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9. Fieldwork: Introduction

The BonDiv project is a large-scale collaborative research project that aims to investigate and document
bonobo intraspecific diversity at 30 sites within the Democratic Republic of Congo, allowing for simultaneous
study of multiple sympatric species and local ecosystems. This project aims to achieve the following goals:

- Understand bonobo behavioral diversity, speciation, and ecology (including sympatric wildlife).

- Understand drivers of bonobo distribution and potential threats.

- Establish a network of research sites, with an information service across them that serve as sentinel
sites for biodiversity, ecosystem, and emerging zoonotic disease monitoring.

- Equip decision-makers such as the ICCN (Institut Congolais pour la Conservation de la Nature) with a
balanced dataset of bonobo distribution and densities and related data.

- Develop the capacities of local Congolese stakeholders with the skills and tools needed to perform
wildlife population monitoring independently.

Over the course of 12 continuous months, we gather detailed data on the ecology, demographic and social
structure of bonobo communities at each site. By systematically collecting data with an identical protocol and
using the latest methodologies we aim at filling the gap of comparable information in the bonobo habitat area.

Fig 14: Our vision of possible BonDiv sites to establish together with local collaborators already on site. Bonobo range in
gray.
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10. Working structure. Priorities and goals of research sites and satellite sites

Each team will be led by a Congolese researcher and an international fellow (researchers). Both researchers (A
and B) will participate in the training workshop which will occur prior to data collection, and then the
researcher and fellow will travel together to establish research at their assigned field site. Together with the
support of local field assistants who will be hired on site (either by the researcher/fellow or by the local
organization), the researcher and fellow will start field work upon their arrival at their site (section 11 “data
and samples collection”).

Table 15: Project timeline

activity M
1

M
2

M
3

M
4

M
5

M
6

M
7

M
8

M
9

M
10

M
11

M
12

M
13

M
14

M
15

M
16

Kinshasa initial workshop x

province meeting provincial authorities x

populations next
to research site

site based workshops x

interviews * * * *

research site

climate data * * * * * * * * * * * * *

recce x

vegetation plots x x A A
phenology x x x A A A x A A A x x

thv samples x x x A A A x A A A x x

bark samples x

leaf samples x A A
flowers/fruits/nuts samples when available

camera trap (targeted and systematic) x x x x A A A x A A A x x

rainwater samples x x x A A A x A A A x x

surface water samples for isotopes x x x A A A x A A A x x

surface water sample for eDNA x A x

ground soil samples x A x

insects traps and leaf swabbing samples x A x

line transects (& ant samples) x x x
strip transects (& termites, termite soil) A
other organic sample collection x x x x A A A x A A A x x

potential tools x x x x A A A x A A A x x

satellite site

recce B B
camera trap B B B B B B
bonobo organic samples B B B B B B
potential tools B B B B B B

city travel to the city for data transfer x x x

Kinshasa
export permits/data management x x

post data collection workshop x

x: both Congolese researcher and Fellow/ *: third person / A: Researcher A/ B:Researcher B
When having more than one activity per month, do them in the order they appear here (starting from the top)
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The researcher/fellow will collect data at their main research sites, but also will collect data at two satellite
sites that are located 50-100 km distance of the main research site. One researcher (A) will collect data only at
the main research site, whereas the other researcher (B) will support data collection at the main research site,
but also lead sample collection at the satellite site. After some aspects of data at the research site are collected,
researcher/fellow B and one field assistant will travel to start the first satellite site (see timeline fig 13). The
satellite site(s) will last at least two months and up to a maximum of three months each, and they will be
focused on collecting bonobo organic samples. Camera traps and recce surveying will be used to help find the
bonobos. During this time researcher/fellow A and the other field assistant will continue the data and sample
collection within the grid at the main research site. Between rounds two and three of line transects,
researcher/fellow B and one field assistant will establish the second satellite site (see section 10.2 Satellite
site(s) for more info). As habitat surveys are very time-consuming, they will be split into two rounds, the
second one carried out by researcher/fellow A plus assistants if by then researcher/fellow B is still at the
second satellite camp.

There will be other responsibilities that the field researcher and fellow will need to take on that are not
included in this timeline, that can be split or shared between both researcher and fellow according to their
competencies and experiences, such as communication with the coordinator, staff supervision, finance
reporting, camp maintenance, logistics, etc. Generally, the responsibilities of all aspects of the direction of
each research site should be well-defined and clear between each researcher/fellow.

10.1. Research Site Selection: recce and grid placement

The majority of data and sample collection will be done in a selected grid at the research site, although organic
bonobo samples will be collected anywhere that they are found and two satellite sites will be established out of
the grid (50-100 km away) to reinforce the bonobo sample collection.

Material Needed:

- GPS and extra batteries
- Data collection phone with 'recce&opportunistic' application (CyberTracker program)
- All team members
- Binoculars (minimum of 2)
- Compass (minimum of 2)

10.1.1. Initial recce

If the bonobo home range limits or core area is already known at your site, place a minimum 20-30km2 grid
with 1x1 km cell size on a map of the area that completely covers the home range. However, in most cases, the
boundaries or core area of a bonobo community will not be known. A recce (or reconnaissance) survey is
needed to determine the hotspots of bonobo activities, remembering that bonobo territory use is seasonal and
the recce survey reveals only the activities for the last months. An area of a minimum of 100 km² (about 10x10
km) is covered with recces evenly spaced by 500 m in a closed rainforest (Figure 16). Recces don’t always
need to be completely square.
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Figure 16: Example for the establishment of a 5x5km grid, with 10x10km recce walked every 500m, and bonobo signs
(green and orange points).

A recce is a path of least resistance through an area following a compass bearing north-south. If a recce
structure of north-south is not possible due to the terrain, contact the coordinator to decide how to design the
recce. Recces should be conducted all at once, one day after the other until they are finished. During the recce
walk, all signs of bonobos are recorded (sightings, vocalization, feeding signs, footprints, nests, dung and
carcasses). You should also record details regarding the structure of the recce (start, stop, direction change), as
well as note any signs of other animals or humans or water sources (rivers, swampy areas, streams, temporal
water sources, etc.). Recces can be conducted at a pace of 2-3 km an hour, and you do not need to remain in a
perfectly straight line, but are allowed approximately a 50m error on both sides. For example, if your recce
line is to be conducted along the midline of one of your grid cells (e.g. XXX500), then you are allowed to
move within the coordinates of XXX450 and XXX550. CyberTracker will guide you through the data that
need to be collected, but it will include, date/time, coordinates, habitat type, canopy coverage, soil, and if
taken, sample ID and photo name.

For each nest you find, you need to collect on top the following information: nest_group, nest_id (to
differentiate them in case of having more than one nest per location), nest_age (1-4, see appendix) ,
distance_from_trunk_cm, nest_height_cm, nest_genus (tree), nest_species (tree), nest_local_name(tree),
circumference_cm (tree) measured at Breast Height (measured at 1.3m height), sample_id if you collect hair
from the nest (see section 22 “hair samples” for more details) and photo_id.

If you see bonobos directly during the recce, add as much information as possible in the comment section of
the CyberTracker program, including what they were doing, their reaction when they saw you, on which tree
species they were, what they were feeding on, age and sex class of the individuals in the group, etc.
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You will create a map in QGIS with all the bonobo signs. Different types of signs (nest, feces, feeding remains,
traces, vocalizations, direct signs, etc.) are separately plotted. A grid with a 1x1 km cell size will be laid in the
center of the majority of the bonobo observations. The grid is extended at a minimum two-three km in all
directions to cover a minimum of 25-30 km², having the grid cells always starting on xxx000_xxxx000
(easting (x)_northing (y)). All the sites will create this map, sites with an internet connection will send the map
so the final placement of the grid will be confirmed by the coordinator, and sites with no internet connection
will send the coordinates of the proposed grid (4 corners if quadratic, more if another shape), and the
coordinates of all the bonobo observations and their type via InReach, so the coordinator can create the map
and confirm the grid's final location.

All data and sample collection at the research site take place within the area of the grid that you choose, except
for the collection of bonobo organic samples which will be collected wherever you find them (and at the
satellite sites). If permanent water sources are NOT found during the recce, water source mapping needs to be
conducted, as this indicates a low density of water in the grid (get in contact with the coordinator if this
happens). To do this, walk along valleys and any other areas with a high likelihood to have water within the
grid to identify water source locations and take GPS coordinates. Use the recce&opportunistic cybertracker
database for the water source mapping.

10.1.2. Grid

The grid covering the data collection zone is divided up into 1x1 km cells that are labeled as follows:
- columns are labeled with numbers starting with ‘1’ for the Western most cell
- rows are labeled with letters, starting with ‘a’ in the Northern most cell (Figure 17).

Figure 17: Example of a grid and its labeling methodology

The grid is used to distribute data collection over your research area, such as camera traps (see section 16 for
details) or line and strip transects (see section 15 for details). The establishment of a good grid system will
ensure balanced spatial coverage of data collection, which is essential for later analysis. The grid does not need
to be quadratic but should be adapted to the bonobo signs found during the recce survey. The collection of
organic material such as hair or fecal samples is opportunistic and not bound to particular cells within the grid.
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10.2. Satellite Site(s)

Twice a year, somewhere between 50-100km away from the grid area, an area of 100 km2 (10x10km) will be
surveyed following the recce protocol. The placement of this sampling area will be selected with the help of
the local organization, your local field assistants, and local people who know the area well, based on local
knowledge of bonobo locations in the last several months. One field researcher/fellow, one field assistant, and
a temporary cook/guard will leave the main research site and travel to the satellite site, with the assistance of
hired porters to transport necessary equipment and food to the satellite site. Both teams (the one at the satellite
site and the one at the research site) will have an InReach device so they can stay connected with each other
and with the coordinator. Depending on the local logistics of each satellite site, the team at the satellite site
could get supplies from villages nearby or they would need to organize how and when material and/or food
will be transported from the research site to the satellite site. Each satellite site will bring its own unique solar
panel system to charge equipment.

The focus at the satellite site will be the collection of bonobo organic samples (e.g., feces, urine, hair,
carcass…) over 2-3 months, camera traps will be installed to help find bonobos. The camera traps used at the
satellite sites will be borrowed from those used for targeted sampling at the main research site. To begin
research at a satellite site, conduct a 10x10km recce survey, collecting the same data (bonobos, humans, other
animals, water sources, recce details…) and collecting any bonobo sample you find. Place a maximum of 10
cameras on animal paths, natural bridges, etc, to help you find the bonobos (see more about cameras in section
16). The cameras need to be reviewed very frequently as they will give you hints about where the bonobos
may be. Once the recce is done, walk every day to the places where you have found bonobo signs, to look for
fresh bonobo organic samples. In case you don’t find bonobo signs anywhere in the recceed area, consult the
coordinator for directions.
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11. Data and sample collection - Introduction

Although there are several types of data and samples that you are expected to collect during your time in the
field, the goal of the BonDiv project depends on collecting as much information as available, as properly as
possible - as it is explained in this protocol. Therefore, you should aim to collect as much information and
samples as you encounter and should not restrict data or sample collection to these specific protocols. Never
turn away an opportunity to collect additional data or samples!

In the Recce CyberTracker program, there is a category for the opportunistic data collection on any
observation found when doing other activities that are not covered by the program (e.g., you find a bonobo
fecal sample when during the phenology survey). Most of these data are similar to recce data, such as when
you have direct sightings of other animals, encounter human signs like snares, hear a gunshot, or find an
interesting landmark of the landscape. Collect these data even as you are in the forest to collect other types of
data. General types of data to include with these observations include GPS coordinates, time, date, and habitat
type.

Additionally, general environmental samples that are not directly related to bonobos are also good samples to
collect, even if they do not fall into one of the sampling protocols described here. If you encounter something
interesting which could be sampled (e.g. a snake skin, a feather) while in the forest, please collect it and assign
it a sample ID. Once you have collected it, store it properly (check with the coordinator if in doubt) in camp
and make sure to preserve it with the same care as you do with other types of samples.

In the following sections, you will find detailed information about how to collect data and samples within the
grid system you have established. Remember that bonobo sample collection is not restricted to this grid system
and extra effort will also be made with your satellite sites to supplement bonobo samples and data to the
collection.

46
BonDiv June 2023



Table 18. Overview of data and sample collection

47
BonDiv June 2023



48
BonDiv June 2023



12. Climate Data

Climate data are collected to understand climatic variation within the year at each research location. It is a
simple but critical component of data collection. Climate data will be collected on paper, and once a week
entered in the master file. The collection of the climate data is the ONLY one that could be delegated to the
cook/guard if there are days when the Congolese researcher and fellow are not in camp, as climate data should
be recorded daily for at least one year. Be sure that the instructions to your cook on how to collect the data are
clear, do it together for at least one month to be sure that instructions are clear and data could be collected
properly if none of the researcher/fellow are in camp.

Please ensure that your climate station (the place where you install the climate devices, except for the rain
gauge) is placed in a representative location of the site, at an adequate distance (~300m) from camp, a village,
or other uncharacteristic areas.

12.1. Temperature and Humidity

Material Needed
- GPS and extra batteries
- Data sheet papers
- Thermohygrometer
- Roof for the thermohygrometer
- Temperature, Humidity and Pressure Data Logger

Minimum and maximum temperature and humidity should be collected daily from a representative location of
the predominant habitat at each site if possible (in most cases, in the forest). These will be collected using a
thermohygrometer placed in a shady location (no sun passes to within 5 meters of its location), at 1,5 meters
height approximately. Make sure when you install the thermohygrometer that it is securely fastened to a tree
trunk with zip ties, a bit separated from the trunk to avoid the humidity of this one, and that it will not get
excessively wet when it rains. You need to affix a roof above the device to help to keep it dry - this should be
done with a minimum of 10cm from the device to permit ventilation. Note the coordinates of the location
where you place the thermohygrometer.

Data from the thermohygrometer should be collected in the evening around the same time each day. Once the
data are collected, it is important to press the reset button to ensure that the min/max are only recorded for
the next day (and do not include the day before). If you have forgotten to press this button, please enter that
you have forgotten in the comments of the data sheet, and reset the thermohygrometer at the normal time the
next evening. If you were unable to collect climate data at your usual time in the evening, you can record and
reset the data as soon as you are able. Enter the data into the master file every day if possible, and at least once
per week.

The Data Logger will be installed close to the thermohygrometer. It will collect the data automatically. Data
will be downloaded at the end of the fieldwork period, and pasted into the metadata file.

12.2. Rainfall

Material Needed
- GPS and extra batteries
- Data sheet papers
- Rain gauge
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Rainfall data should be collected using a rain gauge placed perfectly vertically, and in an open area (no
potential obstructions within 5m on all sides). You may find that your camp is an ideal location for your rain
gauge (the area is open and can be easily monitored). Note the coordinates of the location where you place the
rain gauge.

To record the rainfall data, you just need to write down the number that the water has reached inside the rain
gauge, and empty it before installing it again. Rainfall data should be collected in both the morning and
evening around the same time each day, to prevent water evaporation (and therefore underestimation of rain
received) and reduce the chances of overflowing. Once the amount of rain has been recorded, the rainfall
gauge can be emptied and returned to its holder.

Your rain gauge allows overflows on days with heavy rain. If this happens, you need to note what is inside the
gauge, empty it, and place the water that is on the lower part of the device (that has overflowed) in the gauge
to measure it again. The sum of these two numbers is the amount of rainfall to enter. If it has rained but there
is no water in the rain gauge OR if the rainfall amount falls below the smallest measurable mark, please write
the word ‘trace’.

Please note: rainfall water samples will be collected from another container and NOT from this rain gauge. See
more information on water sample collection in section 24.

12.3. Soil moisture and temperature

Material Needed
- GPS and extra batteries
- Microclimate logger

Microclimate loggers will be installed next to the thermohygrometer and the Temperature, Humidity, and
Pressure Data Logger to monitor soil moisture and temperature in a depth of -6, +2 and +15cm.

Set up the microclimate logger by making a hole in the ground with the metal rod. Then place the climate
logger in the hole. Make sure the entire green part of the logger is in the ground to measure the soil
temperature. The logger will store the temperature data and will be downloaded in Germany. Add the
microclimate logger ID in the ^electronic_equipment tab of the master file (ID already written on the logger,
you don’t need to give it one).

Figure 19: Microclimate logger, the entire green part of the logger has to be in the ground.
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13. Vegetation Data

The aim is to identify tree, liana, and herb species present in the study area, and their densities in the data
collection zone. Camera traps will be placed during the first round of vegetation plots, you have determined
locations for the systematic cameras and will need to find good spots for the targeted cameras (see more in
section 16 camera traps).

Material Needed for conducting one plot:

- GPS (with plot coordinates assigned with the coordinate generator) and extra batteries
- Data collection phone with 'plots' application (CyberTracker program)
- All team members
- Stake Wire Marking Flags or rope to mark the edges
- 50m measuring tape
- 1,5m measuring tape for DBH
- 4 x 1m long (straight!) sticks for the THV plot (can be sourced locally and re-used)

13.1. Vegetation Plots

13.1.1. Plot Distribution and Establishing the Plot

Vegetation abundance and distribution will be determined to allow comparison of forest productivity and food
availability from landscape to landscape. To accomplish this, we aim to collect data from a minimum of 100
plots of 50x50m size within the grid cells to catalog all trees and lianas that occur in this area (see Figure 20).
Surveying these plots can be very time-consuming and must be done carefully, therefore to accommodate the
effort needed to collect this data, plot sampling will be split into two rounds of 50 plots each across all of the
grid cells. Is it important that the first round of vegetation plot sampling is the first thing to do once the grid is
placed because you will use these plots to select your phenology trees (which will be surveyed for 12 months).
If there are data enough from your site to select the phenology species before the start of the fieldwork (always
having the final agreement from the coordinator), the first scoring of phenology would be done during the
plots as you find individuals of the phenology species (see more about phenology in section 14). If plots are
needed to select phenology species, the first round of plots should be performed within a month. Communicate
with the coordinator if, after a couple of days of plots, you realize that it is not possible to finish the first round
in one month. In this case (and only after having confirmation from the coordinator) it would be possible to
perform one vegetation plot per grid cell (the central one) and move the other vegetation plot per grid to the
second round of plots.

Once you have identified the layout of your grid system, you can use the coordinates generator to get the
starting point of each plot (see Figure 21). Each grid cell should have four 50x50m plots surveyed (see Figure
20), which will translate into 100 plots in total in a 25km2 grid (in a smaller grid, random plots will be
assigned to have a minimum of 100 plots in total). Your first round of vegetation plots surveyed will be located
along the midline of each cell, starting at the southern limit and midpoint (plot 001 easting xxx500 northing
xxxx000), and continuing north where the transects will also be walked, with the starting point every 500m
north (plot 002 easting xxx500 northing xxxx500, plot 003 easting xxx500 northing xxx1000, etc). The second
round of vegetation plots should be located on the western edge of each grid cell (easting xxx000), at 250 and
750m from the southern corner of the grid cell.
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Figure 20. Example of 5x5km grid, with dotted lines representing the transects, and 50x50m plots in green and blue.

To begin the vegetation plots survey, you should know in advance where the starting point of each plot in each
grid cell is located - these starting points represent the southwestern corner of each plot (i.e. the plot area will
be located on the EASTERN side of the transect). Each plot will get a “plotID”, a consecutive number
(001-100). The starting points are always in the southwestern point, even if you arrive at the plot from the
north.

Figure 21: Example of plot with the southwestern marked (starting point)
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Once you arrive at the southwestern point, measure 50m towards the east with your tape measure, and mark it
(either with rope or with flags in the corner). Then walk 50m north (and mark it), 50m west (and mark it), and
50m south (you should arrive at your starting point).

When you measure the last 50m to the south and do not arrive back within 1m of your original point, re-do the
last side. If you still cannot arrive, you must re-do the last TWO sides (see Figure 22).

Figure 22: Example of vegetation plot creation. Square A is the ideal plot, perfectly square and exactly 2500m2 in area. Square B is not
an ideal plot and should be fixed if possible, but is acceptable as it is still the necessary 2500m2 in area. Although Square C has four
sides which are each 50m long, it is not 2500m2 in area and must be fixed.

A helpful aside as you plan your surveying: if your site is located in a forest with dense understory, you may
need to cut a small path to open the midline of each grid cell in order to be able to walk the transects, however,
this should only be done if absolutely necessary. Generally, we should aim to avoid cutting or damaging the
forest vegetation in any way possible. If you do need to cut a small path for your transects, you can plan to cut
them during the vegetation plots as it will not interfere with the data collection; cutting transect lines is very
noisy and impacts the forest. Animals will flee before you even see them, therefore this should be avoided
during the line transects survey.

13.1.2. Data collection

Once you have managed to establish the square for your plot, you can begin collecting data. There are data to
collect overall for the plot itself, as well as data about each tree with a Diameter at Breast Height ≥ 10 cm
(approx. 30cm in circumference) measured at 1.3m height, and each liana over 2cm in diameter (approx 6cm
circumference) measured at 1.3 m from the base of the largest stem.

