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Implementing a citizen science bird monitoring project in the 
Grampians/Gariwerd National Park, Victoria, Australia
Gregory D. Kerr a and Hannah Auldb

aNature Glenelg Trust, Hamilton, Australia; bParks Victoria, Halls Gap, Australia

ABSTRACT
Global bird populations are threatened by ongoing habitat loss and 
climate change. Inconsistent and short-term funding of faunal surveys 
in Australia makes population and distribution changes difficult to 
detect. To meet this challenge, alternative methods of supplementing 
regular surveys by professional ornithologists have been proffered, 
including surveys by trained citizen scientists. Here we outline the 
development, implementation and assessment of the Great Gariwerd 
Bird Survey (GGBS), a citizen science (CS) monitoring project designed 
to address long-term management questions in vulnerable 
Stringybark Heathy Woodland in Grampians/Gariwerd National Park. 
Forty volunteers that met appropriate criteria were selected and 
trained in practical 10-week/40-h courses. We assessed data from 
288 2-ha/20-min surveys undertaken in autumn and spring 2021 at 
36 sites, ran workshops to improve surveyor skills and data quality and 
assessed trainee experiences and program content through online 
anonymous surveys. Concurrent professional field ornithologist sur-
veys enabled cross validation of CS surveys. Overlapping species accu-
mulation curves for professional and citizen scientist surveys reflected 
very high correlations for site species diversity (r = 0.836) and abun-
dances (r = 0.768). In autumn, the professional surveyor recorded sig-
nificantly more species and birds than CS surveyors. Additional training 
in the identification of cryptic birds and challenging calls partially 
addressed the numerical differences in the following spring survey. 
This project demonstrates the potential for valuable long-term ecolo-
gical data collection by well-trained citizen scientists with benefits to 
community environmental knowledge and participation despite some 
manageable obstacles. Participant surveys showed highly positive 
program perceptions, reflected by ongoing involvement in the GGBS.
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Introduction

The use of volunteers or “citizen scientists” to gather data is a research technique that 
enlists the public in gathering scientific information or participating in scientific endea-
vours. Such programs are increasingly being funded for many aspects of environmental 
and conservation management by Australian governments (Conrad & Hilchey, 2011; 
Wolcott et al., 2008). Designing, implementing and maintaining an effective citizen science 
program requires a multi-faceted iterative approach to achieve participant engagement and 
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retention, data quality assurance and bias correction, connections to community, environ-
mental awareness and data sharing (Adler et al., 2020; Fraisl et al., 2022).

This project – The Great Gariwerd Bird Survey (GGBS) – was established in 2021 to 
foster a citizen science (CS) monitoring program to evaluate changes to the avian 
community in the vulnerable Heathy Woodlands (Parks Victoria, 2019) and inform 
management actions as part of an adaptive management cycle in the Grampians/ 
Gariwerd National Park (GGNP) in Victoria, Australia. The GGBS project is designed 
to detect patterns of species occurrence over a long period and a large area, and as such is 
especially well suited for a CS program (Adler et al., 2020; Bonney et al., 2009). Through 
tracking ecosystem parameters over time, CS can provide crucial baseline information on 
the effects of global change (Conrad & Hilchey, 2011) and identifying locations with good 
and poor environmental condition (Jarvis et al., 2015). Citizen Science data can map the 
spatial distribution of species (Horns et al., 2018) and changes in abundance and 
distribution (Abolafya et al., 2013; Neate-Clegg et al., 2018). By choosing a longitudinal 
approach with surveys based at a network of stratified sampling locations in which 
species occurrence and relative abundance are collected at regular times each year, this 
project aims to avoid known limitations to cross-sectional atlas-based CS projects 
(Tulloch et al., 2013).

Citizen science derived avian diversity and abundance data can provide similar 
information to professionally collected monitoring programs (Szabo et al., 2012). The 
current concept of CS, with its integration of explicit and tested protocols for collecting 
data, vetting of data by professional scientists, and inclusion of specific and measurable 
goals for the education of the citizen scientists, has evolved primarily over the past 20–30  
years. Previously, most research projects relied on scientists to design, implement and 
carry out the monitoring; however, such projects are costly, generally short term and are 
restricted to relatively small areas (Lindenmayer et al., 2014a), with intermittent funding 
often resulting in a premature end to the project (Kerr & Gully, 2023). In contrast, CS 
projects can facilitate more extensive data collection that would not be possible if the 
scientist had to collect data on their own. Citizen science gives increased community 
awareness and appreciation of the process of scientific enquiry (Peter et al., 2019). It gives 
enhanced potential for the implementation of scientific findings as well as promoting and 
valuing local knowledge (Peter et al., 2019). Citizen science lends itself to facilitation of 
democratic participation in decisions made by society and rebuilding of social capital 
reducing costs. Importantly, it offers an increased ability to implement wide-scale and 
long-term monitoring projects (Adler et al., 2020; Fraisl et al., 2022; Greenwood, 2007; 
Lindenmayer et al., 2014a).

