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A B S T R A C T   

Citizen science has become a powerful tool for gathering data, and the validity of these data should be tested. The 
accuracy of a citizen science database used to monitor the polyphagous shothole borer (PSHB) (Euwallacea 
fornicatus) (Coleoptera: Curculionidae: Scolytinae) infestation in a suburb of the city of Johannesburg was 
assessed. Out of 785 trees surveyed by the citizen scientists, 157 trees (20%) were selected as a validation data 
set to confirm the tree identity, tree health status and level of PSHB infestation. A chi-square (χ2) test was 
performed to examine whether there was a significant agreement between the citizen scientists’ and researcher’s 
data used for the classification of the tree infestation, tree health status and PSHB infestation holes. A Cohen’s 
kappa coefficient was calculated to determine the level of agreement between the two different sources of data, 
for the infested parts (trunk, main branches, and canopy branches) of the trees surveyed and PSHB infestation 
signs. The two surveys showed no significance difference for classifying tree health status and PSHB infestation 
holes. There was a high level of agreement between citizen scientists and the researcher ratings for measures of 
PSHB infestation (kappa values ranging between 0.71 and 0.89) and the level of agreement was significant. In 
conclusion, citizen science allowed us to obtain a large quantity of data at a low cost that correlated with the 
researchers’ validation dataset. Citizen science is a useful method for monitoring PSHB in a diverse urban forest 
in trees that show obvious signs of infestation.   

1. Introduction 

Trees are an important component of urban ecosystems providing 
several ecosystem services such as an aesthetic beauty for urban 
dwellers. In cities, trees act as habitats for birds and insects, as well as a 
filter for atmospheric carbon (Zhao et al., 2010). On the other hand, 
urban forests can play a major role in the introduction and or estab
lishment of non-native pests (Branco et al., 2019). In cities, invasive pest 
species can lead to economic loss and reduced quality of life if trees are 
infested and lost (Francis and Chadwick, 2015). However, the rate of 
detection of invasive forest pests decreases as one moves away from 
cities due to changes in vegetation diversity (Branco et al., 2019). Ac
cording to Poland and Rassati (2019), urban trees are more prone to 
abiotic stress, rendering them more susceptible to insect attack. Despite 
the important contribution of urban forests, there are often challenges in 
maintaining them because of this threat from invasive exotic pests, thus, 
it is necessary to develop strategies to protect urban forests. These will, 

however, depend on effective tree surveys using various methods to 
determine the spatial and temporal distribution of trees hosting a pest or 
disease to prioritize intervention measures and curb any spread. One 
such widely used method to gather scientific data on invasive species is 
‘citizen science’ (Weckel et al., 2010). 

The Polyphagous shot hole borer (PSHB) (Euwallacea fornicatus) 
(Coleoptera: Curculionidae: Scolytinae) is an invasive beetle native to 
Southeast Asia. It affects both native and exotic trees across the world 
(Eskalen et al., 2013; Umeda et al., 2016). In South Africa, PSHB is 
threatening both native and exotic trees countrywide (Paap et al., 2018; 
Potgieter et al., 2024; Townsend et al., 2024). The PSHB shares a sym
biotic relationship with a fungus called Fusarium euwallaceae, and this 
fungus is the source of food for the beetle larvae and adults (Umeda 
et al., 2016). Trees attacked by the PSHB are classified either as 
non-reproductive or reproductive hosts. Non-reproductive hosts are 
those trees attacked by the PSHB but in which it cannot complete its 
lifecycle, while reproductive hosts allow the beetle to complete its 

* Corresponding author. 
E-mail address: mfmudede@gmail.com (M.F. Mudede).  

Contents lists available at ScienceDirect 

Urban Forestry & Urban Greening 

journal homepage: www.elsevier.com/locate/ufug 

https://doi.org/10.1016/j.ufug.2024.128368 
Received 24 September 2023; Received in revised form 5 April 2024; Accepted 14 May 2024   

mailto:mfmudede@gmail.com
www.sciencedirect.com/science/journal/16188667
https://www.elsevier.com/locate/ufug
https://doi.org/10.1016/j.ufug.2024.128368
https://doi.org/10.1016/j.ufug.2024.128368
https://doi.org/10.1016/j.ufug.2024.128368
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ufug.2024.128368&domain=pdf
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/