The data to collect overall are the following:

- grid cell
- plot ID (001-100)
- coordinates of the starting point.
- habitat type of the starting point: use habitat classifications in the appendix.
- understory of the starting point: open or closed
- soil type of the starting point: use soil classifications in the appendix
- canopy coverage of the starting point: use canopy classifications in the appendix

You should imagine a square above your head in the starting point, and estimate the percentage of
canopy cover for that spot according to the categories provided.

- note if there is a river, path, or other notable or unique landmark running through it (e.g. human
disturbance, large rocks or unusual components of the habitats, a large fallen tree or canopy gap, etc.)
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For each tree with a circumference at 1.3m height ≥ 30cm or liana at 1.3m from base ≥ 6cm encountered
within the plot, you will record:

- species*
- Diameter at Breast Height (DBH) at 1.3m height for trees or the diameter of lianas measured at 1.3 m

from the base (see the section on DBH measurement). In the field, you will measure the
circumference, and the diameter can be calculated by us later by multiplying by 3.14. If a tree stands
right on the edge of the limit of the plot, it should be included if its center point is located within the
plot. If this center point is not located within the plot, you do not need to collect data on this tree.

- the height of the tree (liana’s height is not relevant)
- if any type of sample was collected from the tree/liana
- special comments about the tree

*We have provided you with different vegetation guides to help you identify the trees and lianas. If you are
unable to identify a tree or liana species, you must give it a unique identifier and take additional data to
facilitate its identification later. To do so, you will do the following:

- ask your field assistants what the local name is, and if they do not know it, ask them if they believe the
species to be similar to any they do know

- take identifying pictures of the trunk (with a small cut to remove some bark), leaves, and any available
reproductive organs. (see ‘Which-parts-of the-plant-should-I-photograph_Matt-Walters_small.pdf’ in
Folder_structure\SiteCode\Documents\References\Literature\Vegetation and Phenology for more
details)

- take a leaf sample for genetics (see section 25.2) in addition to the herbarium sample
- collect a herbarium sample (see section 25.4)
- assign it a unique unidentified code (e.g., unk01, unk02. Repeat “unk01” when you find this species

again later. Note the unknown ID in the genus and species section of the CyberTacker program.
- mark the tree and take a waypoint for you to return to the individual later to try to identify it with a

guide present, or in case a botanist or other team members can later help with identification
- when you return to camp, refer to the plant guides to try to immediately identify the species, if

possible. It is not advisable to wait to do this, as your ability to identify this species will be best when
the image of the tree is still fresh in your mind.

- if you identify any of your unknown species, take notes on which characteristics you used to identify
it, and add the species anywhere in the master file where you have that species, leaving always the
“unkXX” code in the comments. (in case the identification was not correct, we will be able to trace
them)

13.1.3 Accurate measurement of DBH

DBH is measured at 1.3m and should be measured perpendicular to the direction of the trunk. In most cases,
this means you should ensure to measure perfectly horizontally to the ground (assuming flat, even ground),
however, trees growing at an angle will not be measured horizontally but at a 90º angle to the direction of the
trunk. Ensure when measuring DBH that your measuring tape is snaked underneath any additional structures
growing on the trunk so that you are measuring only the trunk and not additional growths (such as strangler
vines). A good rule of thumb for the minimum DBH of trees that we measure (10cm) corresponds to
approximately 30cm in circumference (what you actually measure), and the minimum DBH for lianas (2cm) is
about 6cm in circumference.

Each member of your team should measure the location of 1.3m (130cm) on their body and remember this
location - this will allow them to rapidly measure the DBH of trees and lianas. The height of measurement
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corresponds to the distance from the base of the tree along the length of the trunk; this has several critical
implications for how you measure DBH:

- if the tree grows at an angle and is not perfectly vertical, measure 1.3m distance from the base of the
tree and measure there

- if the tree has buttresses at 1.3m, measure 50cm above the top of the buttress.
- if the tree has a bulge or swelling at 1.3m height, measure the DBH at 2cm below the base of the

swelling
- if the tree is larger than 150cm in circumference, use two people to help measure the circumference in

150cm segments, and add the cumulative circumference (as you will use multiple lengths of 150cm).
Two people measuring is necessary because you will need multiple hands to keep track of the location
of the ends of the measuring tape. You will have to pay extra attention when measuring to ensure you
are measuring perfectly perpendicular to the growth of the trunk.

- If the tree branches into multiple segments before 1.3m, measure all segments larger than the
minimum diameter (10cm) of the tree and enter the data into CyberTracker to indicate they are part of
the same individual. (enter the sum of the segments measured and the individual measurements in the
comment note)

- When measuring a liana, find the most prominent segment that enters the ground and regards this as
the central branch. Measure DBH at a 1.3m distance from the ground, regardless of how vertically
high this location is.

Figure 23: tree has buttresses at 1.3m, measure 0.5m above the top of the buttress; if the tree has a bulge or swelling at 1.3m height,
measure the DBH at 2cm below the base of the swelling; if a tree branches into multiple segments before 1.3m, measure all segments
larger than the minimum diameter and sum up the measurement.
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13.2. THV Plots

Four terrestrial herbaceous vegetation (THV) plots will be surveyed within each vegetation plot. First, prepare
four 1 m long (straight!) sticks that will be your guide for conducting the THV plot. Once you are done
recording all the trees and lianas in the vegetation plot, go back to the southwestern point (starting point). Walk
north 10 meters, and turn east 30 meters. This will be the southwest (SW) point (starting point) of your first
1x1m THV plot. Inside this plot, you need to count the number of woody saplings < two meters present (no
species identification needed for woody saplings) as well as the number of individuals of each THV species
present. If you don’t know the species of THV, give them a code (“unk01”, etc.), add a description in the
comments, take pictures and take samples and collect a herbarium sample (see section 25.4). Be sure you use
the code every time you find that specific THV species.

Go back to the original line, and walk north another 10m. This time, go east 10m, this will be the SW point of
your second 1x1m THV plot. Go back to the original line, and walk north another 10m. Go again 30m east to
reach the SW point of your third 1x1m THV plot. Go back to the original line, walk north another 10m, and go
east 10m until the SW point of your fourth 1x1m THV plot. See Figure 24.

Figure 24. Sampling scheme for the four THV plots within each 50 x 50m vegetation plots. All saplings and THV species will be
counted in each THV plot.

The starting point of each THV plot (southwestern point) will be also given by the coordinate generator that
can be used as a reference. Always measure distances with the 50m tape as described above.
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Figure 25: example of coordinates calculated with the coordinates generator. Blue and green dots are the starting points of the
vegetation plots, and black dots are starting points of the THV plots.
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14. Phenology

Aim: To identify the annual cycle and productivity of bonobo feeding tree and liana species at the site.

The phenological study will be carried out over a period of at least 12 months to allow for the estimation of
seasonal variation in forest productivity and food availability for bonobos. Phenology scoring should always
be made by the same researcher/fellow, and consequently, the researcher/fellow who will not travel to satellite
sites. Monthly phenology should be recorded in the shortest period of time possible on consecutive days. Each
tree or liana will get a tree/lianaID, derived from consecutive numbers (if you have 200 individuals, your
tree/liana IDs will be 001-200). Use the flagging material to add a label with the tree/lianaID to each
individual to help you in the monthly monitoring.

Materials needed:

- GPS (with phenology trees and liana locations saved) and extra batteries
- Data collection phone with 'phenology_initial' application (CyberTracker program) for month one.
- Data collection phone with 'phenology' application (CyberTracker program) for months two-12
- Always the same researcher/fellow (at least one)
- Flagging material
- 1,5m and 50m measuring tape for DBH
- Binoculars (minimum two)

14.1 Selection of trees/lianas species and individuals

Ideally, your list of phenology species should reflect a good measure of the food consumed by bonobos in your
area, as well as foods consumed by bonobos elsewhere. Once you have completed the first round of habitat
plots (or the first 25 plots if the first round cannot be conducted within a month), compare the species present
at your site with the list of “key tree and liana species” provided in the appendix. Check always with the local
organization whether they have data about the most consumed tree and liana species by bonobo at that site,
and take into account the information from local people about the bonobo diet in the area. With the help of the
coordinator, 15-20 species consumed at your site or at other sites will be selected for the phenology survey.

Ten individuals of each 15-20 tree and liana species will be included in the phenological study, being sure that
the individuals that you choose are as well-distributed as possible across your grid system. If the vegetation
plots did not provide enough individuals to reach 10 individuals of certain species, new individuals outside of
the plots will be searched for and added to reach 10 individuals. It may be especially necessary to search out
larger tree species, which tend to occur at lower densities. The different individuals from each species should
be evenly spread across the grid (i.e. territory or home range and are not clumped in a single grid cell), and
should have a DBH ≥ 10 cm (circumference ≥ 31.4cm) and lianas DBH ≥ 2 (circumference ≥ 6.28cm).

The final selection of species and individuals will need to be approved by the coordinator. Communicate via
email, phone, or InReach. If later you find bonobo feeding traces (see section 28) of species that are not part of
your phenology list, they will be included in the phenology and the systematic plant collection. Contact the
coordinator if this happens.

14.2. Phenology details: the first month

Phenology individuals should be measured the first month for their DBH, height (height only for trees, not
relevant for lianas), coordinates, and habitat type. In the field, you will measure the circumference (the DBH
will be calculated from the circumference by us later). To collect these data in the first month, use the
phenology_initial CyberTracker application. If an individual dies during the year, it will need to be replaced by
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another individual if the number per species falls below 10. If you add a replacement, give it a new tree/liana
ID (and do not re-use the old one), and use again the phenology_initial application for the first month of data
of this new individual.

14.3. Phenology scoring: twelve months of data

Each individual included in the phenological study will be monitored monthly over at least 12 contiguous
months to identify their individual productivity for:

Leaves: Flowers: Fruits: Fruits on the ground:
- Young leaves
- Mature leaves
- Dry leaves

- Flower buds
- Mature flowers
- Dry/rotten flowers

- Unripe fruits
- Ripe fruits
- Dry/rotten fruits

- Number of fruits on the
ground

The availability of each of the listed plant parts will be measured from 0% to 100%. The % assigned to each
plant part for each individual should be the estimate as the proportion of the potential maximum capacity
(100% means that the tree or liana is at its maximum capacity). Your field assistants can guide you to know the
maximum capacity of each tree/liana. However, it is often difficult to have a good view of the entirety of the
tree/liana crown, therefore if you cannot see the entire tree you may select three branches and use this as a
representative of the entire tree crown. The sum of the subcategories should never be higher than 100% but
does not need to be 100% if the tree/liana is not at full capacity. See an example in Figure 26:

Unripe fruits: 50%
Ripe fruits: 0%

Dry or rotten fruits: 0%

Unripe fruits: 25%
Ripe fruits: 75%

Dry or rotten fruits: 0%

Unripe fruits: 0%
Ripe fruits: 100%

Dry or rotten fruits: 0%
Figure 26: example of phenology scoring of one individual at three different moments.

In addition to measuring the availability of each plant part in the tree/liana, you will also count the number of
fruits that are on the ground.
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15. Surveying transects: Introduction

Aim: We conduct surveys to get an idea of the rates of occurrence of various categories, e.g., human activity,
animal signs, etc. At every observation/sample collected, including observations during surveys (recces and
transects), coordinates, habitat type, canopy, and soil data, among others, will be recorded.

Just as every sample receives its own ID number, each bonobo nests you see should also receive its own nest
ID. This will help us keep track of each nest you find. Additionally, if you think you have found a nest on
which you have already collected data, you can write this in the comment.

There is a CyberTracker application for each type of survey. Every unique sighting is an entry in an
application; a direct observation of five monkeys would be entered as one single entry in the CyberTracker
program, but if at one point you find multiple nests, every nest gets its own individual entry as data about each
of them is needed (CyberTracker will guide you on the data collection).

15.1. Recces

Recces are conducted to (a) identify locations where a particular species occurs, (b) identify differences in
patterns of use across certain areas. The recce you conduct upon arrival will help you select where to place the
grid (see section ‘10.1.1. Initial recce’), and subsequent recces can be conducted when workload allows, to
better survey the area and help you find some samples, and at each satellite site.

Material Needed:

- GPS and extra batteries
- Data collection phone with 'recce&opportunistic' application (CyberTracker program)
- All team members
- Binoculars (minimum of 2)
- Compass (minimum of 2)

15.2. Line Transects

The purpose is to collect data on mammals' abundance, ants' abundance, and the presence of other animals.

15.2.1.Material Needed:

- GPS and extra batteries
- Data collection phone with 'line_transect' application (CyberTracker program)
- Three or four team members
- 50m measuring tape
- Binoculars (minimum of 2)
- Compass (minimum of 2)
- Topofil and strings (be sure how much you need)

15.2.2.Sampling Scheme

Line transects are straight lines made/cut to cross through the middle of all grid cells in a North/South
direction across the grid (easting xxxx500) as indicated in Figure 27. Line transects will be walked three times
within the year, once every four months (see timeline).
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Figure 27. Grid system with transects t1- t5 (orange lines) that run through the center of the cell.

15.2.3.Assumptions of sampling line transects

Line transects sampling relies on the skills of human observers. As humans differ a lot in their skills, to make
data comparable, four basic assumptions must therefore be met:

1. 100% of the observations on the transects line and very close to it are detected.
2. Animals are detected before they move.
3. Perpendicular distances from the transect line are measured accurately.
4. Observations are independent of one another.

15.2.4.Method

For visibility reasons, it is best to collect data between 7:30 in the morning and 16:30 in the afternoon (use the
time before 7:30 to go to your starting point). When a member of the survey team observes something, the
whole team stops and everybody comes together to record the necessary data about the observation. If there
(out of the line) you see a new observation, note it and add in comments if this second one can be seen from
the transect or not. After data collection, everybody returns to their exact original positions on the line. The
topofil should never leave the line.

When it is raining you cannot walk transects as rain may affect the ability to detect objects. Likewise, if it
starts raining heavily while you are walking a transect you have to stop and continue the next day. When a
transect could not be completed within one day, teams start the day after again at the beginning of the transect,
collecting only direct signs of animals until the exact spot where they stopped the previous day. From that
point until the end of the transect, both direct and indirect observations are collected.

You should record the transect tracklog with the GPS (remember to set up the GPS to save the tracklog every
day). At the start of the transect, attach the topofil to a tree, take a GPS point from the point of departure and
record the position on ‘BonDiv_line transect’ under “transect start” (“topofil_dist_m=0”). Several team
members, including the person at the front of the line, should use the compass to be sure you are walking
straight. Another team member should be monitoring that the line walked is straight and within the given error
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interval using the GPS. Use the reference transect points created with the coordinates generator (and saved on
your GPS) to help you walk on the line.

Walk the transect line at an average speed of 0.5 km/hour and record data until the end of the transect (i.e. end
of the grid, use the reference waypoints created with the coordinates generator to help you know where the end
of the grid is), and note the topofil distance. Only stop surveying when the last observer has reached the end of
the line. Take the GPS position at the end of the transect line, record it on the CyberTracker under “transect
end” and cut the topofil. The setup of your GPS should save the tracklog at the end of the day automatically,
verify that this is working correctly.

If your site is located in a forest with a dense understory do not cut transect lines when also collecting
observations. The transects are the same as those used for the first round of vegetation plots that will be done
before so you should not need to make further cuttings. Cutting transect lines is very noisy and animals will
flee before you even see them.

When a transect is completed all at once, use “transect start” and “transect end”. If you have to stop because
of the time or because it starts raining, call the point where you stop “transect stop” and specify in the
comments why you stopped. The day after you start again at the beginning of the transect, calling that point
“transect extra start” (should be the same point where your marked transects start the day before), but now
you note only direct signs. Once you arrive at the point where you stopped the day before, you mark the point
as “transect resume”, and start collecting all data (direct and indirect) at the normal transect speed (0.5
km/hour). The final point of the transect will be called “transect end”. If you take a break during the transect,
record the time and call it “transect stop” and “transect resume” (noting in the comments why you stopped).

15.2.5.Team formation and role

Line transects will be conducted with a minimum of three members in the following formation (Table 28;
Figure 29): ‘Person 2’ should always be a researcher/fellow, and will be the team leader responsible for
ensuring that ‘Person 1’ is navigating the team well, that data are getting collected, and that the topofil is intact
and everyone is looking for signs of bonobos. There may be more people in the transect team if needed to
record the ants (up to four), but any more than that and you will not be able to remain and move quietly. The
last person in the team must wear the topofil (there must be no one behind) but should arrive at each data point
when data are being collected (so that the distance is recorded accurately to the distance of observation).

Table 28. Positioning, role, and equipment carried by each member
Positioning and Role
Person 1 Uses a compass and GPS to guide the team in a straight line
Person 2 Maximum 10 m behind Person 1, carries a pair of binoculars and records all

observations with CyberTracker
Person 3 Maximum 5 m behind Person 2, carries a topofil and a pair of binoculars.

Should ideally be the best observer in the group.
All Look out for all signs and observations

Figure 29. Positioning of members of the survey team along the line while walking the line transect with three people.
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15.2.6.Using the topofil

The topofil (also known as a hipchain) is an important tool with which one can determine the distance traveled
even without a GPS. In addition, the GPS is not totally accurate and always has some error (about 15 m on
average) associated with every reading. However, care needs to be taken when using the topofil as incorrectly
installing the topofil may yield incorrect information about the distance traveled along the line transect.

To set up the topofil, loop the thread of the topofil through the indicated slot, around the spool three times,
then out the exit hole. Always have the thread wound three three times around the small spool. Be careful with
the thread, it tears easily.

Before each round of transects, test the topofil making sure that the topofil displays the correct distance values
by measuring a length (e.g. 30 m) with the 50m tape measure and walking the same distance with the topofil to
check that the value displayed by the topofil matches the distance walked. Try this three times to measure the
error of the device.

Keep your topofil strings dry, by adding a little sac of silica (made with a piece of tight) to the Ziploc bag
where the strings are stored. If they catch moisture, they will not roll well in the hipchain device.

15.2.7.On the transect

If the thread breaks by accident while walking, walk back to the point where the thread broke and attach again
the thread. If you have been walking for a while without the topofil without noticing that it broke, you need to
go back to your last observation and reset the topofil counter (Figure 30). For instance, when walking a 500m
transect, you realize that your topofil broke at 350m (you see it in the counter), but you don’t know where that
point is. You need to go back to your last observation, at 200m in this case, reset the topofil counter to ‘0’, and
start walking again. In every observation that you find after resetting the counter, you need to add the distance
traveled until the topofil was reset (+200m). If adding the extra meters in the field is confusing, it could be
added while cleaning the master file (by adding the distance traveled until the topofil was reset to all the
“topofil_dist_m” values after a “topofil reset”) to have the real distance from the start of each observations.
Note ‘topofil cut’ when you realize that the topofil broke, and ‘topofil reset’ when you reset it.

Figure 30. Protocol to follow when the topofil breaks.

To avoid delays and complications during the transects, always walk slowly with the topofil in order to not
break the thread before reaching the end of the transect line. Transects are anyways intended to be walked
slowly to ensure complete data collection and that every potential observation can be noted. You can also note
“control points” (take a waypoint and mark it as a “control point” with CyberTracker) if you haven’t
encountered any observation for some time, to avoid walking back very long distances in case the topofil
breaks.
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If the topofil breaks but you notice it immediately, enter this in the data that it has broken “topofil cut”, even if
there has been no loss in distance measured. If you need to reset the topofil counter, enter ‘topofil reset’ and if
you need to replace the topofil roll enter this as “topofil change”.

15.2.8.Measuring perpendicular distances

Perpendicular distances from the transect line to the location of the observation can help us measure densities.
Perpendicular distances are not measured for all observations. Measure perpendicular distances for the
following observations from the transect line to the middle of the observation (Figure 31):

- All bonobo observations (nests, feeding remains, trails, etc.)
- Direct observations of monkeys and other key species at each site (to decide during the initial

workshop)

All other observations are recorded without perpendicular distances, e.g. transects actions, landscape signs,
(including habitat change), human signs, indirect observation of monkeys, direct/indirect observation of other
mammals and other key species.

Perpendicular distances should be measured accurately and precisely with the tape measure. It is important to
always measure at a 90˚ angle to the transect line, i.e., the topofil. Use the 50m tape measure to measure the
distance from the transect line to the detected object. Make sure that you measure horizontally and that the line
does not sag or have extra lengths (it should be direct distance) and that you read the distance to the correct
unit (meters). One team member should stay on the line and hold the tape measure exactly parallel to the
ground where you measure. Use the compass to determine a 90 ˚ angle to the transect line. If you are walking
North, then either East or West would be perpendicular to the line, and you can use your compass to guide
you. Observations close to the transect must be measured and must not be considered as being on the transect
(≠ 0m).

Figure 31. Measuring perpendicular distances (red dashed lines) to the center (indicated by yellow crosses) of individual observations
(indicated by the green circle).
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Figure 32. Using the compass and the topofil to measure the perpendicular distance to a detected object.

15.2.9.Obstacles on the line

When you encounter an obstacle on the transect line that cannot be traversed (stream, big tree, etc.), you will
need to navigate around it (Figure 33). When you arrive at the obstacle, cut the topofil and walk around the
obstacle until you are able to return to the transect line. To do this, walk exactly 90 ˚ or 270 ˚ from the
direction you were traveling. When you have gone beyond the obstacle, measure the distance that you have
deviated from the transect. Then turn again and proceed along your original compass bearing. When it is
possible, turn 90 ˚ or 270 ˚ again and walk the same distance that you deviated back to the original line
transect. Then turn one last time back to your original compass bearing to follow your original course. At this
point, you tie the topofil to a tree and start surveying again. Do not collect data while moving around the
obstacle.