To address a shortage of skilled observers and reduce observer bias, a relatively 
comprehensive training program, tutored by experienced observers (Bibby et al., 2000; 
Hanowski & Niemi, 1995; Kepler & Scott, 1981), is required. In the western district of 
Victoria, membership of regional bird and natural history groups has been declining over 
decades, with many groups scaling down their work in environmental monitoring (GK 
Pers. Obs.). This parallels the decline in knowledge of natural history in developed 
economies in recent times (Tewksbury et al., 2014) with knowledge holders predomi-
nantly from an older demographic (Wolcott et al., 2008).

Development of effective bird identification and monitoring skills requires hundreds 
of hours of effort over many years to build and fine tune (Kelling et al., 2015). For most 
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people, the process of learning bird species identification is ad hoc and opportunistic, 
involving many years of slow accumulation of knowledge with infrequent chance obser-
vation of many species. Consequently, skill levels in detecting and identifying species 
often vary markedly among surveyors (Kelling et al., 2015). Even where relatively 
“experienced” observers are involved, a rigorous observer training program reduces, 
but does not eliminate, variation in counts between observers (Kepler & Scott, 1981).

Identification and counting of all birds present in a 2-ha/20-min survey is technically 
demanding, particularly when diversity, abundance and bird activity levels are high and 
in dense habitat (Bibby et al., 2000). For birds that are seen, factors such as illumination, 
movement, foliage cover and distance to the bird, together with the effect of environ-
mental variables such as wind strength and cloud cover mean that observation is often 
brief, partial and typically incomplete (Bibby et al., 2000). Consequently, to successfully 
undertake a bird survey requires a detailed topological knowledge of all species likely to 
be in a habitat, but importantly the ability to identify them independently of visual 
observation through binoculars. For many habitats, most species therein are identified by 
call, without visual confirmation. Nevertheless, accurate auditory identifications can be 
difficult (Bart, 1985; Farmer et al., 2012; Kepler & Scott, 1981). The problems of observer 
bias and error in acoustic bird surveys are well known (Bart, 1985; Farmer et al., 2012; 
Kepler & Scott, 1981). Even expert observers under-count, over-count and misidentify 
birds (Bart, 1985), and data collected by auditory surveys generally incorporate some 
observation error. However, McLaren and Cadman (1999) demonstrated that interested 
volunteers with low to moderate skill levels can be trained to identify and count a subset 
of forest birds, by song or call, well enough to provide credible data on those species, and 
volunteer surveys can be scientifically valuable if analysed appropriately (Farmer et al.,  
2012). Prior teaching in a classroom environment, a cooperative and learning centred 
environment and follow-up field trips to apply skills all add substantially to knowledge 
learnt (Kepler & Scott, 1981; Randler & Bogner, 2002).

For a CS project to be effective, it must address volunteer interests and needs. 
Communication with volunteers in terms of goal setting, supervision and feedback are 
important determining factors for volunteer involvement (Antos et al., 2006; Weston 
et al., 2003). Volunteers desire activities on highly threatened birds and prefer outdoor 
activities that are not costly to them. Wolcott et al. (2008) found that the bird monitoring 
program volunteers’ key motivation was helping to conserve birds and habitat. Few 
volunteers are interested in contributing to administrative support, thus the need for paid 
staff to carry out administrative tasks in such programs (Weston et al., 2003; Wolcott 
et al., 2008). A review of long-term participants in volunteer bird monitoring projects 
found that nearly half sought pairing with an expert on field trips, and over 40% indicated 
workshops on species identification would be beneficial (Wolcott et al., 2008).

The GGBS project has the potential to provide a cost-effective monitoring program for 
Parks Victoria in GGNP, with similar information quality to professionally collected data 
(Szabo et al., 2012) that informs and involves the broader community. This provides 
important benefits to Parks Victoria and their management of biodiversity within the GGNP.