Urban Forestry & Urban Greening 97 (2024) 128368

2

lifecycle (Eskalen et al., 2013). There are 130 identified host trees, with 
48 being reproductive hosts and 82 being non-reproductive hosts in 
South Africa (Van Rooyen et al., 2021). Some of the known reproductive 
hosts include Acer buergerianum, Acer negundo, Platanus x acerifolia, 
Quercus robur and Quercus palustris (Paap et al., 2018; Van Rooyen et al., 
2021). Once a PSHB attacks a host, it reduces the movement of water, 
which causes wilting, branch dieback and often eventual death of the 
infested branch or tree (Mendel et al., 2012). Some of the common 
symptoms of PSHB attack include stains at entrance holes, frass or white 
powdery substance on the tree trunk, and wilting (Eskalen et al., 2013). 
The size of the PSHB entrance hole is less than 1 mm in diameter. This is 
where the dispersing female beetle gnaws her way into the tree. It re
quires many actions to monitor spread of the beetle, but the first is to 
measure the extent and distribution of the infestation using the presence 
of the entrance hole as confirmation of PSHB presence. Currently, 
mapping of the beetle is done using traditional field methods, and the 
involvement of citizen scientists is crucial since most of the city trees 
attacked by PSHB are found in urban neighbourhoods. The spread of 
PSHB in urban environments is increasing, and its effects are likely to be 
detrimental. 

Citizen science (CS) refers to the participation of public in data 
collection for scientific investigations (Silvertown, 2009; Hulbert et al., 
2019; Miller-Rushing et al., 2012) and for finding scientific solutions to 
large-scale ecological problems (Horvath and Cameron, 2015). Ac
cording to Bird et al. (2014) citizen science can be defined as an inten
tional participation of the public in scientific research. This practice can 
be considered as informal science since it involves both research and 
education. Usually, citizen science projects involve a collaboration be
tween citizen scientists and professional scientists (Larson et al., 2020). 
Citizen science has gained wide popularity in many scientific and 
ecological field applications globally (Cohn, 2008; Crow et al., 2020; 
Falk et al., 2019; Hulbert et al., 2019). Traditional methods for urban 
vegetation monitoring are often constrained by insufficient time and 
resources to cover a wide geographical area (Malek et al., 2018). Some 
scholars have suggested citizen science as a potential source of data for 
detection of invasive species and mapping their current distribution 
(Silvertown, 2009; Larson et al., 2020; Werenkraut et al., 2020; Dick
inson et al., 2010; Crow et al., 2020). The citizen science approach has 
been practised for at least the last two decades and since its inception has 
become a powerful tool for public engagement as well as for gathering 
useful data (Silvertown, 2009; Horvath and Cameron, 2015; Ryan, 2015; 
Pocock and Evans, 2014; Miller-Rushing et al., 2012). Thus, citizen 
science can function as a binding initiative to close the gap between 
scientists and members of a community. 

In South Africa there are several successful ongoing citizen science 
projects (Hulbert et al., 2019). Among these are the Iimbovane Outreach 
Project (collection and identification of ants) and the rePhotoSA 
(collection of historical landscape photographs) (Hulbert et al., 2019). 
The biggest citizen science project in Southern Africa is the Bird Atlas 
Project (SABAP) for monitoring bird distribution (Barnard et al., 2017). 
Other examples of citizen science projects from the rest of the world that 
provide useful information for monitoring pests and diseases include the 
LIFE ARTEMIS in Slovenia and Observatree in the UK (Crow et al., 
2020). In Canada, a citizen science initiative known as Forest Health 
Ambassador Program in Oakville-Ontario provides records for early 
detection of invasive pests in urban forests (Emerald ash borer, Gypsy 
moth and Asian longhorned beetle) (Barker et al., 2018). Similarly, the 
citizen science project by the Lower Houghton Residents Association 
(LHRA) in Johannesburg has recorded PSHB infested trees in their 
neighbourhood and provided relevant authorities with georeferenced 
data on the PSHB infestation in one suburb of Johannesburg. 

Citizen science initiative gives more time to investigators to gather 
more data through engagement with volunteers compared to individual 
surveys (Horvath and Cameron, 2015). The incorporation of techno
logical platforms such as the internet and smartphones, allows citizen 
science to become an inexpensive, large data gathering technique 

(Steininger et al., 2015). Although, there are different approaches to 
citizen science, the key is to provide valuable quality data for scientific 
research and or monitoring (Roman et al., 2017). Often, residents are 
more or less ‘custodians’ of their local green spaces through participa
tion in tree planting as well as maintaining street trees (Ryan, 2015). 