The distance that you did not survey due to the obstacle will not count towards the transect length, as your
topofil will not be used and observations will not be recorded. In the cases when obstacles are encountered,
transect lengths will be smaller than planned (planned distance- obstacle size). Take a waypoint at the location
when you cut the topofil “obstacle start”, and when you start surveying again “obstacle end”. Calculate the
distance between the waypoints with your GPS, and note this distance in the comment note of CyberTracker
program. Proceed in the same manner when encountering additional obstacles until you reach the end of the
transect line, i.e., when your GPS indicates that you have reached the end of the line transect.

In the example below, a 500 m long transect will be only 464 m long, because you excluded 36m that you did
not survey due to an obstacle on the line.

Figure 33. Protocol to navigate around obstacles when walking line transects.

When you encounter small obstacles, such as bushes or small trees, you can look into the bush/ tree, etc. to
make sure that you did not miss any nests, walk around it and return back to the line. This kind of obstacle is
not subtracted from the transect length as you were able to determine whether there were nests along the line
transect. Take a waypoint and note an observation called “small obstacle”.

65
BonDiv June 2023



15.2.10.Observations to be noted on Transects

There are four types of data to be collected during the line transects:

- transects actions

In order to relate the observations found with effort made, we need you to note the start and end of each
transect (and extra start, extra end and restart if you can not finish the transect in one day), if you take a break,
change on the direction, obstacles, and topofil cut/change or rest.

- habitat change

Record all changes in habitat type along the transect. Independently of the habitat changes observations, the
habitat type will be recorded at every observation.

- landscape

In addition to animal and habitat changes, it is also helpful to know the locations of particularly interesting
landmarks in the landscape of your grid system. These types of observations include caves, water sources, or
fallen logs which may be good grooming logs for the bonobos (and therefore also good camera trapping
spots). As is the case with all data collection, too much data is much better than too little data, so feel free to
collect data on whatever you find interesting.

- animal signs

Any sign made by any animal (including humans) will be recorded, including (but not limited to):

Table 34: animal signs to record during line transects
sign explanation sign explanation
activity at a salt lick logging
animal carcass mining
animal carcass poached mud on trees
ants nest
anthill noise of a machete
bark extraction by animals noise of a motor
bathing place organic sample
beehive poacher camp
burrow road
cartridge case (dead cartridge) scratch marks
cut made by machete sign of passage
debarking by humans sleeping site
direct observation smoking rack or pit
drumming sound potential tool add in comments all the

details
extraction of non-food ntfp extraction of non-timber forest

products termite
feces termite mound
feeding signs track (footprint)
fishing trail
fruit collection / extraction of
food trap-pitfall
gunshot trap-snare
honey extraction vocalization
human centre villages, crops, etc. add in

comment which kind waste
human voice wine extraction
latex extraction other other signs
Collect information on ALL bonobo signs (nests, feces, trails, feeding sign, etc.). All bonobo signs need a
perpendicular distance from the line transect.
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For each nest, apart from the information to be collected at each observation, you will additionally need to
note:

- nest_group, nest_id (to differentiate them in case of having more than one nest per location),
- nest_age (1-4, see appendix),
- distance_from_trunk_cm,
- nest_height_cm,
- nest_genus (tree), nest_species (tree),
- circunference_cm (tree) measured at Breast Height (measured at 1.3m height),
- sample_id and photo_id if you collect hair from the nest (see section 21 “hair samples” for more

details)

If you see a bonobo directly, you should note the number of individuals seen, and any other information you
can add (e.g. age and sex of individuals, activity, on which tree species they were…)

Record also all direct observation of monkey species. You will also need to record the perpendicular distance
to the individuals or groups. Measure the perpendicular distance to the location where you first saw the
individual. If it was a group of monkeys, estimate the center point of the group. Count the number of
individuals that you saw in the group. If you cannot count the animals, note the minimum number of
individuals that you saw and note in your comments for the observation that there were more individuals than
detected.

Record also all indirect observations of monkeys along the line transect in order to confirm the presence of a
species. Perpendicular distance is NOT required.

Record direct and indirect observations of non-primate species along the transect to identify biodiversity.
Perpendicular distance is NOT required.

- Ants on return from transects

Evaluating the density of army ants along the transect whilst looking out for other observations is extremely
difficult as the army ant nests and trails are below the surface of the soil. To allow an accurate evaluation,
focus needs to be made only on the ground to find these trails and nests, and hence should be done when
returning to camp from the end of your transect, or having one person exclusively focused on this during the
transect. Walk back to camp along the transects whilst scratching the ground surface with a stick and record all
ant nests and trails, and collect ant samples (min 20 samples from different habitats, spread out through the
grid area, but all the ants will be noted. See more about ant collection in section 29.1). If you do it while
walking back the transect, use the opportunity to collect all the topofil possible to minimize the impact in the
area (although the topofil is biodegradable cotton, it may take a while to completely decompose). Army ants
will be noted and collected during the three rounds of line transects. When you stop to collect ant samples
during the line transect, mark it as a “transect stop”

15.2.11.Data to be collected at each observation

Conducting data on line transects is very information-heavy. You will need to collect a large amount of data at
each observation. CyberTracker will guide you through the data collection. When you are walking on the
transects and spot a sign, stop walking, take a waypoint, and then start collecting the data with CyberTracker
on the data collection phone.
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15.3. Strip Transects

The strip transects, that are two meters wide with one meter on each side of the line transect, is applied to
determine the density of objects that occur at high frequencies. The density of termite mounds and availability
of potential tool material is determined along strip transects once. Termite soil samples and termite samples
will be collected during the strip transects.

Material Needed:
- GPS and extra batteries
- Data collection phone with 'strip_transects' application (CyberTracker program)
- Four team members
- 50m measuring tape
- compass (min 2)
- Gloves
- Marker (minimum two)
- Scale (0-35kg)
- Scale 2500g

For termites collection:
- 15 ml/50ml tube with 80% ethanol
- 15 ml tube empty
- Tweezers
- Pencil and piece of paper

For termite soil:
- 1 sterile wooden spatula
- 15 ml tubes
- Silica (can be added in camp)

15.3.1. Tool material availability

All material such as stones, branches, and roots that could POTENTIALLY be used as hammers or anvils will
be recorded. Record the number of the following categories of potential tool material:

● Rocks: weight 100g to 8.9kg
● Rocks: weight of 9kg to 20kg
● Rocks: more than 20kg
● Emergent rocks: stuck in the ground that cannot be lifted
● Roots (defined as emergent roots, ie: the tree it belongs to is unclear)
● Bases of trees trunks (includes the buttress)
● Branches: record the branches on the ground that:

○ Past the hardness test: doesn’t break when you step on it or when you hit it twice on a tree trunk
○ Length: min. 15 cm- max. 300 cm
○ Diameter: min. 3 cm- max. 15 cm
○ Measure the length, width, and weight, look for marks of use, and take pictures
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15.3.2. Termites and termite soil

All termite mounds within a width of one meter on each side of the transect line (i.e., total width of 2m) will
be recorded along the strip transect.

Termite samples will be collected from the termite mounds you find during the strip transects (see more about
termite samples in section 29.2). In the same section, you will see some pictures that may help you identify
termites, but identifications will be confirmed by an expert later. A minimum of 20 termite samples from
different termite mounds types and different habitats will be collected and spread out through the grid area.

Termite soil samples will be collected from the same termite mounds that you collected termites from (see
more about termite soil in section 23.1). A minimum of 20 termite soil from different termite mounds types
and different habitats will be collected, and spread out through the grid area (if possible only once per grid).

Termite samples and termite soil samples will be collected from the same mounds.

69
BonDiv June 2023



16. Camera Traps

Aim: We capture video footage of bonobos (and other wildlife) to calculate abundance, density, and
demographic structure, and to capture potential cultural behaviors.

Material Needed:
- GPS and extra batteries
- data collection phone with 'camtrap' application (CyberTracker program)
- markers (minimum two)
- camera traps, batteries, SD card, strap
- compass (minimum two)
- 50 m measuring tape
- distance marker labels
- rope with marks every meter (1-15m)
- Wood Carving Tool Sets: auger drill 20x1cm, auger drill 20x2.2cm and Beaver Craft

A minimum of 50 camera traps should be installed for a full annual cycle in each site. These camera traps will
be placed according to two sampling schemes, Systematic: 15 cameras will be used for the systematic
sampling; and Targeted: 35 cameras for targeted sampling with a minimum of one camera per cell. Honey
stations and satellite sites will be surveyed with targeted cameras. Within the targeted sampling scheme,
camera traps should be a mixture of paired and solo cameras, leaving always a minimum of one solo targeted
sampling camera per gridcell (if 25km2 grid, 25 cameras). If all your cameras are functional, you could use 10
cameras for the satellite site.

Before you install the cameras, you need to give them an ID (SiteCode_+‘cam’+number: ‘loa_cam01 -
loa_cam50’) as well as mark the SD cards with their ID (SiteCode_+‘sd’+number: ‘loa_sd01 - loa_sd100’). In
the master file there is a tab (^electronic_equipment) to enter the information about your electronic devices,
there you need to enter your camera traps information, including IDs, model and a serial number of each
camera. Enter also your SD cards to be sure how many you have and to keep a track of the broken ones. If one
camera breaks, you should enter the information about when it was broken also in that tab, and if you receive a
camera replacement, you will use a new code, for example, “loa_cam51” rather than re-use an old one.

You should keep a calendar of when each camera was last checked, so you know when you should be checking
on each camera and to ensure that a camera does not go unchecked for too long. It may be a good idea to carry
an extra SD card and set of batteries on you at all times so that if you are nearby to a camera trap, you can
easily go and check on it, and replace the batteries and SD card. Be sure if you do carry these items with you
that you keep them in a dry bag at all times so they are not damaged. Is a good idea to reserve a couple of days
per month to maintain all the cameras, this way is easy to keep track of them.

If you happen to have new and used cameras/SD cards/batteries, you should give preference to new items
when given the option. Old and new items should be evenly spread out across survey types (systematic,
targeted – paired, targeted – solo), meaning that old cameras should not ONLY be used for systematic
locations and not ONLY for targeted locations, as well as not only in solo camera settings.

If you have noticed that a camera or SD card is damaged or is not working in some way (regardless of if you
are in the field or in camp), please take notes in the “^electronic_equipment” tab of your master file. This
information will help us to keep track of camera and SD card durability, and more importantly, to understand
potential problems with capture rates later, if they occur with these devices.

If you need to remove a camera because it is not working properly, put the camera in silica for one week to
eliminate the moisture.
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16.1. Systematic Camera Trap Sampling

With systematic camera trap sampling, the goal is to estimate bonobo (and other animals') densities. To do so,
we need to set up a system of cameras that are placed in a regular (systematic) manner, independently of
known areas that the bonobos or other animals use. The goal of this sampling method is not to maximize the
number of videos captured of bonobos and other animals, but to use the camera traps as a device to help us
count animals within the area.

The location of each camera trap will be uniform within the grid cells, and will change every two months (see
Table 35). A total of 15 solo cameras should be placed at a time for systematic camera trap sampling, meaning
that every two months, the location of a camera trap will switch from one set of 15 grid cells to the same
location in the second set of grid cells (Figure 36). The bearing of the systematic cameras will be north.If north
makes no sense because it points to a close obstacle (dense bushes, etc), the bearing will be south. If south is in
this case also problematic, move the location of the camera to the nearest suitable location with north as
bearing.

Table 35. Grid cell coordinates for systematic camera trap sampling over one annual cycle.

Period Grid
Column X Y

1 (1 - 2 mo) 1,3,5 XXX500 XXXX500
2 (2 - 4 mo) 2,4 XXX500 XXXX500
3 (4 - 6 mo) 1,3,5 XXX000 XXXX500
4 (6 - 8 mo) 2,4 XXX000 XXXX500
5 (8 - 10 mo) 1,3,5 XXX500 XXXX000
6 (10 - 12 mo) 2,4 XXX500 XXXX000

Figure 36. Schematic depiction of systematic camera trap locations in alternating grid cells, corresponding to locations listed in the
previous table. Numbers indicate the periods, and symbols the cameraID.
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During the first round of vegetation plots, install the systematic cameras of period 1. Depending on the final
grid size there may be periods when you won’t need 15 cameras for the systematic sampling. Those cameras
will be placed as targeted sampling. All functional cameras will be installed and recording in the field.

16.2. Targeted Camera Trap Sampling

The goal of the Targeted camera trap sampling is to maximize the number of bonobo and other animal videos
we can capture. This means that locations for each camera trap should be carefully selected, and should use
clues from bonobo behavior to help you find good locations. This means you can use a variety of different
types of information to help inform you:

- advice from local people
- examples of bonobo patterns of space use from other sites (e.g., mushroom hunting sites,

potential grooming logs)
- signs found in the field

Targeted cameras need to be placed in each of the grid cells in your study, meaning you should have a
minimum of 25 targeted camera trap locations at any given moment (in a 25km2 grid). Within each of your
grid cells, one camera is placed at a location that is frequently used by bonobos for increasing the chances of
filming them. Cameras may be moved during the course of the study within their respective cell.

Camera trap studies at different sites have revealed bonobo visitation rates of about 1 event per camera and
month. Thus 35 cameras at a bonobo study site should provide about 35 bonobo videos per month if these
rates are similar. However, only a small % of footage is usable when it comes to the identification of
individuals. Certain analytical methods for estimating chimpanzee density require a minimum of 50-80 good
videos. Consequently, great care must be taken to ensure that camera traps are set up as soon as possible and
that good locations are selected to ensure a large enough sample size of bonobo videos at the end of the study.

You should also consider that a lack of videos on a camera does not mean it is in a poor location. Bonobos use
their home ranges seasonally, and some areas of their home range will not be heavily utilized during some
months but will be utilized heavily during others. You will need to find a balance between switching cameras
to a new location when you do not have many videos in a certain period, and waiting to change them (check
with the coordinator). You should use the fruiting patterns of nearby trees to help predict the likelihood that the
bonobos will be visiting a certain area, but most importantly the advice of your field assistants to help guide
you to find the best locations.

Install the targeted cameras during the first round of vegetation plots according to what you found during recce
(always at least one camera per grid cell) and signs and locations found during the vegetation plots.

16.2.1. Solo vs. Paired Cameras

Within targeted camera trap sampling, you will also be able to choose if you would like to place one or two
cameras in a single location (having always a minimum of one targeted camera per cell). It is a good idea if
you have a location that is frequently used by bonobos, or has good visibility to place two cameras in this
location to help maximize the area coverage and with it the number of individuals captured by the cameras.
Paired cameras are best placed in areas with good visibility, where you are likely to be able to record several
individuals at a time (and ideally, where a second viewpoint can help you see even more individuals than just a
single camera).
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In general, paired camera traps should be placed in a way that each camera offers a different view of the same
area. There is no single rule for best distances and angles between these paired cameras, therefore change both
distance and angle between cameras so that you can test out how these two variables affect the ability to record
good videos and determine the overlap between videos taken by the two cameras.

As for considerations of installing and maintaining paired cameras, you should take care not to waste batteries
or SD card space on one camera while you are installing or checking on its partner. Make sure that you turn off
the paired camera while you are maintaining the other camera, and once you leave a location, ensure that the
last thing you do is to turn them both on at approximately the same time.

16.2.2. Identifying suitable camera spots for targeted sampling

If cameras were placed randomly within a cell, we would only rarely get pictures or footage of bonobos and
other species because most species do not use their habitat randomly. Instead, bonobos have favorite feeding
spots they visit regularly, and travel paths they use to move from one place to another. We, therefore, wish to
locate these travel routes or feeding spots, by intensively searching in each grid cell in order to ensure we
place our cameras in areas that can ensure a maximum recording rate of bonobos by the cameras. Camera
spots should be open enough to ensure that individuals can be filmed clearly without being blocked by, for
example, the forest understory. In each cell, one or several of these potential camera spots should be located
for the placement of cameras. In locations with long-term use by animals, cameras may remain for a long time
(e.g., regularly used travel paths or bridges), but for locations with only seasonal use (e.g., fruit trees), cameras
may best be moved to other locations after they no longer capture bonobos as long as they remain within the
same cell. The following locations should be considered for the placement of camera traps.

- Trail routes:
Well-trodden paths with feeding signs, feces, or tracks are good indicators of a promising camera location.
However, be aware that certain animals use different paths seasonally. Therefore, if a well-trodden path is not
available in a particular grid cell, cameras can still be installed as activity on the path can change over the
duration of the camera study. Travel routes that have intersections are always a good choice for camera
locations. The camera should be placed either at the start of the intersection or up to 10 m away from it. As
bonobos are somewhat camera shy compared to chimpanzees (see Kalan et al. 2019), you should also consider
not placing the camera directly next to a path, but near to it with a clear view of the travel direction.

- Large fruit trees
Large fruit trees tend to be hotspots for bonobo activity and larger individuals which are rarer in abundance
should be located to increase the chance of filming individuals. Cameras should be placed at fruiting trees just
before the fruits turn ripe and removed when there are no more branches visible that contain ripe fruit. In
addition, bonobos can have preferred fruiting trees, so it is important to determine the location of more than
one tree per species within a grid cell if possible. It is therefore always better to know more than one
individual tree of each species so that if the visitation rate of the tree proved to be low, you can move the
camera quickly to a preferred tree. The best species of fruiting tree to place a camera nearby are species that
are loved by bonobos but rare in the area. Placing cameras near the few fruiting trees available will help you
maximize your number of bonobo videos. You should ask field assistants if they are aware of a rare food
species about to come into season. Beware that in order to achieve successful camera placement, it is
extremely important to assess how the apes will access the fruiting tree, i.e. which tree(s) they use to climb to
reach the trunk or branches of the large fruit tree. This, however, requires some good feeling about how
bonobos climb trees and you need to be careful here. Be aware that some trees will have more than one access
point and others will have an access point located up to 20 m away from the tree itself. These camera locations
should be monitored more frequently during the start of fruiting in order to determine whether or not the
camera is facing the correct access point.
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- Natural bridges
Bonobos, like chimpanzees, also have preferred bridges (fallen trees and branches) over water sources in the
forest such as swamps and rivers. Good indications of a well-used bridge include a smooth surface with either
end of the bridge free from obstructions (e.g. the understory). Locations where there are more than one bridge
should not be selected as this might allow the bonobos to avoid the camera by using an alternative crossing.
Bridges can be located over temporary or permanent water sources (e.g., large rivers or permanently inundated
swamps) that will not dry up throughout the dry season.

Natural bridges are an ideal location for placing paired cameras facing each other at either end of the bridge in
order to identify individuals. On paths, bonobos can cross perpendicular to the camera, however, at natural
bridges the apes are obliged to walk the entire length of the bridge (providing there is a permanent water
source below it) and therefore pass both of the cameras, increasing the chance of a clear facial image.

- Mushroom digging or other specialized food locations
Bonobos in some populations regularly consume subterranean mushrooms, typically located along riverine
habitats. Places are normally recognizable by removed soil, as these mushrooms grow underground. It is
possible that the manner of mushroom consumption is cultural, therefore we would like to maximize the
number of videos we can capture of bonobos consuming mushrooms. Mushroom digging locations should be
preferentially paired camera locations. Mushroom samples should be collected from these locations, adding a
note that says that they are consumed by bonobos.

- Grooming logs
Grooming in bonobos is likewise a potentially cultural behavior as well. Bonobos, like chimpanzees, groom
often. They typically do so either in the canopy (which is hard to film with a camera trap) or on fallen logs
which create open clearings within the forest. These fallen logs are ideal locations for placing a camera trap, as
they should offer a good view of the bonobos. These locations are also preferential locations for paired camera
traps.

- Lily pads (Nymphaeaceae)
It is known that bonobos consumed lily pads at certain sites, therefore this can be also a good location to place
some targeted cameras.

16.3. Honey stations

In order to identify potential extractive tool use in a given bonobo population and to increase the chances of
social interactions between individuals in front of camera traps, we will set up 5 ‘honey stations’ that will be
monitored with targeted camera traps during the whole year. Honey stations should be presented at sites with
high bonobo activity (likely not the same places the whole year).

The ‘honey stations’ consist of a heavy tree log (found nearby) with the following three modifications (see
Figure 37a):

- a hole 1cm diameter drilled into the log (10cm deep)
- a hole 2.2cm diameter drilled into the log (10cm deep)
- a well 10 cm diameter carved into the log with open honey presentation.

The minimum distance between the modifications should be 50 cm and the 2.2cm hole should be in the
middle. Honey will be filled in all three wood modifications and will be filled up every two weeks. An initial
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amount of 10kg honey (from Kinshasa) seems sufficient to stack the logs for a long time. Else honey can also
be purchased locally.

Figure 37a. Example of the honey station.

The honey stations will be placed at bonobo hotspots, and they can be installed on an inclined tree or branch to
make it look more natural (Figure 38) The bonobo sightings found on the ground or in other camera traps will
be used to place the ‘honey stations’ at sites with the highest bonobo meeting probability. After bonobos have
interacted with a honey station more than six times, the honey station can be removed. Inform the coordinator
before removing them.