This paper details the development, implementation and assessment of the GGBS. 
Critical to effective project implementation was the training and support of a new 
cohort of bird survey volunteers. Reporting rates from concurrent surveys collected 
on seasonal bird diversity and abundance by both 40 citizen scientists and 
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a professional field ornithologist are used to assess the effectiveness of the 10-week 
/40-hr training program. Following the first survey, identified weaknesses in data 
quality and associated skill shortfalls were used to direct additional training in follow- 
up workshops. Two surveys of participants’ thoughts and experiences were used to 
develop insights into program elements that effectively motivated and retained 
volunteer CS surveyors capable of producing reliable data. Survey data collected 
enables ongoing assessment of avian diversity and abundance and the impact of 
park management actions addressing identified threats within the vulnerable 
Stringybark Heathy Woodland in the GGNP (Parks Victoria, 2019). The results of 
the first autumn and spring 2021 surveys are reviewed.

Methods

To help foster a new younger cohort of competent bird surveyors, a key focus of the 
GGBS program was to incorporate, train and provide opportunities for relative novices.

Citizen science program implementation

Participant Selection
The program was advertised through social media, local radio, flyers and word of mouth. 
Under the survey protocol, the minimum number of participants required to deliver the 
program was 36. The program set out to involve 40 applicants, to enable pairs to monitor 
two sites in the planned seasonal (spring and autumn) surveillance program. Greenwood 
(2007) found that it is useful to assess the skills of potential participants and, rather than 
rejecting those thought not to have adequate skills, to provide training.

In response to the advertising program, prospective participants were asked to com-
plete an online application form. Applicants were assessed against six selection criteria:

(1) Availability – must attend a 10-week (4 h/week) training program, a refresher 
workshop and the spring and autumn two-day monitoring weekends.

(2) Fitness – participants needed to work in remote areas, walking through woodland 
terrain on flat to moderate slopes for up to 4 h per day.

(3) Health – with remote bird surveys, timely medical assistance was not immediately 
available. Participants had to have no pre-existing injuries/illnesses that may 
require a timely or specialised medical response.

(4) Experience – previous participation in bird monitoring programs or remote area 
fieldwork was desirable but not mandatory.

(5) Equipment – access to clothing and outdoor gear enabling self-sufficiency for 
survey work in the field.

(6) Possession of a full driving licence: Volunteers were required to drive to and from 
the survey sites each day in their own vehicle. Many sites are adjacent unsealed 
roads, with some requiring four-wheel drive vehicles to traverse.

In the online portal, applicants addressed 15 questions, 10 of which related to these 
selection criteria. Availability, suitable fitness and health were non-negotiable for selec-
tion. Preference was given to people who lived locally and those more experienced in 
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working or spending time in remote areas. Successful applicants were then asked to join 
the Parks Victoria ParkConnect portal.

Following successful completion of the first autumn surveys, a number of external 
factors affected volunteer availability – four of the original 39 trained citizen scientists 
were unable to commit to the spring survey weekend, being either unavailable due to 
COVID-19 lock downs in Melbourne or family commitments. Consequently, recruit-
ment for new volunteers was necessary, with six full applications received. Four partici-
pated in the spring survey. Before the COVID-19 lockdown, 37 of the original 39 trained 
volunteers had confirmed their participation in the spring survey, but this declined to 30. 
With reduced participation, volunteers were asked to increase the number of surveys they 
completed. Three groups agreed to survey additional sites. One volunteer completed 
eight surveys to ensure a complete data set for the program.

Training program
Objectives. The initial objectives of the 10-week program were to provide sufficient 
knowledge and experience for citizen scientists to quickly and effectively identify most 
birds likely encountered by sight and/or call, to teach advanced identification skills where 
a bird can be identified without a clear sighting (e.g. using call, behaviour, habitat use, etc.), 
to provide training and experience in survey methods and to establish a specialist friend-
ship group with expert members to facilitate ongoing learning and knowledge sharing.

Bird identification and survey skills. Two free 10-week bird identification and survey 
skills courses were offered – northern (Halls Gap) and southern Grampians (Dunkeld) – 
with each capped at 20 participants. The course was designed and tested prior to the start 
of this program, being run on 14 previous occasions by GK, with over 260 people having 
completed the program.