The major drawback of citizen science is, however, lack of adequate 
skills of participants compared to professional biologists and scientists 
(Dickinson et al., 2010). Citizen scientists differ in experience and type 
of training and such inadequacies can contribute to error or bias 
(Dickinson et al., 2010; Baker et al., 2019). Most common identification 
errors from citizen science projects are attributed to lack of adequate 
experience among participants, complex sampling procedures and 
training effectiveness (Gardiner et al., 2012). In most cases citizens 
involved in the scientific data collection are not rewarded financially 
(Cohn, 2008), but rather are simply interested in the topic under 
investigation. 

The citizen science approach has been successfully applied in inva
sive species identification, mapping distribution and abundance esti
mation (Crall et al., 2011). Through participation in citizen science, it 
has been noted that experts identified tree species more accurately than 
citizen scientists (Crall et al., 2011). Conversely, genus and tree species 
identification by citizen scientists was reported to be highly consistent 
with experts (Roman et al., 2017). Other studies have also reported a 
high level of agreement between citizen scientists and experts for species 
identification (De Felici et al., 2021; Kosmala et al., 2016). Usually 
different experience levels contribute to species misidentification (Crall 
et al., 2011). A study by Crow et al. (2020) showed that volunteers in the 
UK and the Slovenia successfully identified pests and diseases from their 
observations; however, ambrosia beetles of Xylosandrus spp. were not 
easily identified, and for further identification were sent to experts. 
Citizen science data can have some bias; species may exhibit different 
detection probabilities based on their abundance and behaviours 
(Redolfi De Zan et al., 2023). For example, in Italy, Osmoderma spp. 
beetle was deemed less suitable for monitoring by citizen science 
because of its low probability of detection by non-qualified entomolo
gists (Redolfi De Zan et al., 2023). Thus, citizen science data, once 
validated by experts and researchers can contribute to increased 
knowledge of tree pests or disease identification and broader manage
ment actions. 

This research marks the first attempt to test the efficacy of a citizen 
science-based approach for monitoring PSHB in the City of Johannes
burg’s urban forest in South Africa. Here, we asked a question; can cit
izen science aid in mapping and monitoring the PSHB infestation in an 
urban forest? The aim of this research was to assess the value of an 
existing citizen science database to monitor the PSHB infestation in the 
City of Johannesburg by validating citizen scientists vs. researcher data. 
If sufficiently accurate, then the method can be used for broad-scale 
monitoring of the extent and impact of the beetle on the city’s urban 
trees. 

2. Materials and methods 

2.1. Study area 

The study was conducted in the Houghton Estate residential suburb 
(26.1649◦ S, 28.0625◦ E) (Fig. 1) of the city of Johannesburg (CoJ) in 
Gauteng Province, South Africa. This suburb was selected based on the 
presence of trees showing evidence of beetle attack and interest from the 
residents in participating in a citizen science initiative. The City of 
Johannesburg is known to have one of the largest urban forests in the 
world, with approximately 10 million trees (Hardy and Nel, 2015). 
Johannesburg’s urban forest is diverse and constitutes exotic trees like 
Jacaranda, London Planes, Oaks and Eucalyptus (Turton et al., 2006). 
Most of the trees in the CoJ are found on pavements, public parks and 
private gardens (Schäffler and Swilling, 2013). 
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2.2. Citizen scientists 

Adult volunteers (10) participated in the PSHB infestation field data 
collection. The level of knowledge of the citizen scientists who partici
pated in the tree survey varied widely and was not quantified in this 
study. An expert entomologist trained two citizen scientists, and these 
two citizen scientists further trained the other eight citizen scientists. 
Citizen scientists were trained how to identify trees, classify PSHB 
infestation holes and assess tree health status. Citizen scientists were 
also trained on how to record data on PSHB scars which are obvious as 
distinctive brown oozing stains on the trunks of trees with smooth bark. 
These stains are more difficult to discover on rough-barked species. 
Before, becoming involved in monitoring the PSHB beetle, Houghton 
residents wanted to understand the extent of the problem and to take 
some sort of action to prevent the loss of their street trees. Volunteers 
included people living in the Houghton Estate who were interested in 
monitoring trees infested by PSHB beetles. Most volunteers who 
participated in data collection belonged to the Lower Houghton Resi
dents Association (LHRA). Data recorded are detailed in Section 2.3 
below. No reward in the form of financial benefit was provided to the 
volunteers who participated in data collection. The participants recor
ded data on foot using handheld global positioning system (GPS) devices 
and smartphones to collect GPS positions for each tree surveyed. Citizen 
science data (CSD) was collected between September 2019 to September 
2020 covering an area of 6.94 km2. 