Figure 38. Example of the honey station.
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16.4. Camera Trap

Parts of the Bushnell camera trap-model 119949 (Figure 39)

Figure 39. Parts of the camera trap.

16.4.1. Buttons and Functions overview

Power Off
• “Safe” mode when replacing the SD card or batteries.
• When transporting the camera.
• When connecting the camera to a computer’s USB port to download your photos/ videos.
• When storing the camera. NOTE: Remove batteries before storing for a long time. In OFF mode, your
camera still consumes power at a very low level unless the batteries are removed.

Power On
• When you are ready for the camera to begin taking photos or video. NOTE: After you switch the power ON,
the motion indicator LED will blink red for about 10 seconds. This allows time to close the front cover, lock
the latch, and leave the monitored area. The camera will take photos or videos automatically according to its
current settings when the PIR sensors detect motion.
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Menu
• Press once to activate MENU options on view screen, press again to go back to the home screen.
• Allows you to change your specific settings for date & time, photos and videos (see section 16.4.2. Camera
trap settings).
• Right & Left Arrow: to go forward in the menu setting options, press left arrow to go backward.
• Up & Down Arrow: to choose a specific setting in the menu option you are currently viewing.
• Ok Button: Press the OK button to save the setting you select in the Menu.

To install the camera
1. Make sure the camera power switch is in the OFF position.
2. Load the six AA rechargeable batteries by pressing the release button.
3. Make sure the write-protect switch on the side of the SD card is “OFF” (not in the “Lock” position.) Insert

card (up to 512GB max). Do not insert or remove an SD card with the power switch in the ON position. A
“click” sound indicates the card is installed properly.

4. Switch the power ON.
5. Set the date and time.
6. Mount the camera using the tree strap

16.4.2. Camera trap setting
Table 40. camera trap setup.
Parameter Settings Description

Time and Date 14:45/ 2022-10-19 Adjust to correct date and time (make sure your watch, data collection
phone and GPS all are set to identical times so that the camera traps also
have the same time setting)

Pre-sets - only affects still photos
Mode Video Selects the format your camera will record in
Image Size - only affects still photos
Capture Number - only affects still photos
Image Format - only affects still photos
Illumination Mode long range Selects the shutter speed. Note: These settings only affect the quality of

your nighttime images
Camera Name loa_cam50 enter the camera_id
Video Size 1920x1080 Selects video resolution
Video Length 60s Sets length per video clip. 10 seconds is the recommended default. Press

OK to see other options. Nighttime limit of 15 seconds when Illumination
Mode = “Long Range”.

Delay 1s Selects the length of time that the camera will “wait” until it responds to
any additional triggers from the PIR.

Sensor Level high If you experience a very high false trigger rate (no animals) when
downloading the data communicate with the coordinator (to decide if
change to ‘normal’)

Camera Mode 24hrs Allows you to limit operation to day or night period if desired.
Format skip will format the SD card
Time Stamp ON
Field Scan OFF If on, camera will take a photo (or record a video clip) automatically at

your choice of intervals without requiring a trigger from an active animal.
Coordinate to Input OFF It only allows longitude-latitude format, we use UTM.
Default Set skip will restore all the parameters to default settings
Firmware Version skip
Always check the instruction manual of your camera, and check that your settings are still correct after
changing batteries. There is also a TROUBLESHOOTING TIPS section in the manual.
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16.4.3. Camera activities
We can simplify the activities surrounding camera trapping to three activities: installation, maintenance, and
removal. These activities will be what you will record with the ‘camptrap_activity’ CyberTracker program
when you are interacting with a camera trap in the field. There will be more information about the videos to be
noted later in the camp.

a) Installation

‘Installation’ is when you install a camera trap for the first time in a particular location or keep a camera in the
same location but change its bearing (and therefore change the area of view by the camera), or when you place
a new camera in a location where previously there was another camera. Detection distance videos (see below)
will record every time you do an installation.

The settings on the Bushnell camera trap will be changed on the camera itself. For further details than is
provided here, please read the instructions manual of the camera carefully. It is very important that you have
collected all the minimum necessary information about the camera during installation, that the camera has the
appropriate settings, and that you have filmed the detection distance videos. It is very important for us to know
the camera trap location (coordinates, habitat, and location type), and the duration of time a camera trap was in
a single location. Without this information, we cannot use the data from this camera trap and your efforts will
be wasted – it is not enough simply to have the videos, we must have the corresponding information to analyze
the videos. Ensure when you are installing a camera trap that you keep the camera turned off when you are not
needing the setup mode, and only turn the camera on once you are ready to begin distance sampling videos.
You may additionally wish to carry an extra set of batteries to be used only while doing the setup and
recording the detection distance videos and to switch in new batteries just before turning the camera on. If you
choose to do this, please double-check that all settings are configured correctly, as the switching of batteries
sometimes will change the settings (e.g., from collecting video to photo).

There are some important considerations when installing a camera:

1. Impact of Direction on Camera Triggers
Cameras can get triggered by the sun, especially during the rainy season when there will be much less
cloud cover than in the dry season. In order to reduce the chance of false triggers by the sun and images
that are too bright, targeted cameras should ideally be placed with the sensors facing toward the north or
south rather than to the east or west. At times this might not be possible depending on the location (e.g.
bridge faces east or west). If so the camera maintenance protocol should be modified to include more
frequent checks for those locations that are more susceptible to solar triggers.

2. Height of the Camera
The camera should be mounted tightly onto a tree that has a minimum diameter at a breast height of 5cm
to ensure that it is sturdy enough and will not sway in the wind or be knocked down easily by wildlife.
The camera should be placed ideally at 0.9m height (never more than 1m) measured from the forest floor
to the middle of the camera lens. Make sure that when you measure the height, you are measuring from
the actual height of the ground and not the elevated area immediately around the tree. Height will also
need to be adapted on a slope depending on which side of the slope. In very few cases should height
exceed this acceptable range. If so please remember to mention this the next time you get in contact with
the coordinator.
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3. Angle
Check on the camera trap screen that with the angle you choose the camera covers as much ground area as
possible, at the distance the animals could pass by.

4. Visibility
The area in front of the camera should be free from obstructions (e.g. leaves, branches, tall understory) to
allow clear images of the bonobos (and other wildlife) and to prevent false triggers by foliage and
branches moving in the wind. Once the camera is mounted, any obstructions to the detection zone of the
camera should be removed using secateurs. However, be aware that any modification may draw the
attention of bonobos and other wildlife to avoid the cleared spot. Therefore, any removal of saplings,
herbs, etc. should be as minimal as possible. You may wish to remove large leaves directly in front of the
camera as these are most likely to start false triggers. If leaves and small branches are used to camouflage
the camera (may be recommended in some cases) ensure that they will not fall in front of the camera lens.

5. Distance Sampling
Reference videos showing distance marker labels within the area covered by the CT must be recorded to
estimate animal abundance from camera trap videos. To record reference videos, you will need the
distance labels on paper or on a wooden board, the 50m tape measure and two ropes 15 m long.

Figure 41: Distance labeling of the area covered by the camera

The 50m tape measure that is placed straight on the ground is used to locate the respective distances. A
person holds the distance labels sequentially (e.g. 1m, 2m, 3m,...) in front of the camera and moves each
label slowly up and down and left and right, keeping the radial distance constant to facilitate the
assignment of animal observation distances (Figure 41). Ideally, the tape should be pulled tight and
perfectly horizontal (perpendicular to gravity) even if there is a slope to the ground in front of the camera,
to avoid underestimating distances (because the area is measured and density estimated in only two
dimensions). This might require a team of two people, to hold the tape straight and level.
As it can become very challenging to relate animal locations to reference locations in 2D images, in
particular at larger distances, it also helps to touch and move vegetation, branches, stones, or any feature
at the location, as this facilitates accurate measurements. As the maximum range of the trigger of cameras
is typically limited to 15-17m, there is no need to go far beyond this point.

The width that the camera is able to record depends on the lens field of view angle. With a 50-degree
angle, at a 15m distance from the lens, the width will be 14m. Measure 7 m to each side at a 15m distance
from the camera, and place a rope from each corner to the camera. Mark both ropes at each meter to help
you know where you need to place the label. Hold up the label in the middle point, directly in from of the
camera, and move right and left until the rope, repeat from 1 to 15 meters (Figure 42).
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Figure 42: Distance labeling of the area covered by the camera

Once the camera is placed, and you turn it on, it will blink red for about 10 seconds, which gives time to
close the cover, lock it, and leave the monitored area without getting activated. After that time, perform
the distance sampling test. Distance sampling test will be performed at every installation, or every 2
months if a camera is in the same location for a long period.

b) Maintenance

‘Maintenance’ is when you check on the camera, and/or change the SD card or batteries, and then leave it in
the same place with the same bearing and angle as before.

You will need to find a balance between leaving the cameras unmonitored for too long (risking that the
batteries die, the SD card becomes full, etc.) and checking them too often and reducing the likelihood that
animals will return to the location sooner. Keeping track of how long the batteries are lasting from installation
to maintenance or removal will allow you to estimate the interval that you should be visiting each camera. This
may differ from location to location, and you should not wait until the last minute to visit a camera. You
should also keep track of when you exchange SD cards of how full they are at pick up. If the amount on the
card at the time of maintenance has reached the capacity of the card, you may need to visit the camera trap to
exchange the cards more frequently. If the batteries are dead when you arrive at a camera, you should also plan
to visit the camera more frequently.

At every planned visit you should plan to change both the batteries and the SD card, regardless of if they are
fully used. Doing both at the same time is more efficient and will prolong the time that the camera can go
without being checked again. This way, you can also see sooner if the camera is in an appropriate location and
is filming what you wish (e.g., that it is not pointed too sharply to the ground, etc.). If the camera is a paired
camera, you should replace the batteries and SD cards of both cameras at the same time. The models that we
will use have a screen where you can watch some of the videos you filmed to be sure that angle and height
were correct.
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c) Removal

‘Removal’ is when you remove a camera from a certain location, or when you remove a certain camera to
install another one (because the first one was broken for example), or when you are moving one camera’s
angle (i.e., removing one field of view and replacing it with another).

If after several visits (two minimum) to a targeted camera, you still do not have any bonobo videos (or even
any other wildlife videos), you may wish to consider removing the camera from this location and placing it
elsewhere within the grid cell. Any time you remove a camera, be sure to enter the data into the CyberTracker
program. If you have decided to remove a camera from a location, please list the reasons why you have chosen
to move it in the comments to help interpret the data later. If you are keeping a camera in a location but
changing the angle (and therefore the area of view of the camera), please also note this in the comments.
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16.5. Video Catalog

The video catalog will be entered by hand in the master file, in a tab called “^videos”.

Setting up the camera traps is only part of the job. After you have retrieved SD cards from the cameras, it is
very important that you properly document the videos recorded, and organize these files appropriately.
NEVER delete any of the video clips even if they do not contain any footage of animals, or if you have
recorded something in error. Every clip recorded by a camera trap should remain in the video folders
WITHOUT EXCEPTION. It is equally important that you do not change the video names, but rather, create a
new folder for each SD card that you download, and place the videos from the SD card inside (see section 6.2.
Camera Trap Video Organization to see how to name the camera trap folders)

Once you have downloaded and placed the video files in their corresponding folder, you should fill in the
‘^videos’ tab of the Master File with a line for each video recorded. If you have 3000 videos recorded by the
camera traps, there should be 3000 lines in this file. In general, we want to know simply the name of the video
file, its folder location, which species is contained¸ and how many individuals of these species per video. If
time does not allow to enter all the videos, enter at least the name of each video, folder name, and only the
species and number of individuals of bonobo videos (or other videos to highlight).

In this “^video” tab, it is also required to enter some information about the start and the end of the folder that
will be used to calculate the camera effort (how long each camera was able to record).

The first video of a folder will be called one of the following:
- installation: line to indicate the moment when a camera is installed in a particular location
- maintenance_start: the first line of a new SD (or the same one but downloaded) when the camera has

not been moved to a new location
- start_folder: line to indicate the first video of the folder when there is no installation/maintenance

video or data. This should not happen, but in case of lack of that video or data recorded with
CyberTracker, we need to use the first video present to calculate the camera effort.

The last video of a folder will be called one of the following:
- removal: last line of the folder when the camera is removed from a particular location
- maintenance_end: line to indicate when the SD card is removed, but you leave the camera in the same

location/angle
- end_folder: line to indicate when was the last video of a folder, when batteries run out before changing

them or SD card is full, so the camera stops being able to record before doing the maintenance.

The following name may need to be used in some cases:
- maintenance_video: video of researchers interacting with cameras when there is more than one

installation video. You call the first video "installation/maintenance_start" but the rest of videos should
be called ‘maintenance_video’
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17. Potential tools

Materials needed for collection
- GPS and extra batteries
- Data collection phone with 'recce&opportunistic' application (CyberTracker program), if not found during
transects

As described in “Tool use behavior in three wild bonobo communities at Kokolopori, Samuni et al, 2022” to
date, the tool-use behavioral repertoire of wild bonobos is mainly described in social, comfort, and hygienic
contexts (Furuichi et al., 2015), but they have rarely been observed to rely on tools for extractive foraging
tasks. Limited tool use contexts in bonobos and the rarity with which they rely on tools in foraging contexts
compared to chimpanzees remains one of the greatest puzzles regarding bonobos' behavior (Furuichi et al.,
2015; Koops et al., 2015), especially as both species exhibit similar levels of tool use capacities in captive
settings (Gruber et al., 2010).

Tool use is defined as “the external employment of an unattached environmental object to alter more
efficiently the form, position, or condition of another object, another organism, or the user itself when the user
holds or carries the tool during or just before use and is responsible for the proper and effective orientation of
the tool.” Beck (1980, p.10) To date, 14 different tool-use behaviors have been described in wild bonobos

Table 43. Tool-use behaviors observed in wild bonobos across three populations
Behavior Description Wamba Lomako Kokolopori

Play start Taking object (e.g., leaf, branch, fruit) in hand or mouth while
initiating play and during play

+ + +

Drag branch Dragging a branch on the ground. Typically, as part of a display + + +

Drop twig Dropping small branches or twigs from trees after clipping them
(presumably to solicit mates)

+ – +

Aimed throw Throwing objects, like sticks and fruits, at bonobos and human
observers

+ + +

Leaf-clip mouth Using mouth to clip leaves in a play context – + –
Leaf-clip fingers Using fingers to clip leaves to solicit mates – + –

Leaf mouth Placing a leaf in mouth while swaggering and thrusting to solicit
mates

NA NA (+)

Leaf-umbrella or
rain-hat

Placing detached small branches or twigs over the
head/shoulders/back as covers during heavy rain

+ – +

Leaf cover Detaching and using small branches or twigs as covers while
nesting during heavy rain

+ + +

Fly-whisk Using leafy twigs for swatting sweat bees + + +
Leaf-napkin Using leaves on self to wipe feces/urine + – –
Toothpick Using a small twig to remove debris from teeth after feeding + – –
Stick scratch Using a twig or branch to scratch one's own back + – +
Leaf-sponge Using moss to dip for water accumulated in tree holes – + –

Tool use behavior descriptions and absence/presence of these behaviors for Wamba and Lomako were derived from Furuichi et al.
(2015). Absence/presence of tool use behavior at Kokolopori from Tool use behavior Samuni et al. (2022) (+)the small sample size
warrants caution before this behavior can be included as part of the tool-use behavioral repertoire of the Kokolopori bonobos.

All (potential) tools found should be noted as opportunistic if found during another activity different from the
line transect. Take pictures if possible, and add notes as detailed as possible in the comment section. Call it
“potential tool” if you suspect that bonobos used it but did not see them using it. You will look for tools any
time you are in the forest. Keep your eyes open. The camera traps are a potentially very powerful approach to
uncovering new behavior. LOOK OUT FOR SIGNS OF UNNATURAL MODIFICATIONS IN THE
ENVIRONMENT. If you see one of those, then place a camera to understand what happened.
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18. Organic sample collection

In the following sections you will find detailed explanations about how to collect the planned samples. We aim
to cover a variety of sample types and collection methods, but if you find other samples that are not currently
included in our protocols that may be interesting for future scientific questions, please feel free to take
advantage of the chance and collect the sample. After collection you can then discuss with the coordinator the
new sample – however, don’t miss the opportunity to collect it first! The following information will help you
to decide how to collect samples that are not mentioned in this protocol, but in case of doubt, please bring the
sample to camp and ask the coordinator about how to dry and how to store the sample. As a general comment,
all the samples that are not otherwise preserved (e.g. in ethanol or RNA later) should be properly dried to
avoid that they go moldy. Dry the samples whenever possible with the sun always using the sandwich method
or garden shading to prevent contamination from UV and air (one piece of paper below the sample, one piece
of paper on top) or directly inside paper bags for some plants parts, isolated from possible contaminants and
under supervision, and when there is no sun place them in tubes with silica or envelopes/ paper bags placed
inside a hermetic box or Ziploc bag containing silica. Silica should never touch the sample directly (when
using tubes, place a tissue paper between the sample and the silica, when using envelopes or paper bags, place
them in Ziploc bags with silica on it) and will be replaced in most cases if saturated. Once completely dry,
samples will be stored in dry and locked Zarges boxes, protected from sunlight and rain/humidity. Verify every
week that the silica from samples and Zarges boxes is not saturated. You will find further information about
the specific methods to dry different sample types in the coming sections. Every sample container will be
labeled at least with the sampleID, coordinates, and date.

Some activities are designed to collect organic samples at the same time as other information, and therefore
organic sample data can be collected in specific CyberTracker programs designed for those activities. Samples
found when not performing those activities, will be noted using the 'recce&opportunistic' CyberTracker
application.

18.1. Bonobo samples

Bonobo sample collection is at the heart of this project and may be the most difficult samples to find and
collect. Therefore, these samples are among the highest priority samples to search for and to ensure we meet
our minimum sampling goals for each site. Use days when you don’t have other activities planned to look for
bonobo samples and keep your eyes open to find bonobo samples always. During the course of your stay at
your research or satellite sites, to improve the chances of finding bonobo samples, try to locate the bonobos by
their vocalizations during the day. Bonobos are more likely to vocalize very early in the morning and towards
the evening when coming together as a group to build night nests. It is therefore crucial to remain until about
18:00 in a promising area before returning to camp to maximize the likelihood that you will hear these
vocalizations. If you do hear bonobos during the day, try to follow them from a healthy distance (without being
seen) until they build their night nests (you should prioritize the hiring of local assistants who have experience
tracking animals and botany knowledge). If you are able to track a group of bonobos to their night nests, it will
allow you to return to the area early the next morning and collect feces and urine samples.
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19. Coding system for samples

Because we will be collecting many different types of samples, it is important that we follow very carefully the
assigned sample coding system so that samples do not get confused with one another. Each part of the sample
ID helps us identify the origin of the sample, what kind of sample it is, and which analyses it will be used for.
Please follow this system carefully to avoid confusion. Sample ID will consist of three parts (Figure 44):

- Prefix: Site code - all your sampleIDs will start with the same three-letter site code which is assigned to your
site. For example, samples from ‘Loango’ will all have the prefix “loa”

- Number: a unique identifier assigned on a continuous basis (meaning that each individual sample collection
occurrence will have its own sample number). Great care must be taken not to repeat a sample number, and
you should always keep a close eye on which numbers you have already assigned. You will need to clearly
communicate between the researcher and fellow about which sample numbers are available for assignment to
avoid two samples receiving the same number from different people. One way to avoid sample number
duplication is to assign a number set (e.g., 1-100, 101 – 200) to individual collectors. Sample numbers should
always be four digits to avoid confusion when deciphering your handwriting later (e.g., sample number 10
should be numbered ‘0010’; sample 102 should be numbered ‘0102’). The sample number will be repeated
only when you take material from the same sample for different analyses (in this case the prefix and number
will be the same but the suffix will be different) or when collecting duplicates (in this case the prefix,
number, and suffix will be the same, and a letter will be added at the end to differentiate between tubes)

- Suffix: a three-letter code that indicates the type of samples (and the purpose in case there are multiple).

Figure 44. Sample coding system, including the site code, number, and sample type.

As an example, one morning you collect two different urine samples for hormones and one fecal sample for
genetics, pathogens, isotopes, and diet (Table 45). You should assign three sample numbers, one to each urine
sample and one to the fecal sample, but the fecal samples will have four different suffixes, one for each
analysis:

Table 45: example of sample coding
sample analysis sampleID

urine sample 1 hormones loa1235uri
urine samples 2 hormones loa1236uri

fecal sample 1

genetics loa1237fge
pathogen loa1237fpa
isotopes loa1237fis
diet loa1237fdi

There should never be any repetition of the sampleID, except for duplicates, when you collect material from
the same origin sample for the same analysis but you split it into two containers. This will happen ALWAYS
with the bonobo feces for pathogen samples, water samples for eDNA, the soil samples for eDNA, and in
other cases for example if you are able to collect multiple vials of a urine sample, then you will have two
identical samples id. In this case, you will add an extra letter at the end of the suffix to denote the order in
which you collected each vial of the sample (e.g. loa1234uriA, loa1234uriB). In this case, always enter a
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comment specifying that this sample has a duplicate. In the following table (Table 46) you can see the codes
used for each sample type/analysis.