Nine of the ten 4-h training sessions (total 40 h) were based on a similar lesson design: 
Each week participants met in the field at a different habitat type for a 1-h walk in small 
groups identifying birds under the guidance of a skilled field ornithologist. They then 
returned to an indoor facility, for a one-hour talk on an area of specialist knowledge 
followed by 2 h of identification of birds using a field guide from photos in PowerPoint 
slides and call playback. Over the 9 weeks, participants were provided with a chance to 
identify most of the sexual, seasonal and age-related variations in plumage for nearly 300 
species recorded across the southwestern region of Victoria. The setting enabled parti-
cipants to work together, share knowledge, ask questions, learn how field guides are laid 
out and develop a baseline knowledge of species likely encountered in the region. Week 9 
differed by having 2 h of practising three repeated 2-h/20-min surveys in pairs in the 
field. They then returned to the hall for training in Parks Victoria’s volunteer OH&S 
requirements and an open question forum.

The program provided training on key characteristics of each bird family and their 
evolutionary relationships, bird identification practice using PowerPoint slides to enable 
effective use of field guides and the layout of field guides and bird apps to facilitate rapid 
identification. Participants were aided in the bulk purchase of modern up-to-date, best- 
practice field guides. Training was provided in bird topology, anatomy, feathers and 
colouration, plumage change with sex, age, feather deterioration, moult cycles, classifica-
tion, bird song and call, bird behaviour, habitat use, survey techniques and equipment. 
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They were given extensive experience in field identification under expert guidance and 
class-based identification of birds with emphasis on alternative factors such as bird 
behaviour and social structure, local, seasonal and annual movement patterns, flight 
characteristics, habitat and microhabitat use and identification by call. Memory aids for 
identifying and remembering songs and calls were given and practiced. Guidance was 
given in deciding when a surveyor can and cannot identify a bird, and what to do if they 
cannot identify it. Technical advice on the use of binoculars and telescopes was given with 
an explanation of different types of binoculars and guidance on individual surveyor needs, 
as well as advice on and assistance with the purchase of appropriate equipment, and the use 
of audio recorders to record bird calls. Training was given in taking effective journal notes. 
Bird speciation and evolution were outlined. An explanation of and practical experience 
with protocols to survey birds, hints on effective data recording, explanation of different 
coordinate systems, the use of the mapping applications (Apps) (Avenza Maps® App – 
version 3.15.2 Build 15) and GPSs were given. Motivation and willingness of the observer 
to make identifications (Kepler & Scott, 1981) were taught or discussed to improve data 
quality. Finally, volunteers were given training in data entry and submission to a database 
(specifically, BirdLife Australia’s Birdata App https://birdata.birdlife.org.au/) for storage 
and analysis in a GGBS login on the Birdata website.

During each 4-h session, participants were provided with handouts of key figures, 
electronic access to related published scientific literature and copies of PowerPoint talks 
and all bird photos to enable follow-up and revision at home, and guidance on how to 
make georeferenced maps using publicly available mapping sites (e.g. Mapshare https:// 
mapshare.vic.gov.au/MapShareVic/).

Parks Victoria – Occupation Health and Safety (OH&S). Active involvement of 
a specialist community liaison park ranger (HA) to co-ordinate the volunteers, address 
all Parks Victoria ParksConnect, OH&S and reporting requirements, was critical in 
overcoming a potentially onerous load on volunteers and informing and liaising with 
management.

A field guide (Kerr & Auld, 2021) with details of each 2-ha survey site was provided to 
all CS surveyors. In addition to outlining the project, field safety and presurvey checklists, 
the guide provided a concise overview of how to reach each site, regional and site maps, 
outlined possible risks associated with a site (e.g. slope, scrub height and density), its 
vegetation cover and fire history. Participants were provided with georeferenced pdf 
maps showing an outline of the 2-ha site overlaid onto an aerial photo with nearby roads 
and tracks marked for use in Avenza maps when undertaking their survey. The Avenza 
Maps App allowed car location to be marked, and the tracking facility provided a “snail 
trail” of movement on the map facilitating return to the car.