2.3. Field data collection 

Tree species, circumference, tree height, GPS location and status of 
PSHB attack (infested or non-infested) were recorded for each tree 

surveyed. However, some of the tree species were not identified 
correctly to their species level by the citizen scientists. In such a case 
both the trees local name and scientific name were recorded with a 
question mark (?). Those species not correctly identified to species level, 
were recorded based on their genus name. A tree was defined as a 
perennial woody plant with many secondary branches supported by a 
single main trunk with clear apical dominance (Richardson and 
Rejmánek, 2011). The researcher had prior knowledge of the area and 
the streets surveyed by the citizen scientists through visualising them on 
Google Earth Pro and Google Street View. This was done primarily to 
plan the routes for the survey. Furthermore, the researcher possessed 
knowledge of PSHB and the trees found in the area from training done 
with an expert plant pathologist conducted in nearby suburbs, where 
PSHB infested trees were surveyed. However, the researcher did not 
know the tree identity or health status assigned to a tree by the citizen 
scientists. 

To validate the accuracy of citizen science data in this study, the 
researcher adopted the method of Hallet and Hallet (2018) by selecting 
20% (n = 157) of the 785 original trees surveyed by the citizen scien
tists. These validation trees were randomly selected by random number 
generation in Microsoft Excel. The GPS points were then loaded into a 
Garmin etrex 10 device and a Vivo y12 smartphone. Using Google Maps 
on mobile, the selected trees were surveyed in Houghton Estate in 
September 2022. The validation points were loaded into the free soft
ware Google Earth Pro (http://www.google.com/earth/download/g 
ep/agree.html) for visualisation. 

During data collection by citizen scientists, trees were assessed for 
evidence of PSHB attack, and recorded as infested or non-infested. 
Within the infested class, dead trees were also noted, and these were 
defined as having dry canopy branches and with PSHB entrance holes. 

Fig. 1. Map of South Africa showing Gauteng Province and location of Houghton estate (red dot) (a), A map of Houghton Estate showing locality of trees surveyed by 
citizen scientists (red X) and black triangles representing ground truthing points of trees used as validation points (b), A map of part of Houghton Estate showing the 
roads (5th and 6th avenues) along which trees were surveyed for PSHB (c). 
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The researcher was trained by Dr Trudy Paap to recognise PSHB. An 
entry hole with a diameter of 0.85 mm, comparable to that of the tip of a 
toothpick; along with other signs such as frass and oozing, confirmed the 
evidence of the PSHB. Entry holes caused by other pests were noted and 
recorded as "others". The infested class was further divided into three 
levels based on the parts of the tree attacked, trunk, main branches and 
or canopy branches. All trees were also scored into tree health classes 
(Table 1). 

Oozing and frass were classified using three ratings: major, minor 
and none. Oozing is identified by watery-like jelly on entrance holes 
(Fig. 2; photo A). Frass was identified as a powdery residue or sawdust, 
or noodle-like excreta or on tree bark (Van Rooyen et al., 2021). The 
three classes were distinguished based on a visual assessment of the 
quantity of frass or oozing on the trunk, the main branches or the canopy 
branches. Examples of signs of frass are shown in Fig. 2 (Photos B and C). 
Severity of PSHB attack on trees was recorded by counting the number of 
holes on tree trunks in an A5 sized quadrat (315 cm2) at 1.3 m (breast 
height) above ground level on the side of the tree facing the road. Counts 
of PSHB holes were classified into one of five classes (Table 2). If there 
were no obvious signs of PSHB entrance holes on a tree, such tree was 
recorded in class 1 as zero holes (not visible). 