Table 46: Prefix and suffix codes for all different types of samples
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20. Bonobo - Fecal Samples

Fecal samples are at the base of many of our scientific activities. Feces are non-invasive and easy to collect but
hard to find as they decompose fast in wet environments. Look very well under bonobo nests, and collect all
the feces you find, even if they seem old. Feces can be used to detect a wide range of pathogens (parasites,
bacteria, and viruses), but also for genetic and dietary studies (they will help you select the phenology
trees/lianas). Add in the comments (CyberTracker) if the poop is fresh or not, or any relevant comments, as
anomalies in the feces (diarrhea)

General Fecal Sample Collection

When an ape poops, wait until it moves away from the area (do not try to go too close to them and never less
than 7 m distance to avoid disease transmission), then process the feces directly from the ground. Each fecal
sample can provide different types of information, therefore you will collect pieces from the same sample
(bolus) in different ways for different analyses.

The priority of sample collection for the different analyses is (further details on each type of sample to be
collected can be found in the following sections.):

1. genetics: always collected in a two steps process, ethanol (24hr) + tubes with silica prepared in the lab.
2. pathogen: to be collected duplicated in cryo tubes with RNAlater prepared in the lab.
3. isotopes: take about the same amount as the genetics sample and put it into a 50ml tube with silica.
4. diet: once the previous samples have been collected, you can take the rest for diet analysis. You can put
the rest of the fecal bolus in a bag to then later wash the samples in the river to identify/collect various
dietary information. Identification of the contents of the diet sample should happen as soon as possible after
a sample is collected. Once a sample has been washed of the fecal material and only dietary parts remain,
you can dry these food remains in the sun before putting it onto silica for storage.

The same spatula (or wooden stick) and set of gloves can be used for sampling the same fecal sample. If you
collect a genetic sample from another sample, a new set of gloves should be worn. Because there are many
samples being collected from a single poo, you will have to be very good at labeling each sample and entering
the data immediately.

Once you have collected a sample, place your tubes containing the samples in a separate plastic bag from the
empty tubes. Your dirty gloves should be turned inside out as you take them off, carried in another plastic bag,
and disposed of back in the camp. You should sanitize your hand and devices and all that you may have
touched during sample collection after collecting a sample.

Table 47. Sampling scheme for fecal sample types, including goals, collection, and storage containers.

Analysis Sampling
priority minimum number Collected in … Stored in …

Genetics 1 150 50ml tube with 40ml ethanol pre-made 50ml tubes with silica
gel, at room temperature (RT)

Pathogen 2 150 (duplicated, 300
tubes in total)

pre-made 2ml cryo tube with
1.0ml RNAlater same tube, at RT

Isotope 3 150 50ml tube with silica gel same tube, stored at RT

Diet 4 150 plastic bag
washed, seeds and feeding remain
stored in 50ml or 15ml tube with
silica gel at RT
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20.1. Feces - Genetic Samples

Materials Needed

- GPS and extra batteries
- Data collection phone with 'recce&opportunistic' application (CyberTracker program), if not found during
transects

- Gloves
- Wooden spatula (or sticks found close by) to put the fecal sample into the tube
- 50ml tube with 40 ml denatured ethanol 97% that you need to prepare in camp
- Parafilm
- Laboratory marker (minimum two)
- Ziploc bags
- Pre-made 50ml tube with silica gel (will stay in camp), needed for the second step

Method
Samples for genetic analysis should always be the first sample type collected from an individual sample, as
this sample type can be easily polluted by your own DNA, as well as by general environmental DNA. Because
of this, it is important to take every precaution possible to prevent genetic contamination of the sample when
collecting it, meaning you should be wearing fresh gloves, tubes should be kept separately from other tubes,
and you should avoid touching the sample and the interior of the tubes and caps. Similarly, you should collect
the genetic sample as soon as possible after it is defecated, as DNA is time sensitive to degradation. Ideally,
the best part of the fecal sample to collect is the tip of the poo (the “ice cream tip”), but if this is not possible,
you should aim for a section of the sample that is relatively free of seeds or other food items that increase the
volume of the sample without increasing the DNA material and is ideally not contaminated by any leaves
which may have stuck to the sample.

Preparation of materials before sample collection (in camp):
- Put on a pair of fresh gloves
- Pour approximately 40 ml of ethanol into each of the empty tubes for sample collection.
- Close the tube and cover the lid with a small strip of parafilm.
- Do not prepare many ethanol tubes in advance, as there is a risk of evaporation if stored for too long.
- Put the prepared tubes in a clean sample bag to carry with you while in the forest. It is generally a good

idea to have a few tubes in your bag at all times in case you encounter samples while doing other
activities

Sample collection in the field:
- Put on a pair of fresh gloves
- Collect each feces sample (approx. 5 g/3cm wide – approximately the size of a small walnut or the last

segment of your little finger) into a tube containing ~ 40 ml ethanol. Remove large particles like seeds
before transferring the feces into the tube. It is important not to touch the sample directly with your hands
to avoid contamination but to use a nearby stick or another vegetative item to transfer the feces to the
tube.

- Close the tube well and seal it with parafilm to avoid leaks.
- Label the tube on both the side of the tube and the lid (but remember this tube will be discarded) with the

sample ID (e.g. loa1237feg), coordinates, and date.
- Remove the gloves and sanitize your hands.
- Other information related to the sample (e.g., time of collection, collector name, etc.) should be entered

into CyberTracker right after the sample has been collected, and gloves have been removed.
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It is very rare, but occasionally a tube containing ethanol will leak and cause the writing to wear off itself and
adjacent tubes. It is best to just put a few ethanol-containing tubes together in any single plastic bag to
minimize potential losses of information.

Sample preparation after 24hr:
Samples stay in alcohol overnight to dehydrate the feces. After 24 hours have passed since sample collection,
the sample can be transferred to a pre-made tube containing silica gel and a kimwipe. Ideally, this is done
exactly 24 hours after collection, or the next day after coming back from the forest (never less than 24 hours),
but if you forget, do it as soon as you remember and write a note on the tube AND in a CyberTracker comment
the time since collection and storage on silica.

To transfer the sample to silica gel:
- Put on a fresh pair of gloves
- The fecal sample will either have maintained its shape and structure (fecal bolus) or have dissipated into the

ethanol and have formed a sludge. Carefully pour out as much ethanol as possible in an area away from
camp. The trash pit containing “rests” may be a good idea as the ethanol will help burn the waste:
- If the fecal bolus is intact, it should be simple to pour off all of the ethanol and then transfer the bolus

onto the kimwipe in the pre-made silica tube, close lid.
- If a fecal sludge has formed, let the sludge settle to the bottom of the tube and then decant as much
ethanol from the tube as possible (it is OK to lose some fecal sludge at this step). Then, transfer the
sludge onto the kimwipe in the silica tube and close the lid.

!!! DO NOT REMOVE THE KIMWIPE/TISSUE !!!

- The pre-made tube should be labeled, with the sample ID, coordinates, and date.
- Store at ambient temperature.

Figure 48: Process for sample storage of genetic samples.

Like all the other samples, it will be stored away from moisture and sunlight. The silica of the genetic samples
will NOT be changed, even if it turns white!
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20.2. Feces - Pathogen Samples

Materials Needed
- GPS and extra batteries
- Data collection phone with 'recce&opportunistic' application (CyberTracker program), if not found during
transects

- Gloves
- Wooden spatula (or sticks found close by) to put the fecal sample into the tube
- 2 x 2ml cryotube with 1.0ml RNAlater (pre-made). Two duplicates will be collected
- box to store 2ml cryotubes
- Ziploc bags
- Marker (minimum two)

Method
Once you have collected the genetics sample, you can collect the pathogen samples. This should be done with
the same amount of care not to contaminate the sample as with the genetics sample (e.g., gloves should be
clean, you should not touch the inside of the tube, etc.). Using the same spatula/stick you used for the genetics
sample, spoon a small amount of feces (about the size of a pea or small bean) into the 2ml cryotube containing
RNAlater (to fill the tube up to 1.5 ml mark). Do not collect more than this small amount, or else there will not
be a sufficient amount of RNAlater for the feces. Repeat the procedure a second time to collect a duplicate
sample of the same feces.

Close the tube and shake vigorously for 20 seconds horizontally. Label the tube with the sampleID (e.g.
loa0301fpa), coordinates, and date. When you return to camp, store the sample in a cool, dark place (locked
Zarges box). If possible, samples should be transported to Kinshasa to be stored in a freezer as soon as
possible. If the possibility arises, please contact the coordinator to organize sample transport.

20.3. Feces - Isotopes

Materials Needed
- GPS and extra batteries
- Data collection phone with 'recce&opportunistic' application (CyberTracker program), if not found during
transects

- Gloves
- Wooden spatula (or sticks found close by) to put the fecal sample into the tube
- 50ml tube, 25ml silica gel, and kimwipe tissue.
- Ziploc bags
- Marker (minimum two)

Method:
Once you have collected fecal material for the genetic and pathogen analysis, you can use the same spatula to
put approximately the same amount of fecal material (small walnut) as you used for the genetics sample in a
50ml tube. Add on top of the sample a kimwipe tissue (to avoid the sample touching the silica) and 25ml silica
approximately on top of the kimwipe. As it was for the other samples, you should aim for the soft material of
the feces, and avoid any contaminants or seeds within the sample. Label the tube with the sampleID,
coordinates, and date. These samples will always be dried in the tube with silica. Replace the silica when
saturated until completely dry.
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Important: silica used to dry bonobo fecal samples for isotopes should not be re-used. If you need to
change the silica, please put the fecal silica gel into a separate labeled bag once it has been used. This
will ensure that the gel is not reheated with the rest of the project's silica gel.
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20.4. Feces - Diet

Materials Needed
- GPS and extra batteries
- Data collection phone with 'recce&opportunistic' application (CyberTracker program), if not found during
transects

- Gloves
- Plastic bag or alufoil to transport the sample
- Fecal washing sieve (1mm wire mesh)
- 50ml/15ml tubes, 25ml silica gel and kimwipe
- Ziploc bags
- Marker (minimum two)

Method
Feces can be used as indicators of what an individual has eaten earlier in the day or the day before, as not all
pieces of food are digested within the gut. Therefore, each fecal sample can be ‘washed’ to remove the soft
digested portion of the fecal material, and to leave you with only the undigested plant material and seeds. Once
you have returned from the field and have sampled all other types of samples needed from the fecal material,
you can ‘wash’ the feces to obtain the identifiable material. To wash a sample, please wash the samples
DOWNSTREAM from camp or anywhere where you are interacting/collecting water. Washing the
sample does not need to be done immediately after sampling, but should not occur longer than 36 hours after
collection to avoid further degradation of the bits of food. If you do not wash a sample immediately after
collection, store it away from all foot traffic outside of camp where it will not be a biohazard.

To wash and store a fecal sample for dietary analysis:
- Tip the bag containing the sample slightly into the river so that some water can enter. Use this water to help

loosen fecal material from the walls of the plastic bag.
- Carefully empty the bag into the sieve, ensuring that the sieve catches everything in the bag.
- Repeat step one and massage the sides of the bag to wash well the bag of fecal material. Empty the bag again

into the sieve. Repeat this step until the bag is entirely clean of fecal material.
- Once the bag has been emptied, place the bottom of the sieve into the flow of the water, while ensuring that

the lip of the sieve does not dip below the water and wash away the sample. You can use the current of the
stream to help you wash the material in the sieve.

- Using a gloved hand, gently massage the fecal material to wash away any remaining feces left in the sieve.
You should do this gently to ensure that you do not push or damage the undigested food material through the
sieve, as this is what we aim to keep for identification.

- Once the fecal material has washed away and you are only left with the undigested material (like seeds,
pieces of insects, fiber, and little bones…), put all the material back in the bag.

- Seek help from the other researcher/fellow and field assistants for identification of the remaining material
and enter this data into the ‘diet’ paper templates (and at least once a week should be entered in the master
file). If seeds or other food particles cannot be identified, enter unidentified codes “unk01, unk02, etc”, and
use this code the next time you find this particular seed. Use consecutive numbers for the next seed that
cannot be identified.

- Set the samples aside to dry some in the sun (using the sandwich method or garden shading), away from foot
traffic. Ensure that these samples will not be touched by anybody in camp (they should still be considered a
biohazard!) while they are drying.

- Once the samples are moderately dry, you can place the undigested material for each sample in a 50ml or
15ml tube, add a kimwipe to separate the sample from the silica, and add approximately 25ml of fresh silica
gel on top (this way the silica could be easily replaced if it turns white). Store the sample in a visible place
where you can monitor it until you can ensure that the gel will not turn white, and store it for long term.
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21. Bonobo - Urine

Urine samples can inform us as to the physiological state of an individual, and are non-invasive and easily
collected.

Materials Needed
- GPS and extra batteries
- Data collection phone with 'recce&opportunistic' application (CyberTracker program), if not found during
transects

- Gloves
- 50ml tube containing clean disposable micro-pipettes
- Filter papers
- Envelopes
- Ziploc bag
- Silica (in camp)
- Marker (minimum two)

Method
Similarly to fecal samples, we will attempt to collect urine samples soon after they are excreted by the
bonobos. The urine can be aspirated with disposable micro-pipettes from the leaf litter or ground after it is
excreted, and will be placed onto filter paper to dry and then be stored. You should note in the comments of the
CyberTracker from which surface (leaves, ground, etc.) a urine sample was collected. Special care should be
taken that all urine collected has not been contaminated with feces and that you are not aspirating dirt or water
along with the urine sample. If you are even slightly uncertain that your urine sample may also contain some
water or have mixed with feces, please be sure to note this in the comments for the sample. If the urine sample
has changed color when you return to the camp, please note this as well.

Using the graduated disposable micro-pipette, aspirate up to 500μl / 0.5ml evenly and slowly onto the filter
paper, ensuring that all the urine arrives on the filter paper and that it does not touch your gloves or drip
elsewhere. If you do not have 0.5ml of urine to put onto the filter paper, make a note of how much urine is
added to the filter paper. Aim for the center of the filter paper and pipette the liquid slowly so that none is lost
in the process. It is important that you know how much urine is placed onto the filter paper, and that not more
than 0.5ml of urine is put onto a single filter paper. If you collected more than 0,5ml, transfer the rest into a
second filter paper, and label the paper envelope with the same sampleID, adding at the end a “B” and writing
down that it is a duplicate of the previous sample, whose samples ID would end with an “A” (see coding
system section 19, duplicates).

Allow the urine to air dry before placing it in a paper envelope for your return to camp. Be sure that you label
the paper envelope with the sampleID, date, and coordinates. In camp, allow the urine to dry, away from direct
sunlight, and when dry, place the paper envelope in a Ziploc bag containing a bit of silica. Change the silica of
the bag containing the urine filters when needed (silica will never be in direct contact with the filter papers).
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Figure 49:Storage process of urine.
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22. Bonobo - Hair

Hair can be collected non-invasively, and is a reliable informant of the last 6 months or so of an individual’s
eating habits.

Materials Needed
- GPS and extra batteries
- Data collection phone with 'recce&opportunistic' application (CyberTracker program), if not found during
transects

- Gloves
- Pergamin envelope
- Ziploc bag
- Silica
- Marker (minimum two)

Sampling Scheme
You should collect hair from nests whenever you are able to reach a nest safely.

Method
When you arrive at the nest, there are multiple ways of collecting hair from it. The best and most preferable
way is to climb up to the nest and collect hairs directly and put them in a pergamin envelope. A head torch
while you search for hairs can sometimes help with hair discovery. Hair collection takes time! You should
begin by carefully and very slowly examining the top of the nest for hairs. Once you are sure that you have
collected all of the hairs possible from the top of the nest, you may start to turn over leaves in the nest to look
for hairs that have fallen within the nest. Each nest should take you about 15 minutes of searching, as the more
hairs you can gather per nest, the better. Per sample, you should aim for a minimum of 15 hairs, but should
only stop collecting hairs once you are sure there are no more hairs in the nest to discover. An alternative but
less preferable method of hair collection is to cut a nest down to the ground which is difficult to reach. It is
important if you choose this method that you ensure that any hairs you collect from the cut nest are actually
from that nest and not just hairs that could have been on the ground before you cut the nest. Ideally, you can
cut down a nest onto (or into) a plastic bag, and collect the hairs you find still on the plastic. If you or your
field assistants are not able to climb to a nest, plan a day to return to reachable nests with someone on your
team who is good at climbing to collect from several nests at a time.

Although you should aim for 60 hair samples within the year, you should collect hair at every opportunity you
can. This means when you find a hair in a fecal sample, you should also collect it (but note that it is from a
fecal sample (and its fecal sampleID) in CyberTracker. Additionally, if you find a hair sample elsewhere, you
should also collect it.

It is essential to know from which nest the samples are. Collect the following information: nest_group, nest_id
(to differentiate them in case of having more than one nest per location), nest_age (1-4, see appendix),
distance_from_trunk_cm, nest_height_cm, nest_genus(tree), nest_species (tree), circunference_cm (tree)
measured at Breast Height (measured at 1.3m height), date, coordinates, habitat_type, sample_id and photo_id.

Sample Storage
Hair samples collected should be put in Pergamin envelopes including well-labeled details on the envelope.
Hair samples should be labeled with nest_group, nest_ID, nest age, sampleID, data, and coordinates. Fold over
the edges of the envelope and lightly tape down the edge. Store the closed envelope in a Ziploc bag with some
silica to maintain dryness.
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23. Soil

Different types of soil samples will be collected for different analyses, including termite soil for isotopes, and
ground soil for genetics and functional studies. Termite soil samples will be collected during the strip transects,
and ground samples during the trap surveys.

23.1. Termite Soil Sampling

Materials Needed

- GPS and extra batteries
- Data collection phone with 'strip_transects' application (CyberTracker program)
- Gloves
- 15 ml tubes
- Ziploc bags
- kimwipe tissue (can be added in camp)
- Silica (can be added in camp)
- Marker (minimum two)

During the strip transects you will be collecting data about termite mounds, and a minimum of 20 termite soil
samples will be collected from the termite mounds found. Be sure to collect samples from different termite
mound types and from all the different habitat types present in your grid. Always take a picture of the mound
before you collect the sample, and collect the soil from it by breaking off small pieces of the mound and
placing it in a 15ml tube (collect 10ml of termite soil samples, leaving space for tissue and silica on the top).
Ideally, the sample should be from the newly formed section of the termite mound, but this may not always be
possible. Add the sample ID, date, and coordinates. You should also try to collect termites from each termite
mound that you collect soil from. See more about termite sampling in section 29.2.

Figure 50. An example of Thoracotermes mounds. Photos by Lydia Luncz.

Upon your return to camp, dry the samples in sun using the paper sandwich method or garden shading, and
place it back in the 15ml tube with silica when dry (always put a tissue between the sample and the silica to
avoid the sample being in direct contact with the silica). Replace the silica when/if needed.
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Figure 51: example of how to store soil samples

23.2. Ground Soil Sampling for eDNA

Ground soil for eDNA should be collected from the top layer of soil (aiming at collecting soil from ~2 to 5 cm
below the surface depth).

Soil eDNA sample collection (and leaf swabbing eDNA) will be combined with the trap surveys to make use
of the time that is needed for the blowfly traps. 15 locations spread out through the grid and covering all the
different habitat types present at your site, will be sampled for soil eDNA, blowflies, and leaf swabbing
eDNA, and repeated a total of three times (see when in the timeline).

Once you arrive at the location, install the blowfly trap as described in section 29.5, and prepare to sample the
soil for eDNA. All operations described will need to be performed wearing disposable laboratory rubber
gloves to prevent contamination.

Materials Needed

- GPS and extra batteries
- Data collection phone with 'traps&water&soil' application (CyberTracker program)
- Gloves
- Ziploc bags
- 15 ml tubes containing 7 ml RNA later. Two duplicates will be collected
- Parafilm
- Chemistry spoon (use the small end of the spoon, it fits the tube size)
- Sodium hypochlorite solution (freshly prepared 1% bleach, if bleach concentration is unknown, use 10ml
undiluted bleach and add 20ml water)

- Marker (minimum two)

Collecting the sample

1. When you select the point to be sampled, take the coordinates. This will be your central point. Then locate
the four cardinal points (north, south, east, and west) at 5m distance from the central point. Central point and
cardinal points will be sampled.
2. Using a sterilized metallic tool (knife, spoon, shovel) clear the surface of the soil from rocks, leaves, and
branches (use the 1% bleach solution to sterilize the tool).
3. Using the same metallic tool, start moving soil creating in a small area (large ~five cm and deep ~five cm).
Mix the soil within this small hole.
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4. Take a spoon of this moved soil from this small reworked area, aiming for the layer two to five centimeters
below the surface, and place it in a sterilized bag (by removing the rocks, leaves, and branches, you will
already reach the two cm deep).
5. Perform the same operation at the central point and the four cardinal points, adding a total of five spoons of
soil to the bag.
6. Homogenize gently the soil in the bag.
7. Using a chemistry spoon, transfer a small amount of soil, ~ two gr, in a 15 ml tube prefilled with 7 ml RNA
later. Note: pay attention to not getting the rim of the tube dirty. This would prevent the tube from closing well.
8. Close the tube with its caps, do not over-tighten it.
9. Seal the tube with parafilm.
10. Clean the tube from dirt, and shake it gently to make sure that all the soil is soaked in RNA later
11. Label the tube with sampleID, coordinates, and date.
12. Repeat steps seven-11 to collect a duplicate. From each sampling site, two falcon tubes will be collected.
13. Store the Falcon tubes with soil in the dark.

