic and functional
bird diversity to forest fragmentation
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are uncoupled across the elevational
gradient. He has published his studies
in three journal articles (Santillán et al.
2018, 2019, 2020).
Marta Quitián defended her thesis on 28
November 2018. She studied how natural
and human-induced environmental gradients influence trait diversity and interactions of plant and bird communities in and
around Podocarpus National Park. Her thesis aimed at understanding how these gradients modify the structural and functional
properties of plant-frugivore networks, as
well as the derived ecosystem function of
seed dispersal by animals. She found that
1 human-induced forest fragmentation
has elevation-specific effects on network structure,
2 wing shape determines the ability of
bird species to switch between different
plant resources in response to forest
fragmentation, and
3 frugivorous bird abundance is a stronger driver of community-level seeddispersal function than taxonomic and
functional bird diversity. Marta has published her work in three journal articles
(Quitián et al. 2018, 2019 a,b).
We congratulate Vinicio and Marta to their
successful defenses and wish both of them
all the best for their future scientific endeavors.
Eike Lena Neuschulz, Matthias Schleuning

Katja Trachte (subproject A1) has been
appointed to the chair
‘Atmospheric Processes’
at the Institute for Environmental Sciences of

About Us
RESPECT Research Unit

The megadiverse tropical mountain
rainforest of the Ecuadorian Andes is
globally among the ecosystems that
are most threatened by environmental change. Bio- and geoscientists as
well as environmental modelers of our
interdisciplinary Research Unit (RU)
RESPECT “Environmental changes
in biodiversity hotspot ecosystems of
South Ecuador: RESPonse and feedback effECTs” investigate the resilience of different systems ranging from
natural forest to pasture under climate
change. The joint focus of the RU is a
better understanding of ecosystem water regulation and biomass production.
The research is kindly funded by the
Deutsche
Forschungsgemeinschaft
(German Research Foundation, DFG).
In the Tabebuia Bulletin, scientists and
stakeholders inform about their progress and latest research results of the
RU (FOR 2730) that started in March
2018. The Bulletin is named after the
Tabebuia tree that displays charismatic
yellow blossoms and is native in the
Neotropics.
All members of the RU are working on
the same research plots in the tropical mountain rainforest and its human
replacements systems at three elevations. We are addressing the research
question with two approaches
(i) a statistical response-effect
framework (REF)
and
(ii) an improved newest generation
Land Surface Model (LSM).

the Brandenburg University of Technology
Cottbus-Senftenberg (BTU), Germany, as
of October 2019. She is going to continue
her research activities in the field of water
and carbon cycling as well as boundary
layer processes and microclimates. Her
new contact details are: Burger Chaussee
2, LG 4/3 Campus Nord, Brandenburg University of Technology Cottbus-Senftenberg,
D-03044 Cottbus; e-mail: katja.trachte@btu.de; website https://www.b-tu.de/en/
chair-atmospheric-processes.

The latter is “biodiversified” by adapting it to the local vegetation and, for
the first time, by including focal biological processes. For statistical analysis,
model forcing and parameterization,
we also make use of comprehensive
data sets gathered in more than 20
years of ecological research in this
area, stored in a custom-tailored data
warehouse.
In 1997, a small group of German researchers funded by the DFG started
to investigate the biodiversity rich
mountain rainforests. In 2001 the first
DFG RU (FOR 402) operated with a
significantly larger consortium than
the starting group. A second RU (FOR
816) continued from 2007 to 2013.
A joint knowledge transfer program
(DFG-PAK 823-825) between German
researchers, Ecuadorian universities
and non-university partners continued
interdisciplinary research on developing prototypes for sustainable landuse
and functional monitoring in the years
2013 to 2017.
Over the years, cooperation with Ecuadorian partners gradually intensified and now include the Universidad
Técnica Particular de Loja (UTPL), the
Universidad Nacional de Loja (UNL),
the Universidad del Azuay (Cuenca),
the Universidad de Cuenca, the foundation Nature and Culture International
(NCI) and the Instituto Nacional de Biodiversidad (INABIO). Two knowledge
transfer projects funded by DFG are
closely linked to our RU: The programs
Nuevos Bosques para Ecuador and
Radar Net Sur.
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Event Calendar
The Conference of Tropical Ecology and
the Annual Conference of the Society for
Tropical Ecology (gtö) will be hosted by
Leipzig University, Germany, 24-27 March
2020. Two of the conference sessions will
be chaired by members of our RESPECT
Research Unit. Session 2: Land surface
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Prof. Dr. Dr. Erwin Beck,
University of Bayreuth, Faculty of Biology, Chemistry and Geoscience,
Germany, e-mail: erwin.beck@unibayreuth.de
Prof. Dr. Achim Bräuning,
University of Erlangen-Nuremberg, Institute of Geography, e-mail: abraeuning@geographie.uni-erlangen.de
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Conservation Ecology, University of
Marburg, Germany, e-mail: farwig@
biologie.uni-marburg.de
Dr. David Siddons,
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Hydro-, Soil- and Geochemistry
Dr. David Windhorst,
Justus Liebig University Giessen,
Germany, e‑mail: David.Windhorst@
agrar.uni-giessen.de

modeling meets sensing, Conveners:
Jörg Bendix, Thomas Hickler and Session
3: Biodiversity across elevational gradients, Conveners: Nina Farwig, Eike Lena
Neuschulz. More details on their website:
https://www.soctropecol-conference.eu
Member Assembly of our RESPECT Research Unit is before the Conference in
Leipzig on 24 March 2020, 9:00 - 13:00 hours.
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