2.4. Data analyses 

A chi-square (χ2) test of independence was performed to evaluate 
whether there was a significant association between citizen scientists’ 
data (n = 157) and researcher data (n = 157) for classifying tree 
infestation, tree health status and PSHB infestation holes. We examined 
the level of agreement between the citizen scientists and researcher’s 
data to evaluate whether citizen science data is reliable for monitoring a 
PSHB infestation based on infested parts of the tree (trunk, main 
branches, and canopy branches) and infestation sign (oozing and frass). 
A confusion matrix was produced, with producer accuracy, user accu
racy, and overall accuracy using Microsoft excel software. Overall ac
curacy was calculated as the diagonal total of all correctly classified 
trees divided by size of the sample (n = 157). This overall or percent 
agreement can also be called recorder success (Falk et al., 2019). Butt 
et al. (2013) and De Felici et al. (2021) suggest treating expert 
(researcher) observations or data as correct. The Cohen’s kappa coeffi
cient of agreement was then calculated to determine the level of 
agreement between citizen scientists and researcher scoring for PSHB 
infestation. The kappa coefficient is a mathematical measure that gives 
the level of agreement between two datasets (Cohen, 1960). The Cohen 
kappa was used because it is a measure of agreement that considers 
chance agreement between two raters as a result of uncertainty (Cohen, 
1960). When interpreting the kappa coefficient, kappa rating standards 
proposed by Landis and Koch (1977) (Table 3) were used. Statistical 
analysis for the χ2 test and Cohen’s kappa were performed using SPSS 
version 28, at 5% level of significance. 

3. Results 

A total of 785 trees were surveyed by citizen scientists in Houghton 
Estate. Of these, 157 trees (20%) were randomly selected for validation 
to confirm the level of PSHB infestation signs, PSHB holes, tree health 

assessment and tree identity. There was a total of 33 tree species in the 
citizen scientists’ and the validation data (n = 157). Platanus x acerifolia 
and Celtis africana were the commonest species with 23.4% and 9.5% 
respectively as recorded by citizen scientists. Species identification by 
citizen scientists was consistent with the researcher and the level of 
agreement was high (Table 4). Three species namely Harpephyllum 
caffrum, Ficus natalensis and Brachychiton acerifolius had been labelled by 
the citizen scientists as unknown. There was no significance difference 
between the two surveys for classifying tree health (χ2 = 2.6; p = 0.5) 
(Fig. 3). 

Citizen scientists found that 113 of the 157 trees (72%) surveyed 
were non-infested, and 44 (28%) trees were infested, while the 
researcher reported 109 trees (69%) as non-infested, and 48 trees (31%) 
as infested by the PSHB. Results of the χ2 test showed that there was no 
significant difference between the citizen scientists and researcher 
identification of tree infestation (χ2 = 0.246; p = 0.620). The trees 
recorded were also assessed for the level and location of the infestation 
by recording signs of PSHB on the trunk, the main branches, and the 
canopy branches. For the citizen scientists’ data, 44 trees (28%) and 27 
trees (17.2%) exhibited signs of PSHB on the trunk and main branches 
respectively. Whereas the researcher data showed that 48 trees (30.6%) 
were infested on the trunk, 36 trees (22.9%) on the main branches and 2 
trees (1.3%) on the canopy branches. Three dominant species namely 
Platanus x acerifolia, Betula pendula and Quercus robur were attacked by 
PSHB on trunks and main branches as noted by citizen scientists and the 
researcher. Furthermore, Platanus x acerifolia was the only species 
showing signs of PSHB attack on the canopy branches from the 
researcher data. 

The citizen scientists’ classification of tree infestation on the trunk 
showed a strong agreement with the researcher’s validation data (p <
0.001) (Table 5). Again, citizen scientists and researcher data for 
infestation rating on the main branches showed a substantial agreement 
between the two surveys (p < 0.001) (Table 5). When classifying trees 
infested on the canopy branches, the kappa coefficient showed no 
agreement and p value was insignificant (p > 0.05) because no trees 
were recorded as infested by citizen scientists. When classifying a PSHB 
infestation sign as oozing and frass the citizen scientists and researcher 
level of agreement was significant (Table 6). The overall accuracies were 
close to 100% meaning that the citizen scientists’ rating was highly 
consistent with that of the researcher (Table 6). Results of the χ2 test 
showed that there was no significance difference between citizen sci
entists’ and researcher ratings’ for PSHB infestation holes (χ2 = 4.9; p =
0.3) (Fig. 4). 