23.3. Ground Soil Sampling for functional studies

Materials Needed

- GPS and extra batteries
- Data collection phone with 'traps&water&soil' application (CyberTracker program)
- Gloves
- Ziploc bags
- 50ml tubes
- kimwipe (can be added in camp)
- Silica (can be added in camp)
- Marker (minimum two)

Collect more soil from the five same points that you sampled for the eDNA sample. It is important not to
collect more soil directly in the previous step because only the superficial layer is useful for eDNA analysis.
Be sure that you have at least 100 ml of soil in the bag, always having a similar quantity (~20mL) from each of
the five sample points, and take it to camp. Upon your return to camp, dry the sample as much as possible in
direct sun (always under supervision) using the paper sandwich method or garden shading. When dry, place
around 40 ml in the tube, and place a tissue and then silica on top. Replace the silica when needed. The rest of
the soil will be left in the original bag (that will have the same info as the tube: sampleID, coordinates, and
date) in case we need to give part of the sample to the local authorities before exporting the samples. This
original bag will not be exported, only the tubes.
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24. Water

Aim: To collect representative samples of the study site for analyses of isotopes, DNA, and other
measurements in water.

Rainfall samples (from camp) and surface samples (from the grid) will be collected for isotopes and eDNA, as
(a) representative of the landscape that the bonobos are using and (b) to sample potential water sources that
bonobos and other animals actively drink water from.

The scheme of water collection is
- Rainfall water for isotopes from camp: two samples/month (day one + day 15) x 12 months = 24 samples
- Surface water for isotopes from the grid: one sample (day one) x three regular locations x 12 months = 36

samples
- Surface water for eDNA from the grid: one sample x (10 regular locations + 10 temporal water sources)

x three repetitions = 60 samples

We collect surface water from across your grid area, to gain an understanding of the contents (isotopes, DNA)
of the available water in the habitat. Be sure that surface water sampling locations are as well-distributed
within your grid system as possible, ideally in locations where bonobos could potentially or have been
observed to drink from, as well as are different types of water sources (e.g., river, a small stream, etc.). If you
have two rivers running through your grid system, you should collect a sample at the same location each
month from each of the rivers, ideally as spread out as possible. Use the same three locations where you
collect surface water for isotopes, to collect also water for eDNA, and add another seven permanent regular
locations. Temporal water source to be collected for eDNA could come from hollow trees, medium/big ponds.
Always note the type of water source. If you do not have a river or stream running through your grid system, it
is ok to sample nearby streams that are not located within your grid system. If no water bodies are in your grid
or even nearby, please speak with the project coordinator to devise a sampling plan.
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24.1. Rainfall Water Sampling Method

Materials Needed
- GPS and extra batteries
- Data collection phone with 'traps&water&soil' application (CyberTracker program)
- rainfall sampling kit*
- Marker (minimum two)

Fig 52: rainfall sampling kit*. You got smaller vials (2ml and 7 ml) in case there is no water enough to fill
completely the 20ml vial

You should establish a rainfall sampling station in an open area nearby or directly in camp, next to where you
place the rain gauge:

1. It is very important that the sky above the collector is open because we are trying to collect rain as it falls
directly from the sky. Please do not install the collector under trees or a roof where water can drip in.

2. Please install the collector on a post, fence, or another standing support system, rather than on the ground
where it is likely to get knocked over or water droplets can splash up from the ground into the collector.

Figure 53. a) Example of a setup of the precipitation device in a savanna in Guinea. Note, that the
sampling device is 1m off the ground. b) example of installation in detail
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Setting up the collection device:

The rainwater collection bucket has a hole in the lid to fit in the base of the funnel with the wire attached at the
top. Make sure the funnel fits snugly and that the base of the funnel reaches towards the bottom (but not
touching) of the bucket. When the lid is tightly shut, this should allow that the only way for anything to enter
the bucket is through the wire at the top of the funnel. Next, install the bucket in a fixed location at your
climate station, and ensure that it is perfectly level (not at an angle). You should use zip ties to affix it to
something stable and to provide a structured base to support the bucket (it will get heavier than you would
expect). You will also need to be able to remove the bucket twice a month to collect the sample, so anticipate
this as you construct your setup.

To prepare the bucket for sample collection, ensure the bucket is clean and free of dust or other liquids, and fill
the bucket with 1cm of mineral/baby oil (included in the rainwater collection kit). This prevents rainwater
from evaporating during the 2-week collection period. Leave the bucket closed, periodically checking inside to
ensure that no biological or other material has gotten into the bucket. If you see material in the bucket, try to
remove it using something you’ve sterilized with ethanol.

Collecting a Sample

1. Collect water from the rain collector twice a month on the first (1st) and fifteenth (15th) day of each month.
In the CyberTracker, mark if there is enough rainwater to collect a sample vial until it is full, and write any
important notes about notable recent weather, conditions at the station, if a leaf or other material has fallen into
the sample, or information about the equipment or the sample over the last 15 days. Please write the collection
date, GPS coordinates, and sample ID on the sample vial itself, on both the side of the vial as well as the cap.
It is very important that the collection date on the vial corresponds to the actual day of collection, and those
collection days are kept on the planned dates.

2. Before collecting the sample, first carefully remove the lid with the funnel from the bucket so that you can
access the contents inside.

3. Lean the bucket at a slight angle so you can see the difference between the rainwater and the oil. Use a dry
syringe to draw the rainwater sample from the bucket. To do this, insert the syringe past the mineral oil layer
or near the bottom of the container. It is very important that the syringe is below the mineral oil level to ensure
the collection of rainwater only (not mineral oil).

4. Draw water up through the syringe slowly by pulling the top of the syringe with the needle of the syringe
well below the oil, but not directly at the bottom of the bucket. Please try your best to prevent mineral oil from
getting into the syringe. It is ok if some oil enters the syringe, but please try to collect as much water as
possible. Sometimes this is challenging when there is very little rainwater in the bucket. Also, depending on
the circumstances, you may not be able to fully fill the syringe if there is not enough rainwater. Don't worry,
this can happen and is completely normal – we will try to fill the vials as much as possible (2 vials each time,
to get duplicated).
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5. Tubes should be filled completely without having air inside the tube. You have four different sizes of tubes
(20ml,, 7.5ml, 2ml) to collect water, select the biggest one that can be completely filled, allowing for a
collection of the duplicate.

6. Open the rainwater vial and place the syringe at the bottom of the vial. Press the top of the syringe down so
that the rainwater enters the vial. Fill the vial past the top of the vial with this rainwater if possible. If you have
enough rainwater, allow the water to overflow from the vial, to encourage any oil residue at the top to leave
the vial. If there is not enough rainwater to fill the biggest vial to the top, select one of the smaller ones, and
fill the vial as high as possible. Place the cap back on the top of the vial and screw it on tightly and secure it
with parafilm.

7. Dry off the outside of the vial and ensure it is properly labeled. Store the rainwater sample in a safe place at
room temperature away from direct sunlight.

8. Dump out the oil and any remaining water from the bucket into the latrine. Depress the syringe all the way
so that no water is stored in the barrel of the syringe and remove the presser from the syringe so that it can
fully dry. The syringe will be reused.

9. Dry the bucket with a cloth and add a new, clean layer of mineral oil to the bucket. The layer of oil should
be ~ one cm high. Reattach the bucket and funnel top to their original location, ensuring that the lid is securely
fastened.

10. Repeat the sampling procedure (points one to 11) on every first and fifteenth day of each month. Some
months there may not be rain in the collector because rain did not fall. That is fine and to be expected. If there
is no water in the bucket but it did rain during those two weeks, please check if the funnel is clogged or
blocked. The oil will not need to be changed, but you should ensure that there is absolutely no water in the
bucket if you choose to leave oil from one sampling period to the next.

11. You do not need to gather additional samples during other sample times, if the bucket is empty at some
point (e.g. during dry season, there may not be 2 opportunities per month to sample rainwater).
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24.2. Surface Water Sampling Method for isotopes

Materials Needed

- GPS and extra batteries
- Data collection phone with 'traps&water&soil' application (CyberTracker program)
- 20 ml acid-washed vials
- Ziploc bags
- Marker (minimum two)

Every first day of each month (1st) you will go to your designated water sampling locations and collect one vial
of water from the acid-washed vials from each location. Please consider that these locations are not meant to
be general waterways, but rather the exact locations where water should be collected every month.

To collect the water:
a. In a stream or river, find a spot where the water is flowing, and where you can reach from the bank
without disturbing the river or stream bottom. Try not to accidentally kick up mud.

b. In a lake, pond, puddle, or marsh, find a place where you can lean over the water without wading
into it. This way you can sample clear water above, and not mud from below (if all the water is
naturally muddy, don’t worry, you can still sample it).

c. Rinse the empty tube with the water you will collect, by filling the vial and emptying it, three times.
Try to pour the rinse water away from where you are collecting.

d. Then fill the vial to the brim with water. Water should be overflowing when you add the cap and
seal it tightly. It is very important that the vial is completely full and that there is no air remaining
within the closed vial!

Label the vial with sampleID, coordinates, and date with a permanent marker onto the vial cap. Write the
sampleID, coordinates, date, and the type of water source (e.g. pond, river, or stream) onto the white surface of
the vial with a permanent marker. Place the vial in a closed plastic bag in your backpack until you return to
camp. Upon return to camp, put the vial directly into storage with the other vials, to be stored in a cool, shaded
place out of reach of the sun.

If you ever happen to witness (or have evidence of) a bonobo drinking from a location you have not yet
sampled, please also try to sample that water source at that time. If you do so, you should follow the same
instructions as above.
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24.3. Surface Water Sampling Method for eDNA

Use the information about the water sources that you collected during the initial recce to collect surface water
for eDNA when you are going to the locations where you will place the different traps (sections 29.3-29.5).

Duplicated water samples for eDNA analyses will be collected by filtrating a defined volume of water in
Sterivex filtering unit-connected syringe. The filtering unit will then be filled with preservative solution
(RNAlater), sealed, and stored in the dark until cold storage. Protocol adapted from the “Environmental DNA
Sampling and Experiment Manual”, eDNA Methods Standardization Committee, 2019.
https://ednasociety.org/wp-content/uploads/2022/03/eDNA_manual_Eng_v2_1_3b.pdf

Materials Needed

- GPS and extra batteries
- Data collection phone with 'traps&water&soil' application (CyberTracker program)
- Sodium hypochlorite solution (diluted bleach)
- Bucket
- Rope
- Gloves
- Filter cartridges (Sterivex, pore size of 0.45 μm, SVHV010RS, Merck). Two duplicates will be collected
- 100 mL lock type syringes
- Parafilm (LMS Co., Ltd.)
- Luer fittings for inlet port
- RNAlater solution
- Ziplock bag
- Marker (minimum two)

Collecting the sample

1. Disposable laboratory rubber gloves should be always worn during the following procedures to prevent
contamination.
2. Wash the bucket with diluted bleach.
3. Rinse six times the bucket using the water body that will be sampled (river, pond)
4. Throw the bucket tied to a rope and retrieve it. Try to not collect sediment dragging the bucket, but just
water (Fig 54 a).
5. Aspirate 100 mL of environmental water sampled in the bucket into a syringe, avoiding sedimented
particles (Fig 54 b)
6. Attach a Sterivex filter unit to the syringe and perform pressure filtration (a small adapter that needs to be
attached to the main cylinder of the syringe to connect the syringe to the filtering unit (Fig54 c). Be careful not
to overtighten the luer lock because the Sterivex filter unit has to be repeatedly attached to and removed from
the syringe. Filter the environmental water sampled through twice (200ml). Change the Sterivex filter, filter
again 200ml to get the duplicate, and then discard the remaining bucket water. Collect environmental water
again with a bucket and repeat this procedure 5 times until the total amount of filtered water reaches one liter
with each of the two Sterivex filters. Note: if the water is particularly turbid/dark, or if particles can be seen,
leave the bucket sitting 10 minutes before performing the filtration. This will allow the particles to settle. If the
water is very turbid, it may clog the filter in any case after several hundred mL of water filtered, which may
make filtration impossible. Always note the final volume of filtered water.
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7. Once all the above filtration procedures are complete, remove the Sterivex and fill the syringe with air.
Attach the Sterivex to the syringe again and push the water out of the cartridge. Repeat this procedure several
times to remove as much water as possible.
8. With the sterivex filtering unit still connected to the syringe, suck RNAlater until the sterivex filtering unit
is completely full (about 4 ml).
9. Seal tight the outlet port of the filtering unit with abundant parafilm (Fig 54 d).
10. Remove the sterivex filtering unit from the syringe making sure to not lose RNA later, and close the inlet
port with luer fitting (Fig 54 f).
11. Wipe the surface of the Sterivex filter unit with a paper towel, and write the necessary information,
including samples ID, date, coordinates, and volume of water filtered (Fig 54 f)
12. Each Sterivex filter will be placed in a small Ziploc bag, and paper with the sample ID inside. Write the
sampleID on the Ziploc bag with a marker. Keep the sample in a cool place and avoid the sunlight.

Fig 54: a) retrieve the bucket with the tied rope; b) aspirate water sampled in a bucket into a syringe; c) filtrate water
in Sterivex filtering unit connected to the syringe; d) seal tight the outlet port of the filtering unit with abundant
parafilm; e) close the inlet port with luer fitting, and write sampleID.

105
BonDiv June 2023



25. Plant: systematic collection

To be able to extract information about why bonobos consume certain items and not others, different
systematic plant samples will be collected for isotopes, and for herbarium collection from species consumed
by bonobos at your site or other sites. Samples should be taken from representative species in habitats that are
typical for the species, as well as where the bonobos would select it themselves (if your local organizations
know this). Ideally, you could be sampling from the exact individuals on which the bonobos have already fed,
or from the same location where bonobos have previously fed if the same individual is not possible.

Different tree and liana parts will be collected for isotopes, metabolomics, genetics, and as a herbarium
specimen. Sample for isotopes, metabolomics, and genetics, will be collected in a single container and split
in-house, but we will refer to the samples collected for these samples as samples for “isotopes”. THV samples
will be collected for isotopes (and metabolomics and genetics) and macronutrients. Select healthy individuals
and healthy parts of the plant, avoiding items with fungus or parasites. Items should be clean (no dust, feces,
liquid), and never should be washed, and take care that no foreign objects (e.g. sand, dirt, insects) are
integrated into the sample.

The samples to collect are systematic:

- Tree and liana samples will be collected from three selected individuals of each phenology species (15-20
species, three individuals from each species).
● Leaf and bark samples will be collected once, ideally when consumed by bonobos if you know.
● The rest of the items (flowers, fruits, seeds, etc) will be collected once when available, from the three

selected individuals of each species.
- THV samples will be collected from five species consumed by bonobos at your site, plus three consumed at

other sites but present on your grid, from three different locations each. Use the help of the local
organization, field assistant and the traces you find on the field to know which THV species are consumed
by bonobos at your site. The same species and same locations will be sampled every month. As THV
availability will not be monitored monthly, please remember to collect THV samples from the same
locations each month when doing the phenology. Each sample will receive an individual sampling ID. If
you see bonobos eating from a specific THV, add this individual to the ones to be sampled regularly, and be
sure you add this comment in CyberTracker (“recce&opportunistic”). See section 28 feeding remains for
more details.

- One herbarium specimen will be collected from each of the species you collect samples from:
- 15-20 phenology trees/lianas species from your original phenology list
- 5 THV species consumed by bonobos + 3 THV species non-consumed by bonobos
- (plus all the unidentified species you find during the plots)
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Table 55: systematic plant collection

item and sampling analysis how to store it quantity per tube/bag

bark: 15sp*1ind*1time=15

isotopes

paper bag to cover an A5 area

leaves: 15sp*3ind*1time=45 paper bag to cover an A4 area,
10-20leaves

flowers: 15sp*3ind*1time=45 paper bag 20 flowers

fruits/nuts: 15sp*3ind*1time=45 paper bag or tube
with silica 10 fruits/nuts

THV: (5sp+3sp)*3ind*12months=288
isotopes paper bag to cover an A4 area

macronutrients 2x 50 ml tube with
ethanol fill tube and cover with ethanol

herbarium specimen: one per plant species
sampled (15-20 tree/liana phenology, 5 THV
consumed, 3 THV non-consumed) + unidentified
species+new phenology species

herbarium herbarium sheet herbarium specimen

In addition to the systematic samples, opportunistic plant samples will be collected for macronutrients
whenever a bonobo plant feeding remain or feeding trace is found (including diet samples), following the same
sample collection protocol as described in section 25.3. When a plant feeding remains or feeding trace is from
a plant species that is not part of your phenology list, it will be included in the phenology survey and samples
will be collected systematically from that moment, including the herbarium specimen (see more about feeding
remains in section 28). Contact the coordinator if this happens.

25.1. For Isotopes (plus metabolomics and genetics): tree/liana part and THV

For these three analyses the collection method is the same across each analysis, therefore, we will aim to
collect enough quantity of material to be sampled in one single sample, and then these samples will be split
later once the samples have been imported to their destination. The quantity needed for this analysis is
specified in table 55 (section 25).

Materials needed:
- GPS and extra batteries
- Data collection phone with 'phenology' application (CyberTracker program)
- A4 clipboard with scale
- Gloves
- Paper bags and tubes
- Silica
- Ziploc bags
- Marker (minimum two)

When collecting the sample:

- When collecting the plant sample, note in CyberTracker if the item is being consumed by bonobos in that
moment, and if yes, how do you know it (have you found feeding remains, rest in diet samples, local people
have told you, etc).

- When in the spot, first take a picture of the tree, liana, or THV as a whole.
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- Because we are collecting these samples for metabolomics analysis, don't touch the samples with bare hands.
Always wear gloves to avoid contamination of your skin to the sample, and don’t apply any cream on your
hands on the collection dates. You don´t have to change the gloves between collecting each sample as long as
you don´t touch anything (e.g your face, your water bottle, a marker, etc), but you should not reuse gloves
after you have taken them off of your hands, or if you have handled other equipment. Have a different person
enter the data on the phone. Then place the sample on your A4 clipboard (has to be cleaned with ethanol
before) with scale and make another photo to illustrate the appearance of the intact item. When collecting
samples during the phenology survey, first you need to enter the phenology data (that includes the tree/liana
ID), and at the end the samples data.

- Place the sample in the tube or paper bag (be sure that the paper bag is closed properly), and write the
sampleID, coordinates, and date. Never write on the plant material themselves, but only on their storage
containers (tubes, bags). Samples should be manipulated and handled as little as possible, and remain as
intact in their original state as possible inside their tube/paper bag.

- Always sample from the same part of the plant, ideally from the same part and individual that the bonobos
are feeding on, and the same state (ripe/unripe fruit, young/mature leaf, open/close flower, etc) if you know.
If you don’t know which part the bonobos are eating, collect samples from the lowest part of the tree/liana, as
reaching other parts may be very difficult.

- If possible, leaf samples will consist of young (but unfolded) leaves, and flowers and fruits should be
sampled when mature.

Dry the samples whenever possible with the sun always using the sandwich method or garden shading,
isolated from possible contaminants and under supervision (take good care that wind does not blow away any
part of the sample, or that insects or other contaminants are not compromising the sample while they dry), and
when there is no sun place them in tubes with silica or in paper bags placed inside a hermetic box or Ziploc
bag containing silica. Large fruits can be cut into thin slices to dry faster (always wearing gloves and using a
disinfected knife). Silica should never touch the sample directly (when using tubes, place a tissue paper
between the sample and the silica, when using paper bags, place them in Ziploc bags with silica on it) and will
be replaced in most cases if saturated. Once completely dry, samples will be stored in dry and locked Zarges
boxes, protected from sunlight and rain/humidity. Use tubes for fruits/nuts/seeds and paper bags well closed
for the rest of the plant samples. Used silica (white) can be reheated (will turn orange again) and re-used.
Check the samples every week and replace silica from the box and samples if needed. Add the data of final
drying in CyberTracker. Please label each sample (on the tube or on the paper bag) with the sample ID,
coordinates, and date.
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25.2. For macronutrients: THV

Aim: To gain a macronutrient profile of bonobo food items at each site, and to understand how this profile may
change within the year.