On the Friday before the weekend of each season’s (autumn and spring) surveys, 
participants were trained by HA to use Parks Victoria’s trunk radios and GPS SPOT 
trackers® to enable report-in when at remote field sites during surveys. Participants were 
provided with Phytoclean® in spray bottles to address the threat of the spread of 
Phytophthora cinnamomi by surveyors and with first aid kits containing bandages for 
snake bites. Following difficulty in reporting in with trunk radios in autumn, all parti-
cipants were given SPOT trackers in spring.
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Evaluation of citizen scientist data. To cross-validate CS survey data and to help deter-
mine focal points for ongoing training, surveys at each site using the same protocol were 
undertaken by an experienced professional field ornithologist (GK), on either side of both 
the autumn and spring CS survey periods (four surveys in total, Table 1); GK has worked as 
a professional field ornithologist undertaking bird surveys across Australia for 20 years. He 
has undertaken over 400 2-ha/20-min surveys across the GGNP region since 2018. As is 
often typical of such professional work (Lindenmayer et al., 2014b) these surveys were 
funded by an unconnected series of small, short-term grants, tendered projects and philan-
thropy to address specific questions with no likelihood of continued funding into the future.

Refresher Workshop Prior to the Spring Survey. Prior to the spring GGBS weekend 
(Nov 2021), a workshop overviewed the outcomes of the first set of autumn surveys 
(Conducted in Apr 2021) and provided feedback on effective outcomes and areas that 
needed redressing following comparison with data from concurrent surveys by the profes-
sional field ornithologist. Based on this analysis, the group revised identification on songs 
and call for 16 species that were significantly under-reported in the autumn survey. 
Participants were then given a one-hour quiz in groups on bird calls. There was also an 
open forum to address any questions, concerns, or comments.

Monitoring protocols

Study area
The project study area was located within the GGNP in southwestern Victoria (Figure 1), 
with bird surveys undertaken at 36 pre-determined survey sites. These sites were originally 
established to examine mega-fire impact on fauna using the post-2006 wildfire landscape of 
the GGNP (Stevens et al., 2012). Sites were stratified within the National Park’s red fox 
(Vulpes vulpes) poison baiting perimeter, within Heathy Woodland (EVC 48) and some 
areas of Sand Heathland (EVC 6) vegetation types, covering six categories of fire history. 
Subsequent prescribed burns and wildfires have confounded this original experimental 
design. All sites were below 470 m Australian Height Datum (AHD), located no closer than 
2 km from another site, and within 300 m of a track or road. A feral cat (Felis catus) baiting 
program using 1185 Curiosity® was established in 2020 by Parks Victoria incorporating 
monitoring sites (Figure 1). The analysis of the potential fire history impact on bird 
diversity and abundance is reported elsewhere (Kerr & Gully, 2023).

Bird survey method
Both professional and CS surveys followed standardised surveys of bird counts based on 
either visual and/or auditory identification during a 20-min period as they walked 

Table 1. Survey dates for the citizen scientist and professional Great Gariwerd Bird Survey.
Survey Number Surveyor/s Start Date Finish Date Surveillance Period Number of surveys

1 Professional 13/04/2021 19/04/2021 Autumn 2021 36
2 GGBS Citizen Scientists 17/04/2021 18/04/2021 Autumn 2021 144
3 Professional 19/04/2021 24/04/2021 Autumn 2021 36
4 Professional 07/10/2021 13/10/2021 Spring 2021 36
5 GGBS Citizen Scientists 10/11/2021 23/11/2021 Spring 2021 144
6 Professional 11/11/2021 19/11/2021 Spring 2021 36
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a similar path (Figure 2) around a 2-ha rectangular site (Field et al., 2002, 2004, 2005; 
Loyn, 1986), with counts constrained to birds detected in and above the two-hectare site. 
Surveyors needed to decide whether flying birds were occupying or using the survey site, 
e.g. birds of prey or swallows and martins foraging within or above the canopy, or birds 
moving between microhabitats within the site. Overhead transient birds, high above the 
site without an obvious ecological connection to the site, were not included in the count.

To enable a consistent survey approach in the medium to long term and to 
reduce the risk of pest or disease dispersal (e.g. Phytophthora cinnamomi) each 
2-ha site 

Figure 1. Locality map of the Grampians Gariwerd National Park study site, boundary for both the fox 
baiting program (which has been running annually since 1996) and the cat baiting program initiated 
in 2020 (Stevens et al., 2020), extent of the 2006 severe landscape-scale wildfire (mega fire), and 
distribution of all Great Gariwerd Bird Survey (GGBS) sites.
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(200 m × 100 m) was overlain onto an established 150 × 150 m mammal survey 
trap grid at each site (Figure 2).

All citizen scientists and the professional surveyor entered survey data via a GGBS login 
with password in the Birdlife Australia Birdata App (https://birdata.birdlife.org.au/) 
installed on their smartphone.