4. Discussion 

This study explored how citizen science derived data can be of sig
nificance in mapping and monitoring a PSHB infestation with the un
derlying assumption that the citizen science can yield sufficient 
information to help urban forest managers to develop a better under
standing and management plans. The results revealed a high level of 
agreement between the two different sources of survey data for species 
identification and provided equally accurate observations of PSHB 
infestation levels. Citizen scientists were given training in tree identifi
cation before surveying the street trees for PSHB monitoring, which 
could have contributed to the high accuracies of matching identifica
tions. In addition, the PSHB has been well publicised, therefore there are 
many online resources available to assist with identification (www.fa 
binet.up.ac.za/pshb). Similarly, Berland et al. (2019) found a high 
level of agreement between volunteers and expert for species identifi
cation of Oak, Platanus, Acer and Liquidambar, although they compared 
level of agreement between 16 volunteers and experts, intermediate, 
and novice analyst groups as opposed to the comparison made between 
citizen scientists and a researcher in this study. Fuccillo et al. (2015) 
showed that citizen scientist observations were consistent with expert 
observations with an overall accuracy of 91% for identifying 19 tree 

Table 1 
Tree health assessment and rating used for 
surveying PSHB infestation on trees in Houghton 
estate by citizen scientists and the researcher.  

Class Definition  

1 Vigorous/ healthy  
2 Ailing  
3 Visible dieback  
4 Dead  
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species. Our findings concur with a study by De Felici et al. (2021) on 
assessment of butterfly species identifications and geographic location 
based on Italian Forums of Natural Science in Italy and found a high 
level of agreement (96.9%) between citizen scientists and expert 
taxonomist ratings. Citizen scientists were supposed to identify 248 
species of which they misidentified three species, and two species 
couldn’t be validated by experts. This is because butterflies are easy to 
differentiate using colour, and specialised parts like wings and legs. A 
different study by Kosmala et al. (2016) showed 98% level of agreement 
between citizen scientists and experts for 4000 images classifications 
obtained from photographic traps placed in the Serengeti National Park. 
Plane trees have distinctive bark, leaves and fruit, and constituted the 
majority of trees in Houghton, which may be why the researcher and 
citizen scientists agreed in their identification. 

The findings from this study showed that citizen scientists provided 
high-quality data, largely in agreement with the researcher dataset in 
identifying trees with PSHB. A study by Roman et al. (2017), showed a 
citizen science data set was consistent with that of an expert for rating 
tree dieback in urban street trees in Sweden. Also, PSHB is a pest that 
people can see because the holes are easy to identify on infested trees, 
especially on Platanus x acerifolia which has smooth bark. The citizen 
scientists reported no PSHB infestation on the canopy branches which 
might be attributed to their failure to distinguish between the main 
branches and the canopy branches. However, there was a low proportion 
(1.27%) of trees infested on the canopy branches and this could be a 
result of an increase in PSHB infestations since the citizen scientists’ data 

was collected in 2020 suggesting that the beetle is spreading within the 
attacked trees. Fuccillo et al. (2015) suggested that citizens scientists 
and experts should collect data on the same day to reduce bias of 
different sampling times. This study also revealed Platanus x acerifolia as 
one of the major trees targeted by the PSHB and this conforms with an 
earlier study by Paap et al. (2018) that reported the first incidence of 
PSHB in South Africa on the same tree. 

Validating observations from citizen scientists is difficult since in 
most cases there is no feasible way of accounting for errors because of 
sampling bias. Additionally, misidentification of tree species can be 
difficult to account for when data is collected by many citizen scientists. 
The findings from this study showed that three trees namely Harpe
phyllum caffrum, Ficus natalensis and Brachychiton acerifolius were not 

Fig. 2. Bark of Platanus x acerifolia (A), Acer negundo (B) and Acer buergerianum (C) infested by the PSHB showing entrance holes, signs of oozing and frass.  

Table 2 
PSHB entrance holes rating classes used for surveying trees in 
Houghton estate by citizen scientists and the researcher.  

Class Number of holes/ 315 cm2 quadrat  

1 0 holes (not visible)  
2 1–10 holes  
3 11–20 holes  
4 21–50 holes  
5 >50 holes  

Table 3 
Description of kappa values according to Landis and Koch (1977).  

Kappa coefficient value Level of agreement 

≤ 0.00 poor or no agreement 
0.01–0.20 slight 
0.21–0.40 fair 
0.41–0.60 moderate 
0.61–0.80 substantial 
0.81–1.00 almost perfect  

Table 4 
Trees species surveyed by citizen scientists that were re-examined by the 
researcher (n =157) to validate their identity and % level of agreement.  