Materials Needed:

Materials needed for collection:
- GPS and extra batteries
- Data collection phone with 'phenology' application (CyberTracker program)
- 2x 50 ml tubes with their weight written (x2 duplicated)
- Ziploc bags

Materials needed for storage in camp:
- ethanol

Tubes used for all macronutrients samples (including plants), need to be weighed empty (before placing the
material inside), and once you have collected the sample. Have always with you some tubes with the weight
written on them to collect samples for macronutrients. Once you are back at camp, weigh the tubes containing
the sample. This way we will know how much organic material for macronutrients was placed inside the tube.
Once you have collected the THV sample for isotopes/metabolomic/genetics/, place as much material in two
50ml tubes as possible, two tubes per sample (to have duplicated of each macronutrient sample), and cover
with ethanol in camp to dry the sample. The goal of drying primate foods is to inhibit enzymatic activity
rapidly to prevent chemical and physical shifts and preserve the sample’s nutritional attributes. Samples should
be placed into the tubes and submerged in ethanol as quickly as possible, and then remain in storage away
from sunlight until they are transported out of the forest. If samples are not preserved quickly enough, either
bacteria will bias the sample analyses, or the Maillard reaction may occur (which will cause an overestimate of
fiber and an underestimate of soluble sugars).

25.3. Herbarium samples

Herbarium samples will be collected to help with the identification of species that are relevant for bonobos and
that you cannot identify in the field, as well as to be used as a reference specimen linked to the plant genetic
sample.

Materials Needed

- GPS and extra batteries
- Data collection phone with 'phenology' or ‘plots’ application (CyberTracker program)
- Herbarium press with cardboard and blotting paper
- Fresh sheet of newspaper (to be folded on both sides of the sample)
- Adhesive label for each sample (labels and tape)
- Box for drying samples and silica
- Marker (minimum two)

Sampling Scheme

You should aim to have at least one very good herbarium sample for each plant species that you sample
(phenology trees/lianas + five consumed THV + 3 non-consumed THV), other bonobo food species that are
not included in the phenology since the beginning, as well as for all the species that you can’t identify in the
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field (e.g., during the vegetation plots). Additional herbarium samples are also very welcome, for example of
very common or very rare species encountered in the forest.

Method

The following text is modified from the following two sources, so please refer to these sources for additional
information about collecting herbarium samples:

● “Field Techniques Used by Missouri Botanical Garden” by R. Liesner
● “GUIDE TO PLANT COLLECTION AND IDENTIFICATION” By Dr. Jane Bowels

1. Selecting a good specimen

Herbarium samples are used by botanists to identify plant species and are used as the key reference for species
identification. They therefore should be both selected and sampled carefully, so as to represent the best
example possible of each species, and to provide a botanist with as much information that can be provided as
possible. Therefore, you should aim to collect a herbarium sample that is:

- undamaged (either by transport or prior to collection)
- healthy
- a good example of many plant parts (stem, leaves young and old, fruits and/or flowers)
- a good example of a setting and form of the species (habitat, size)

Specimens for collection should be as complete as possible. You should ALWAYS include either flowers or
fruit in your sample (or both if available), as well as vegetative parts like leaves. Clearly, in most cases, this
is impossible since ripe fruit and flowers do not usually occur at the same time. Often, however, remains of
growth from the previous year can be found at the base of the plant or on another specimen nearby. Only
collect fruits or seeds if you are certain that they belong to the same plant or the same species. This also means
that you will need to plan your collection of herbarium samples according to the period when they can provide
either fruits or flowers for the herbarium sample. Ideally, flowers will be easier to dry than fruits, so it is
preferable that you target the flowering stage of the plant.

Specimens should be typical of their species and healthy, found in its typical habitat, with at least some fully
expanded leaves where possible. If a species normally grows in woodland, do not collect specimens growing
by the roadside or in a clearing. Avoid collecting small individuals simply because they fit into a press more
easily or are easier to reach. For example, sometimes leaf shape, flower color and other characteristics are
completely altered on plants growing in full sunlight, therefore if it is not a typical place to find a certain
species, this may cause issues with later identification.

2. Collecting a specimen

Specimens containing all essential features (all leaf types, twigs, flowers, fruits, and so on) must be cut from
the plant. To minimize damage to parent trees and to specimens, twigs should always be cut off cleanly with a
sharp knife or pruners/secateurs. Breaking the twig by hand can strip the bark and ruin a specimen or cause
unnecessary harm to the tree or shrub from which it was taken. In the CyberTracker you will collect a series of
data on the location and individual from which you are collecting. Herbarium samples will also receive their
own sample number, and you should also include all of these data on the label of the herbarium press.

Ideally, collections of vascular plants should be put immediately into a field press after they are cut because
this produces the best-looking specimens. This is however quite difficult to do and would require you to carry
the press out into the field, therefore you should plan to collect herbarium specimens on days on which you
can carry a sample safely and immediately back to camp for pressing. Samples can be carried in sample bags
with wet paper inside (to help with preservation) until you arrive at the camp. In plastic bags, petals are likely
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to be knocked off, and stems will almost certainly be bent or broken, so it is important to be very careful if you
choose to transport samples in bags. The bag should then be blown up by mouth and knotted to seal it or use a
zippered bag. Blowing up the bag adds a small amount of moisture and helps to cushion the contents. Full bags
can be carried in a larger bag or rucksack. Regardless of how you choose to carry samples back to camp, care
should be taken to keep collections as cool as possible and prevent them from being crushed.

3. The plant press

Once you have returned to camp, you should immediately press the plant in the herbarium plant press. The
plant press consists of a frame (typically wooden, for rigidity), corrugated cardboard ventilators (to allow air to
flow through the press), and folded paper, typically a newspaper, to contain and dry the plant material. Add a
tag (a piece of paper with tape with the sampleID, coordinates, and date) to the plant, and place inside the
newspaper the herbarium label containing the information required. The plant press is tightened using straps
with buckles or bolts with wing nuts. The objective of pressing plants in a press is to extract moisture in the
shortest period of time, while preserving the morphological integrity of the plant, and to yield material that can
be readily mounted on herbarium paper (an acid-free cardstock) for long-term storage.

Plants in their newspaper folders are piled in layers of alternating cardboard for stability on the wooden frame.
The straps will need to be tightened periodically as the plant material will shrink as it dries. After this, the
specimens may be left undisturbed for a few weeks until they are completely dry. You should plan on visually
checking the samples you’ve collected regularly to ensure that they have not become moldy, as well as to
check to see if they are dry and need to be removed from the press. If they have become moldy you will need
to remove them quickly from the herbarium and collect a new one in its place, hence why you should keep a
close eye on the samples while they are drying so that you can be sure you do not let a sample go moldy only
after it is too late to collect another one (keep the moldy sample if is too late to collect a new one and contact
the coordinator). You should plan to keep as many samples as is reasonable within the press, as the press helps
protect and keep the samples dry, but as you collect more, you will need to remove the samples and store them
separately in a dry box so as to make room for new and actively drying samples in the press. All sections of
the press (except the newspapers containing the samples) can be reused for new samples. Dried specimens will
eventually be stored in large Ziploc bags with some silica inside (never in direct contact with the samples) in a
Zarges box.

Figure 56: Illustration of a plant press. The plant samples will be kept in between the newspapers (Illustration: The University of
Arizona)

4. How to press a plant sample

Two important points should be kept in mind when plants are prepared for the press. These are i) that the dried
specimen should fit neatly onto the folded newspaper and should not extend beyond the paper and ii) that as
many features as possible should be visible on the mounted specimen. Specimens should be laid on the sheet
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in an attractive, space-filling way. Space should be left in the lower right-hand corner for the herbarium label
with information about the sample itself. The sheet should be as full as possible without being crowded.
Remember, samples will be loose in between the folded newspaper, so care will need to be taken to ensure that
pieces do not fall out when you are handling the samples and that you create samples that will consequently be
easy to handle.

Too many leaves in a herbarium sheet will look untidy and can obscure the details that are important to
identify the sample. Where it can be done without destroying information, snip off some of the leaves, but
ALWAYS leave part of the petiole (the stalk that attaches the leaf blade to the stem) so that it is evident that
leaves have been removed. Care should be taken not to sever twigs or leaves. The specimen should be laid out
so that there is a minimum overlap between parts. Sometimes this involves spreading the plant unnaturally.
Start near the folded edge of the newspaper and hold the parts in the desired position that you would like the
sample to eventually lay in when pressed. Fold over enough newspaper to cover these parts and hold it down
with the flat part of your hand. Then move to the next portion of the plant, arrange it, and fold down a few
more centimeters of the newspaper. Continue until all the newspaper is folded down and the flats of two hands
can cover the whole sheet.

Multiple sections of smaller plants may be pressed together in one herbarium specimen in order to provide
enough material for mounting and study. Small loose pieces, such as seeds, may need to be placed in a small
paper packet inside of the newspaper. This envelope should be taped to the newspaper on two sides. Some
species will lose parts as it dries. If this occurs, you should collect these parts and also place them into a paper
envelope, label the envelope, and tape it to the corresponding newspaper for the sample. Large fruits or bulbs
are often cut in half lengthwise or in slices prior to pressing. You should not attempt to press entire fruits
unless they are already flat enough to press. In order to ensure rapid and thorough drying, extremely wet
materials (e.g., fruits) may need to be sliced open and some of the fleshy interiors scraped out.

Each specimen should consist of a stem with attached leaves and, if at all possible, flowers and/or fruits. The
roots of herbaceous plants (e.g., THV) should be included. In the case of very large trees, shrubs, or vines,
pieces should be selected to illustrate to the greatest extent possible the overall characteristics of the plant and
the range of variation in flowers, leaves, and other structures.

The end of woody stems should be sliced diagonally so that the color of the wood and pith are displayed. On
every mount, the back of at least one leaf should always be visible. Sometimes this involves twisting a
petiole to obtain the desired effect.

Once plants are pressed, changing the paper after the first 24 hours is generally a good idea, because it both
enhances drying and allows you to make cosmetic adjustments to the specimen while it is still moveable. Once
the specimen is completely dry, leave them in the last newspaper used (now you can paste the herbarium label
to the final newspaper), pile them up in a Zarges box or sample box, placing cardboard every couple of
specimens to give stability, being sure that the box is isolated from humidity and light, including a ball of silica
in the box that you replace when saturated.
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26. Mushrooms and Truffles

Truffles are part of the bonobo diet, and therefore mushrooms and truffles (underneath the surface) will be
collected when found, especially the items consumed by bonobos at your site. Keep your eyes open for signs
on the ground.

Materials needed for collection

- GPS and extra batteries
- Data collection phone with 'recce&opportunistic' application (CyberTracker program), if not found during
transects

- paper bags
- 50/15 ml tube
- ethanol 80%
- Ziploc bag
- Silica
- Marker (minimum two)

At least 20 truffle samples will be collected when found, spread out the grid and from different habitat types if
possible, especially where you find signs of consumption by bonobos.

Truffles will be collected dry and in ethanol. Remove as much soil & debris as possible. Take photos of fresh
specimens from several angles.
For identification, slice the truffle into slices approximately 5 mm, and place slices of truffle on a paper bag in
a dry shaded place. To preserve DNA, do not place specimens in direct sunlight. Once truffle slices are
completely dry (typically 24-48 hours), they can be stored in the original paper bag, which will be placed in a
Ziploc bag with some silica on it (silica should never be in direct contact with the sample).

Fig 57: example of how to cut truffles to dry

For macronutrients, place as much as truffle as possible in a 50ml tube, and cover it completely with ethanol.
Truffle can be cut to be introduced in the tube if needed.
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27. Caterpillars

At least 20 caterpillar samples will be collected when found, spread out the grid, and from different habitat
types if possible, especially where you find signs of consumption by bonobos.

Materials needed for collection

- GPS and extra batteries
- Data collection phone with 'recce&opportunistic' application (CyberTracker program), if not found during
transects

- 50 ml tube with silica
- 50 ml tube with ethanol 80%
- Ziploc bags
- Marker (minimum two)

Caterpillar samples will be stored in 50ml tubes with ethanol (fill the tube with as many caterpillars as
possible, and add ethanol to cover them completely).
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28. Feeding remains or feeding signs

Feeding signs are very informative regarding the bonobo diet at each site. When you find any bonobo feeding
signs during your days in the forest, the observation will be entered as ‘feeding sign’ using the
recce&opportunistic application if you are not doing line transect and collect the leftovers if possible under
‘feeding remain’ in the sample application. The feeding remains could be used for genetic analyses as they
may contain bonobo saliva. Using gloves, collect the rest and place it in 15 or 50ml tube, and add a paper
tissue and silica on top to dry.

Important: silica used to dry bonobo feeding remains should not be re-used. If you need to change the
silica, please put the fecal silica gel into a separate labeled bag once it has been used. This will ensure
that the gel is not reheated with the rest of the project's silica gel.

At the moment when you find the feeding remains, you need to collect samples of the item consumed by
bonobos (but untouched by them), from the same place that bonobos consumed them from macronutrient
analysis. It is very important for macronutrients to collect only the part that is consumed by bonobos. Take a
good look at the feeding remain and ask the field assistant to understand which part the bonobos are eating,
and store in the tube only that part. If it is a fruit sample, you need to weigh the tube and the sample+tube as
described below. At this moment when you find the feeding sign and collect the untouched sample for
macronutrients, in total three samples will be collected (always duplicated), one from the original feeding sign
location plus the same item from two other locations across the grid. One month after, you resample again the
same items but in this case only from two locations, the original one where you found the feeding sign, plus
one of the other two. In month three you collect only from the original feeding sign locations (three samples in
month 1, two samples in month 2, and one sample in month 3). If you keep seeing signs of consumption of the
item in the coming months, you keep collecting three samples per month.

If the feeding signs (or diet particules) are from a plant species that is not part of your phenology list, it will
need to be included to be surveyed every month for phenology scoring, and collect plant samples
systematically as described in the plant section.

Materials needed

Materials needed for collection:
- GPS and extra batteries
- Data collection phone with 'recce&opportunistic' application (CyberTracker program), if not found during
transects

- Gloves
- 15/50ml tube with silica (for genetics)
- 50 ml tubes with their weight written (x2 duplicated)
- Digital scale (up to 500g) and
- 1,5m measuring tape for measuring food items in the field
- Ziploc bag
- Marker (minimum two)

Materials needed for storage in camp:
- ethanol

Place as much sample in the 50ml tube as possible, two tubes per sample (to have duplicated of each
macronutrient sample). When collecting fruits, we need to know how big on average (size and weight) a single
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fruit is and how much fresh material you have placed into the tube. Use the CyberTracker program to collect
the following data:

- weigh at least 30 fruit items (if available) of the species that you are going to collect
- measure the vertical and horizontal circumference of those 30 items
- weigh the tube in advance in camp– write the weight on the tube
- place as much sample in the tube as possible, two tubes per sample. If the fruit is too big, it can be cut.
- upon return to camp, weigh the sample and the tube. Write the weight (tube + sample) down
- fill the tube with ethanol (to dry the material), ensuring no air bubbles, and seal with parafilm
- close and store. It will be transported in ethanol, to be dried later (in Kinshasa or in the lab)

The goal of drying primate foods is to inhibit enzymatic activity rapidly to prevent chemical and physical
shifts and preserve the sample’s nutritional attributes. Samples should be placed into the tubes and submerged
in ethanol as quickly as possible, and then remain in storage away from sunlight until they are transported out
of the forest. If samples are not preserved quickly enough, either bacteria will bias the sample analyses, or the
Maillard reaction may occur (which will cause an overestimation of fiber and an underestimate of soluble
sugars).
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29. Insects

29.1. Army Ants

Ants will be recorded and collected during the line transects, a minimum of 20 ant samples from different
habitats will be collected, spread out through the grid area.

Army ants (also called driver ants, in French “magnans”) form large but temporary underground colonies with
millions of individuals. Surface openings of the nest with loose soil are quite typical indications of the
presence of an underground ant colony. These ants are nomadic and raid large termite mounds regularly.

Nests are frequently situated at the base of trees (Figure 58 a). Army ant nests can be recognized by the sand
pushed up onto the surface from underneath the ground (Figure 58-b-d). You may also be able to observe the
ants near their nest – they are social insects and thus always occur in groups. The nests of some species are
almost impossible to detect because they are covered by leaves (Figure 58-e). You may also encounter
foraging trails or migration trails (Figure 58-f). When army ants move to another location, they carry the eggs,
larvae, and queen to the new nest. When they hunt, they form swarm raids, sweeping across the ground and
carrying pieces of insects and small mammals to their nest along foraging trails. If possible, collect different
forms of ants in each tube, large soldiers, and workers.

Figure 58 a) Army ant nest at base of tree – here the army ants are visible at the nest entrance; b-d) Army ant nests noticeable by the
sand pushed up from underneath the ground; e) Army ant foraging trail where sometimes parts of the trail are concealed with sand and
leaves; f) Army ant foraging trail. Large soldier ants are often found on the edge of the trail to protect the smaller worker ants and the
goods they carry (Photos a-e: Yasmin Moebius; Photo f: Casper Schöning)
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Materials needed for ant collection

- GPS and extra batteries
- Data collection phone with 'line_transects' application (CyberTracker program)
- Tweezers
- 15ml tube (add tissue paper and silica at camp)
- 50 ml tube (add 80% ethanol at camp after weighing the tube)
- Ziploc bags
- Marker (minimum two)

For isotope analyses, collect them with a pair of tweezers, decapitate them, and store them in an empty 15ml
tube (Figure 59- a). Collect at least 10 ants per tube for stable isotope analyses. Add a piece of tissue and some
silica on top, which will be replaced if saturated. Label the sample with sampleID, coordinates, and date.

For macronutrients and identification, fill as much as possible a 50ml tube with ants using a pair of tweezers.
Add ethanol until individuals are completely covered (Figure 59- b). Label the samples with sampleID,
coordinates, and date.

If not enough individuals can be collected, prioritize individuals in ethanol.

Figure 59: Storage methods of army ants for (a) isotope analyses and (b) identification & macronutriens.
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29.2. Termites

The presence of termite mounds will be recorded and samples will be collected during the strip transects,
together with the termite soil (and maybe collected also with pitfall traps.)

All termite mounds will be recorded during the line transect, and a minimum of 20 termite samples from
different termite mounds types and different habitats will be collected, spread out through the grid area (which
implies a minimum of 20 termite soil samples too, as both will be collected in parallel).

If possible, collect different forms of termites in each tube, large soldiers, and workers.

Materials needed for termite collection

- GPS and extra batteries
- Data collection phone with 'strip_transects' application (CyberTracker program)
- Tweezers
- 15ml tube with silica (add tissue paper and silica at camp)
- 50 ml tube (add 80% ethanol at camp after weighing the tube)
- Ziploc bags
- Marker (minimum two)

For isotope analyses collect at least 10 termites per tube with tweezers, decapitate them and store in an empty
15 ml tube (Figure 60 a). Add a piece of tissue and some silica on top, which will be replaced if saturated.
Label the sample with sampleID, coordinates, and date.

For macronutrients and identification, fill as much as possible a 50ml tube with termites using a pair of
tweezers. Add ethanol until individuals are completely covered (Figure 60- b). Label the sample with
sampleID, coordinates, and date

If not enough individuals can be collected, prioritize individuals in ethanol.

Figure 60: Storage methods for (a) isotope analyses and (b) identification of termites & macronutrients.

Take pictures of the termite mound before you sample it to be used together with the sample for identification.
Here are some examples of termites and termite mounds:
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Fig 60: a) macrotermes mound, source Macrotermes Bellicosus Termites | Updated in 2023; b)Cubitermes sp. nest, Bafoussam,
Cameroon source termiti.czu.cz; c)Cubitermes sp. nest, Ebogo, Cameroon source termiti.czu.cz; d)procubitermes, dja, cameroon.
source termiti.czu.cz; e)Thoracotermes macrothorax; f) Thoracotermes termite mounds found in Tai National Park (Photos: Lydia
Luncz).
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29.3. Bee traps and honey

Honey is part of the bonobo diet, therefore, samples of different species of stingless bees as well as honey bees
will be sampled. Bee nests are extremely difficult to spot, especially underground nests as the entrance on the
surface are often very small. Baited traps, therefore, allow for a more accurate way of estimating abundance
and species diversity. 10 bee traps will be placed over the course of one week spread out through the grid,
being sure that they cover the different habitat types more representative of your site. Traps will be placed
three times during the year repeating the same sampled locations to get the variation during the different
seasons. If you identify a problem by leaving the trap for one week, contact the coordinator.

Materials needed for collection

- GPS and extra batteries
- Data collection phone with 'traps&water&soil' application (CyberTracker program)
- Plastic bottle 1-2L
- Bait liquid or similar
- Tweezers
- 15/50 ml tube with 80% ethanol
- Ziploc bags
- Pencil and piece of paper

Trap preparation

1. Cut the top of a plastic one - two liter bottle and fill it with 200 ml of bait liquid: Bait liquid can be any of
the following and different things work at different sites, so you may have to try different baits. You can test
baits near your camp before setting up traps: Scented laundry soap (eg: Omo), human urine, crushed-up fruits
and/or flowers (with a strong scent), flowery perfume, honey, human sweat placed around the ‘funnel’ or ask
your assistants for what they think may work.

2. Replace the top of the bottle inverted (Figure 61) and seal the top with tape

3. Attach hooks to top

Trapping

10 traps should be set up ideally evenly distributed across the grid, three times during the year (repeating the
10 locations each time). Once the locations have been identified, each trap will be set 10 meters above the
ground. One method could be using a rope and a high branch. Hook the trap to a long rope, throw the rope
over a high branch, and pull the other end of the rope to raise the trap like a pulley (be careful so the bait
doesn't fall off when raising the trap). The rope has to be tied to a tree or stone so that the trap does fall when
the rope is released. After a week, untie the rope from the tree/stone and slowly lower the trap. Count the
number of bees in the trap and transfer them to the 15ml tubes. Once back at camp, dry and store the bees back
in the cleaned tubes with ethanol and with silica.