Figure 2. Relationship between the existing marked mammal survey quadrat (150 m × 150 m − 49 
trap locations) and the 200 m × 100 m (2 ha) bird survey quadrat (blue rectangle).

TRANSACTIONS OF THE ROYAL SOCIETY OF SOUTH AUSTRALIA 9
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The CS surveyors were taught to follow a set survey protocol. At the A1 
quadrat corner, surveyors filled in the “who, when, what and where” data within 
the Birdata App. The GGBS login contained the 36 sites as a mapped location 
with auto population of relevant site data fields (site name, site co-ordinates, date, 
time) to minimise data entry errors. Surveyors selected survey type from a drop- 
down menu. Because of their influence on bird detectability (Bibby et al., 2000), 
weather details, i.e. wind strength (calm, slight (leaves moving), moderate (canopy 
moving), strong (branches moving)), temperature (cold (0–10°C), mild (11–20°C), 
warm (21–30°C), hot (31–40°C)) and cloud cover (octets), were also recorded as 
notes in the Birdata App. A standardised route was followed as best they could 
across the 2-ha site (e.g. Figure 2). As they walked, they identified all birds 
detected within 25 m either side of the path walked.

To maintain consistency in habitat surveyed over time and to aid movement through 
denser habitat, surveyors could see their actual position within a defined boundary for 
each site on a georeferenced map in Avenza Maps.

The Birdata App requires bird name entry from drop-down menus and surveyors are 
notified and asked to provide supporting evidence if they select species not usually 
recorded in the region. At the completion of the survey only complete and reviewed 
data can be uploaded to Birdata.

Steps undertaken to minimise observational or recording survey errors by citizen 
scientists included:

● surveyors working in pairs (one recording, one navigating, both scanning for birds) 
to increase detection rates, limit the level of multitasking during the survey and 
enable sharing of knowledge and joint identification;

● constraining survey teams to a small number of sites (usually two) with the objective 
of enhancing familiarity with sites, freeing surveyors from focusing on navigation 
and increasing bird observation time;

● training to identify all 300+ bird species found across the region, but with a focus on 
the approximately 100 species recorded in stringybark woodlands;

● weekly one-hour field identification in groups of 10 in different habitats with 
a skilled trainer over the 10-week training program;

● weekly information given in PowerPoint slides and handouts made available in 
electronic format to enable follow-up learning and revision.

● facilitating each observer to obtain appropriate quality binoculars, field guides and 
e-guides to identify birds;

● requiring data entry and storage through Birdata App during the survey to minimise 
data entry and transcription errors;

● pairing of less experienced birders with those more skilled; and
● matching of fitness levels and physical capabilities with challenge of terrain and 

bush density at each site.

Survey frequency and timing
The GGBS was designed to run on one weekend in mid-autumn and one weekend in mid- 
spring each year. On both Saturday and Sunday, the citizen scientists undertook a survey at 
each site in both the morning (between 8 am and 11 am) and the afternoon (between 3 pm and 
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6 pm) to give four surveys/site in each of the autumn and spring surveillance periods. During 
the 4 days prior to and the 4 days following (weather permitting) the CS survey weekend, all 
sites were surveyed once by the professional field ornithologist (Table 1). Consequently, the 36 
sites were visited four times by the citizen scientists and twice by the professional in a season. 
These two sets of surveys by the professional field ornithologist were designed so that each site 
was surveyed once in the morning and once on another day in the afternoon. The different- 
day repeats were implemented to capture significantly more species per unit of survey effort 
and yield a higher richness estimate (Field et al., 2002). This gave a total of 72 2-ha/20-min 
surveys by the professional and 144 by the citizen scientists in each of the autumn and spring 
surveillance periods.

In spring 2021, the planned survey weekend was cancelled following a COVID-19 
outbreak in Halls Gap. Surveys by citizen scientist pairs were consequently spread out 
over two-weeks (10/11/2021 to 23/11/2021) at each group’s discretion. Some citizen 
scientists were unable to participate due to lock downs in their hometowns. This 
meant there was a 3-week break between the first professional ecologist survey and the 
first CS survey, and the second professional ecologist survey was completed during the 
last week of the two-week CS survey period.

In addition to the standardised survey periods, these trained volunteers are also invited 
to conduct surveys at these sites on an ad hoc basis at other times throughout the year.