Species Citizen scientists researcher % agreement 

Acacia mearnsii  3  3  100 
Acacia sieberiana  1  1  100 
Acer buergerianum  2  2  100 
Ailanthus altissima  1  1  100 
Betula pendula  7  7  100 
Harpephyllum caffrum  0  1  0 
Buddleja saligna.  2  2  100 
Butia capitata  7  7  100 
Cedrus deodara  1  1  100 
Celtis africana  15  15  100 
Combretum erythrophyllum  1  1  100 
Cupressus spp.  10  10  100 
Coprosma repens  1  1  100 
Cussonia spicata  2  2  100 
Eugenia spp.  2  2  100 
Ficus natalensis  0  1  0 
Brachychiton acerifolius  0  1  0 
Jacaranda mimosifolia  9  9  100 
Ligustrum vulgare  1  1  100 
Liquidambar styraciflua  7  7  100 
Liriodendron tulipifera  7  7  100 
Melaleuca bracteata  4  4  100 
Melia azedarach  2  2  100 
Morus alba  1  1  100 
Ocotea bullata  3  3  100 
Pinus patula  15  15  100 
Platanus x acerifolia  37  37  100 
Populus nigra  1  1  100 
Quercus palustris  1  1  100 
Quercus robur  3  3  100 
Styphnolobium japonicum  1  1  100 
Viburnum sinensis  4  4  100 
Ulmus parvifolia  3  3  100 
Total  154  157    
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correctly identified to species level by the citizen scientists. With 
researcher resampling of the citizen science data the error was cor
rected, and this highlighted the importance of citizen science data 
validation. A study by Gardiner et al. (2012) revealed lack of training 
and sampling protocol complexity as contributing factors to identifica
tion errors. The PSHB beetle in the city of Johannesburg is spreading, 
therefore citizen science remains a useful method for providing high 
quality data for monitoring and management purposes. Additionally, 
the utilization of other free available platforms like iNaturalist will aid in 
monitoring and management of PSHB spread of in urban forests (Pot
gieter et al., 2024). 

5. Conclusions 

In conclusion, engaging the public in science is becoming a key 
aspect of obtaining scientific data, yet the validity of the data remains 
debatable. This citizen science project in the Houghton Estate residential 
area marks the first initiative dealing with the public in monitoring the 

PSHB beetle in Johannesburg. It allowed us to obtain a large quantity of 
data at a low cost that correlated well with a researchers’ validation 
dataset. Findings from the citizen science approach will aid in man
agement of the Johannesburg city’s urban forest and further research. 
Overall, our study showed that a citizen science approach is a useful 
method for monitoring a PSHB beetle attack in a diverse urban forest. 
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Fig. 3. Total number of trees classified by the citizen scientists’ (n =157) and the researcher’s validation (n = 157) surveyed for tree health status.  

Table 5 
Cross tabulation comparison of the level of agreement between the citizen scientists and researcher’s rating for PSHB signs of infestation on tree trunk, main branches, 
and canopy branches; OA- overall accuracy.   

Class Researcher  

Non-infested Infested Total Producer’s accuracy (%) User’s accuracy (%) 

Citizen scientists Trunk Non-infested  104  9  113  95.41  92.04 
Infested  5  39  44  81.25  86.64 
Total  109  48  157  OA = 91% kappa = 0.89, p < 0.001 

Main branches Non-infested  120  10  130  99.17  92.31 
Infested 1  26  27  72.22  96.30 
Total 121  36  157 OA = 93% kappa = 0.78, p < 0.001 

Canopy branches Non-infested  155  2  157  100  98.73 
Infested 0  0  0  0  0 
Total 155  2  157 OA = 99% kappa = 0.00, p = 1.00  

Table 6 
Cross tabulation comparison of level of agreement between citizen scientists and researcher’s rating for PSHB infestation signs (oozing and frass); OA- overall accuracy.   

Class Researcher 

Major Minor None Total Producer’s accuracy (%) User’s accuracy (%) 

Citizen scientists Oozing Major  19  0  0  19  76  100 
Minor  3  14  2  19  87.50  73.68 
None  3  2  114  119  98.28  95.80 
Total  25  16  116  157  OA = 94% kappa = 0.84, p < 0.001 

Frass Major  2  0  0  2  50  100 
Minor 0  6  1  7  66.67  85.71 
None 2  3  143  148  99.31  96.62 
Total 4  9  144  157 OA = 96% kappa = 0.71, p < 0.001  
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