121
BonDiv June 2023



Figure 61: bee trap to be placed in different habitat types at 10 m above the ground.

Ideally you should be able to split the samples in 80% ethanol (identification/macronutrients) and silica
(isotope analyses), with the same sample number but different suffix for analyses; but if there are different
species and not enough individuals to split, they can be stored all in ethanol (Figure 62). Do not separate the
different species, they will be identified later in the lab.

Figure 62: Storage methods of bees for (a) isotope analyses and (b) identification.

Honey collection

Collect also honey if possible in 15ml tubes, especially from the places where bonobo eat it (if you are able to
identify it). This will be noted under 'recce&opportunistic' application (CyberTracker program), if not found
during transects.
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29.4. Pitfall traps

10 Pitfall traps will be placed over the course of one week spread out through the grid, being sure that they
cover the different habitat types more representative of your site, to collect ground insects. Traps will be
placed three times during the year repeating the same sampled locations to get the variation during the
different seasons.

Materials needed for pitfall traps

- GPS and extra batteries
- Data collection phone with 'traps&water&soil' application (CyberTracker program)
- container 500 ml
- roof/net
- thin sticks
- propylene glycol (100 ml per pitfall trap)
- Ziploc bags
- 15/50 ml tubes (in camp), plus new propylene glycol.

The pitfall traps are composed of a container, a roof to protect it from the rain, and a preservative agent
(propylene glycol: is not known to either attract or repel ants, and it poses little threat to mammals if
swallowed).

Find a good site to place the pitfall trap, the site should be in a sunny location, if possible. Containers need to
be buried at a ground level deep enough to not have any part of it rising above the surface. To do that, bury
two containers (one inside the other one), and press the earth around them so it is compact and will not fall
into the trap. Remove the inside container, and add 100ml of the preservative agent. To increase the chances of
getting insects, place two thin sticks crossed on top of the container, so the insects will walk on them and
potentially fall, and install the lid on top. To be sure that the preservative agent will last one week with the
climate conditions on your site, perform a test in camp in advance (add 100 ml of propylene glycol in a
container and leave it for one week. If it has evaporated before one week, you will need to add more propylene
glycol to the traps)
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Figure 63: pitfall trap installation

After one week, remove the trap, put the lid on the container, add a sample ID, coordinates, date, and take it to
camp. There, transfer the insects from the original pitfall container to a 15 ml or 50 ml tube (use more than one
50 ml tube if needed, treating these samples as duplicated, and noting if in CyberTracker), cover with the
original propylene glycol if not very dirty or diluted with rainfall water, or add new propylene glycol. Add the
sample ID, coordinates, and date, and store the sample at room temperature out of direct light like the rest of
your samples. Probably not only ants will be found in the container, keep all the insects.
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29.5. Blowflies traps

Flies are perfect field assistants, because they feed on carrion and feces, and - other than us - they find every
single carcass and every pile of feces. In flies we can detect the species they have been feeding on and also the
pathogens present on a carcass or shed in feces. Flies can therefore be used for biomonitoring and outbreak
monitoring for an entire monitored area.

Material needed

- GPS and extra batteries
- Data collection phone with 'traps&water&soil' application (CyberTracker program)
- Gloves
- plastic container, with covers
- one fly net
- Prepared synthetic attractant (“bait”), prepared three days to one week in advance (alternatively, other
attractants can be used, e.g. fish entrails)

- empty 50ml tube + 30ml ethanol
- pre-made 50ml tube with silica for each sampling location
- tweezers
- Ziploc bags
- Marker (minimum two)

Sampling Scheme

Flies will be caught at 15 sampling locations, sampled three times during the year. These 15 locations should
be well dispersed throughout the grid cell system and include all the different habitat types present in your
grid.

Method

Flies are caught with self-made pyramid fly nets and artificial attractants (“bait”, for preparation see below).
At each location, you will set up one net to capture flies.

Before sampling:
You will need to prepare the bait at least three days in advance of when you plan to sample, although if it can
be prepared a full week in advance the bait will be more effective. To prepare the bait, mix one bag of bait
powder with 1L of water in a plastic bottle. Leave the bottle in the sun to activate the bait until it develops a
strong smell (which makes it irresistible to flies!). The bait liquid is smelly but not toxic or harmful in any
way.

General comments
Always wear gloves when sampling and when handling the fly nets and bait tubs. Transport the net and tub in
a plastic bag and wash the equipment after each sampling period with soap and detergent. Bait can be re-used
between sampling locations and days.

Procedure at each sampling location:
▪ Fix the top of the net to a branch of a smaller tree or bush so that the edges of the net are just hovering

above the ground.
▪ Fix the corners of the net to sticks in the ground (or use tent pegs) so that the net forms a pyramid. Leave

about 5cm space between the ground and the edge of the net, for flies to enter.
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▪ Fill a plastic container with ca. 100 ml of the bait, cover the container with a small piece of netting, and fix
it with a rubber band (to prevent flies from getting in the bait)

▪ Place the covered plastic container with the bait under the net pyramid.
▪ Have someone checking the trap and collecting the blowflies once there are a couple inside, as they may

escape if you wait too much. The rest of the team will collect the ground soil for eDNA and the leaf swabs
during that time.

▪ If it is attracting a lot of ants, raise the tub off the ground.
▪ To collect the flies, put on a pair of gloves, corner the flies in the net, and transfer them directly into a 50

ml tube with ethanol.
▪ Stop after 20 blowflies have been collected or 30 minutes have passed.
▪ Note the number of flies and total time.
▪ Within one hour, transfer the flies from the ethanol into a pre-made 50 ml tube with silica gel, using the

tweezers if preferred (tweezers need to be cleaned with 1% bleach after every use). Store up to 20 flies
from a single trap in the same silica tube and label them. Blowflies can be in direct contact with silica, and
silica of these tubes will NOT be changed, even if saturated. Important: Do NOT touch the flies. The
alcohol tube can NOT be reused, The ethanol stabilizes the DNA and this could lead to
cross-contamination.

▪ label the tube with
▪ sample_id
▪ coordinates
▪ date
▪ grid cell
▪ total number of flies collected
▪ total amount of time

Before moving to the next sampling location, be sure also to enter this information into the CyberTracker. The
sample tubes containing the flies can be immediately placed in the sample box for storage. Once the samples
are stored don’t forget to wash the net and plastic bins with soap and detergent.
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30. Leaf swabbing samples

The leaf swabbing approach is a quick and efficient way to quantify biodiversity.

Materials Needed

- GPS and extra batteries
- Data collection phone with 'traps&water&soil' application (CyberTracker program)
- Gloves
- Sterile cotton swabs (five per blowfly trap location)
- 2ml cryotube with 1.0ml RNAlater (pre-made)
- box to store 2ml cryotubes
- Ziploc bags
- Marker (minimum two)
- Watch (ideally with a timer)

Every time that blowflies are collected, 5 leaf swabbing samples will be collected for eDNA. Prior to
swabbing, please put on gloves. Briefly soak the head of the swab in RNAlater to get it moist and then lightly
swab a random selection of vegetation at different heights where the flytrap is placed, for a total of three
minutes (use a timer). Avoid touching the head of the swab with your gloves or clothing. Swab also the gunk
in rolled-up leaves or where leaves meet branches, as well as the undersides of leaves, and try to swab a
diversity of plant types and heights. No need to push very hard while swabbing (i.e., you do not want to be
breaking the leaves with the swab). After three minutes, transfer the head of the swab to RNAlater in a
cryotube, breaking off enough of the handle, so that it fits into the tube. Then move one meter away from the
blowfly trap and start swabbing leaves in that area (in a one-meter radius away from the trap), repeat until 5
samples are collected, always one meter further from the trap. Back in camp, keep the RNAlater tubes out of
direct sunlight and as cool as possible. Please store the tubes upright, so that the head of the swab stays
submerged in RNAlater. Do not swab trees or lianas surveyed during phenology, as you will collect leaf
samples from those ones and the RNAlater will interfere with other analyses planned.
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31. Carcass Swabbing
Carcass swabbing is a safe and easy sampling technique for wildlife carcasses when no trained vet is on site.

Material needed:

General equipment
- GPS and extra batteries
- Data collection phone with 'recce&opportunistic' application (CyberTracker program), if not found during
transects

- Marker (minimum two)
PPE (personal protective equipment)
- safety goggles
- FFP3 mask
- 2 pairs of gloves
- 1 pair of sleeves
- long pants
- tape
- overshoes if available / rubber boots

Clean-up and disinfection
- 50ml tube with 30 ml of freshly prepared 1% bleach (if bleach concentration is unknown, use 10ml
undiluted bleach and add 20ml water)

- sterillium or 95% ethanol
- rack for 50ml tubes
- paper towels/ toilet paper
- 2 small rubbish bags

Sampling materials (for each planned sample collected):
- sterile cotton swabs
- 2ml cryotube with 1.0ml RNAlater (pre-made)
- box to store 2ml cryotubes
- tweezers
- Ziploc bag/biohazard bags

Sampling Scheme

Carcasses should be swabbed whenever they are encountered. When you encounter a carcass during work,
take a waypoint and return to camp as immediately as possible to pick up a carcass swab kit and prepare the
disinfectants if you don’t have it with you. Ideally, you should do this within the same day as when you
discover the carcass of the animal as scavengers may remove the carcass from the location where you’ve
discovered it overnight. Each sample will be collected in duplicate (i.e., two samples).

Method

a) Prepare the disinfectants

Prepare a 50ml vial of fresh 1% Bleach for disinfection of samples tubes and goggles
- Make a fresh 1% dilution from the 3% bleach in camp by adding 10ml of undiluted bleach (3%) + 20

ml of water. To prepare a kit to have always with you, add 10ml of undiluted bleach (3%) in a 50ml
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tube and add the 20ml water in the field. If bleach concentration is unknown, use 10ml undiluted
bleach and add 20ml water.

Prepare a 15ml vial with 95% Ethanol or use the hand sanitizer for hand disinfection
- Sterilium or 95% ethanol can be used for hand disinfection.

b) Preparations (in the field):

Wild animals (especially dead ones!) may carry unknown but potentially harmful diseases. This means that
you should only approach each carcass discovered with caution and wearing protection. To protect the person
collecting samples from the pathogens that killed the animal, appropriate personal protective equipment (PPE),
waste disposal, and disinfection strategies are required. With proper preparation and protection, sampling the
carcass will pose no danger to you. It is therefore important that you follow protocol and don’t approach or
handle the carcass without protective equipment! This means that you should follow these steps first to
establish a hygiene barrier:

1. Choose a spot about 10m away from the carcass to set up your hygiene barrier
2. Leave everything that you don’t need for carcass swabbing at the barrier (e.g. your backpack)
3. Leave one of the rubbish bags open at the hygiene barrier (fold over the edges)
4. Leave the 50ml tube with 1% bleach open at the hygiene barrier (in a rack for stability)
5. Put on PPE (first pair of gloves, goggles, mask, sleeves, second pair of gloves)
6. Tape the second pair of gloves to the sleeves (don’t make the tape too tight and fold over the end

to make it easy to remove)
7. Take the sampling equipment and one rubbish bag to the carcass

c) Sampling

Once you have the sampling material and general equipment in hand and have established your hygiene
barrier, you are (almost!) ready to sample from the carcass. Before you sample from the carcass, please enter
the relevant data into the CyberTracker application ‘BonDiv_sample’.

You should decide before you swab the carcass how many samples you will collect and from where, assign a
sample number, and label the vials. Information that should be included for each carcass includes:

o Species
o GPS coordinates
o Sample_id
o Date found
o Date sampled

o Person doing the sampling
o State of decomposition
o Age, Sex (if identifiable)
o Swabbing type (mouth, nose, genital, rectal, wound

swab…)

1. First, decide which body sites you are going to sample. You can sample more than one from the carcass.
These can include (some, or all):
o Body orifices: mouth, nose, rectal..
o Holes in carcass giving access to body cavities
o Wounds

2. Before sampling an orifice, mark each cryotube with the info described above.
3. Swab the intended sampling site using the cotton swab. You don’t need to be too gentle and can be sure

to load the swab with as much sample material as possible. During the sampling process, be sure that
you only touch the carcass with the cotton swabs, and not with your hands or other body parts.

4. Place the swab in the 2ml cryotube containing RNAlater, and break off the tip of the swab into the tube.
Close it very well.
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5. Repeat for each orifice that you sample (two samples for each orifice, as we need the samples
duplicated).

6. If you would like to collect some of the bones later, cover the carcass with some soil, but in such a way
that there are some passages for flies or ants to consume the meat. Mark the place with flagging tape so
it can be found some weeks/months later.

7. If you find any maggots/larvae, transfer a few of them into a tube with RNAlater using a pair of
tweezers (tweezers need to be cleaned with 1% bleach after every use). Close the tube and shake it
vigorously. Store it in a cool dark place (Zarges box).

d) Clean-up and disinfection

Once you have sampled from the carcass, you should contain all rubbish in a safe manner for proper disposal.
1. Put rubbish from sampling into the prepared first rubbish bag you brought with you to the carcass.
2. Carry the cryotubes and rubbish bags to the hygiene barrier. Without touching the open 50ml tube (at

all!!), put the cryotubes into the open 50ml tube with 1% bleach as disinfectant
3. Take off the overshoes (if you have any), the first pair of gloves, and the sleeves and place them into the

first rubbish bag.
4. Now you are left with the clean first pair of gloves
5. Close the 50ml tube (cryo tubes should be in bleach for at least 15 minutes to ensure disinfection. If left

longer, the bleach could delete the marker. It may last until you are in camp, but make sure that you
relabel the tube when in camp if needed. It is safer to not leave them for more than 15min).

6. Close the first trash bag without touching the insides and place it in the second rubbish bag that you had
left at the hygiene barrier

7. Disinfect your gloves with bleach from the 15ml tube
8. Wipe 50ml tube containing samples with disinfectant from 15ml tube
9. Take off your goggles and wipe with disinfectant from the 15 ml tube
10. Take off your mask without touching your face and throw it away into the second bag
11. Take off your gloves and throw them away in the second bag
12. Close the second rubbish bag without touching the inside of the bag
13. Disinfect your hands
14. Transport samples and rubbish back to camp. Carry the rubbish carefully, ensuring that you do not rip

the bag containing the rubbish. Upon arriving in camp, burn the rubbish immediately.
15. Disinfect the outside of your boots overnight in bleach and wash your clothes in bleach.

e) Sample Storage

Once you are back in camp, wearing gloves, remove the samples from the 50ml tube, and dry them with paper
towels/toilet paper, if the label is bleached redo the labeling. Tubes are now disinfected and should be placed
in biohazard seal bags and stored in a cool, dark place (locked Zarges box).
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32. Bones

In case of finding a bonobo skeleton in the forest, try your best to get as much of the skeleton as possible.
Please record the sex of the individual (often not visible shortly after death) and the approximate age (infant,
juvenile, adult) at death if it is known. A full skull or even a complete skeleton of a bonobo is of enormous
value. Please make an effort to get as many bones as possible and to get as much information on their origin
too (where the animal was killed, in which year). If for some reason a whole skull is not possible, then try
pulling a tooth to get a molar out with an intact root (with enough wiggling any tooth will come out). But
Please remember to never pay for any bushmeat. Bones should not be treated with any chemical or processed
in a way other than simple drying, as it will interfere with genetic analyses.

If the carcass is not yet decomposed:

1. Follow carcass-swabbing protocol!
2. Cover the carcass with some soil, but in such a way that there are some passages for flies or ants to

consume the meat. Mark the place with flagging tape so it can be found some weeks/months later.
3. After a few weeks or months, depending on the stage of decomposition, come back to the carcass to

retrieve some of the bones following the protocol described above.

*Bones should NEVER be touched and handled without wearing appropriate
protective clothing and following the below precautions*

Material needed:

General equipment
- GPS and extra batteries
- Data collection phone with 'recce&opportunistic' application (CyberTracker program), if not found
during transects

- marker (minimum two)
PPE (personal protective equipment)
- safety goggles
- FFP3 mask
- 2 pairs of gloves
- 1 pair of sleeves
- long pants
- tape
- overshoes if available/ rubber boots

Clean-up and disinfection
- sterillium or 95% ethanol
- rack for 50ml tubes
- paper towels/ toilet paper
- 2 small rubbish bags

Sampling materials (for each planned sample collected):
- tweezers
- 2ml cryotube with 1.0ml RNAlater (pre-made)
- tubes/ biohazard bags
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a) Prepare the disinfectants

Prepare a 15ml vial of fresh 1% Bleach (or 95% Ethanol) for hand and surfaces disinfection
- Make a fresh 1% dilution from the 3% bleach in camp by adding 4ml of undiluted bleach (3%) + 8 ml of

water. To prepare a kit to have always with you, add 4ml of undiluted bleach (3%) in a 15ml tube and add
the 8ml water in the field.

- 95% ethanol can be used for hand disinfection instead of 1% bleach.

b) Preparations (in the field): as explained in swabbing sampling
c) Sampling

Take a GPS coordinate of the location where the bones were found and write down some notes (e.g. date,
vegetation, any obvious signs re: cause of death, any other bones/carcasses found in the area?)

If you find any maggots/larvae on the bones, transfer a few of them into a tube with RNAlater using a pair of
tweezers (tweezers need to be cleaned with 1% bleach after every use). Close the tube and shake it vigorously.
Store it in a cool dark place (Zarges box).

Use tweezers (cleaned with 1% bleach after every use) to transfer all bones you can find including the skull
into a Biohazard bag, add a piece of the absorbent tissue and close it properly. If a Biohazard bag is not
available, take strong plastic bags. For very small bones you can also use the 50ml tubes.

d) Clean-up and disinfection: as explained in swabbing sampling.

Differences: as bones will not be collected in cryotubes, containers can not be submerged in disinfectant.
Disinfect the exterior of the bags or tubes containing the bones with 1% fresh bleach at least three times, and
introduce them in Ziploc bags.
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33. Other opportunistic samples

Materials needed for collection

- GPS and extra batteries
- Data collection phone with 'recce&opportunistic' application (CyberTracker program), if not found during
transects

- Gloves
- 15ml /50ml tubes
- 80% ethanol
- Ziploc bag
- Paper bags
- Silica
- Marker (minimum two)

Whenever you find a new observation such as feathers, snake skin, snail shells (EMPTY shell of dead snail),
mushrooms, algae, etc. when walking in the forest record these data using the recce application (under
opportunistic data type), collect the samples and enter the info in the sample application. Record the
corresponding data as always, such as habitat type, GPS coordinate, and date.

Item to collect How to store it

other insects
dry with silica (isotopes)

in a tube with 80% ethanol (macronutrients &
identification)

algae
in ethanol (macronutrients & identification)
dry with silica (isotopes) and in a tube with its

water (isotopes)

snail shell 15/50ml tubes with silica

snake skin envelope (inside a bag with silica)

feathers envelope (inside a bag with silica)
Table 64: example of opportunistic samples and how to store them

Direct or indirect observation of new mammal species which had not yet been identified through line and strip
transects should also be noted in 'BonDiv_recce->opportunistic' application with the GPS coordinates, time,
date, and habitat type.
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34. Information service

Part of the BonDiv network project is the creation of an information service using simple indicators for
informing about wildlife status, existing and emerging threats, and demand pressure for wildlife, in particular,
related to protected or key species, that offers regular transfer of relevant information about wildlife trafficking
and species occurrence to law enforcement and wildlife agencies, i.e. ICCN, collaborating local organizations
and provincial authorities. Field data about threatened species, humans, and other key species will be shared
through an online platform that will be available in real-time and updated monthly, and aggregated data from
the social interviews will be included in the platform when available.

The species to be included in the information service platform will be discussed during the initial workshop
with the local organizations and authorities. Field data will be shared with the coordinator via InReach every
month and via email every three months, moment when the platform will be updated.

Once you arrive in the province where your site is located you will need to meet with provincial authorities to
explain to them the structure and goals of the project, and the creation of this platform. This meeting will be
reported on the ‘report on site-base workshop with the local community’ (see the template in
Folder_structure\SiteCode\Data\Reports).

With help of the local organization, you will need to identify three key villages around your field site. Initial
site-based workshops to bring together the community on-site will be performed at each of the three sites. You
will learn what has been done in the area, and explain the project, including the social interviews that will be
done at their villages. During this site-based workshop, you will need to identify one person from each village
to perform the social interviews four times during the next 12 months. Ideally, it should be someone educated,
respected by the population, able to read and write in french, and from the local community (school teachers or
nurses are good candidates). Interviewers will collect data on the same 10 families four times during one year.
If there are not three villages close to your site, increase the number of families interviewed in the other
villages, to have always 30 families interviewed next each research site. Every time you or someone from your
field team pass by those villages, collect the data of the surveys performed and solve any doubts that
interviewers may have. Data from those surveys need to be digitized (by taking pictures of them) to have both
backups of the papers and electronic versions. Information about the workshops in the three villages around
your field site will be also included in the ‘report on site-base workshop with the local community’ (see the
template in Folder_structure\SiteCode\Data\Reports).
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