Statistical analysis

Analysis to estimate the number of bird species in the assemblage represented by the 
surveys was carried out using EstimateS Ver 9.1.0 (Colwell, 2013). Site-based species 
counts rarefaction curves were created using 100 randomisation runs with 1.5X extra-
polation of rarefactions curves. Estimates were made at every data point. We used the 
classic formula for Chao 1, randomised individuals without replacement and calculated 
Sest (analytical), i.e. the expected number of species in t-pooled samples with lower and 
upper 95% confidence intervals. All six assumptions were met for sample-based rarefac-
tion to be used rigorously to compare species richness in two or more samples or 
assemblages (Magurran & McGill, 2011).

An empirical cumulative distribution function (eCDF) was used to compare species 
abundance in each community between the professional ecologist and the CS surveys. 
This method corrects for different species diversities between communities allowing for 
valid comparisons between communities (McGill, 2011).

Pearson product moment correlation coefficient and linear regression were used to 
determine the levels of association between means of total species diversity in all surveys at 
each site between the professional ecologist and the citizen scientists and the means of total 
bird abundance in all surveys at each site between the professional ecologist and the citizen 
scientists.

A GLM repeated measures doubly multivariate design (SPSS v26 for IBM) was used to 
analyse the bird counts for the within site factors of surveyor (citizen scientists or profes-
sionals) for each surveillance period (autumn and spring) at each survey site. Two dependent 
measures were obtained for each site: the mean of the total species recorded in each survey and 
the mean of the total number of birds recorded in each survey during the surveillance period 
(professional two surveys, citizen scientists four surveys).
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Results

Citizen scientists selection

Fifty-four full applications were received from across a broad region, with applicants living up 
to 260 km away from the GGNP (e.g. Melbourne, Torquay, Warrnambool, Portland, 
Horsham and Ararat). In the post-course survey, participants indicated they discovered the 
program via a wide variety of sources. Many (12 of 31) indicated they became aware of the 
program via word of mouth, eight via emails, and seven via social media. Only two heard of 
the program through advertisements and articles in the local papers and one through their 
local Landcare group. All bar two respondents were happy with the information available to 
them before applying. Satisfaction with the recruitment process was very high (mean = 4.55, 
sd = 0.62, scale 1 = not at all satisfied − 5 = very satisfied).

Applicant prior experience in bird watching/monitoring ranged from interested 
novices through to long-term experience in bird monitoring, with many working in 
the environmental field. Most applicants had moderate-to-high-level experience in four- 
wheel driving, 21% admitted to no experience, but all held a driver’s licence. All had 
remote camping and bush walking experience and all bar one had previously volunteered 
to work on environmental or CS projects. Ages ranged from mid-20s to early 70s, with 
nearly 60% female, and 47.5% under the age of 40. Forty-eight per cent held current first 
aid certificates and certificates from a further 25% had recently lapsed.

Citizen scientists’ experiences through the program

Survey 1: Bird course, OH&S training and autumn survey
Thirty-nine of the 40 people invited to participate completed the 10-week, 40-h training 
program. One participant withdrew after 4 weeks due to work and family commitments. 
Weekly attendance averaged 91.3% (se = 1.50%, n = 10 weeks). Where individuals missed 
a session, they were able to subsequently complete the workshop component at home, 
working through the PowerPoint slides and worksheets provided and visiting the field 
site. Total volunteer time was over 1560 h for the course, with drive time, extra study at 
home and field practise additional.

Thirty-one (77.5%) course participants completed the online survey following the 
autumn bird surveys. The survey sought to clarify experiences of the training pro-
gram. Responses were scored from 1 – strongly disagree, to 5 – strongly agree. 
Participants were happy with the weekly emails providing details of the week ahead 
(mean score 4.74, sd = 0.44), with only three feeling there were times where more 
information was required. Weekly course information (PowerPoint slides and hand-
outs) was shared with participants through both drop box and/or upload to a USB, 
with two participants finding drop box difficult to work in. Where a COVID-19 
lockdown across Victoria resulted in a snap lockdown in the region, the program was 
delivered online for 1 week. Participants found this worked well and would have liked 
access to videos of other presentations to aid revision, but all found the face-to-face 
sessions most valuable. Suggestions regarding improvements to delivery focused on 
more time to be spent on bird calls (seven people), more emphasis on local species 
likely to be met in the surveys rather than across the region (three people), more 
practical experience in the field to complement the in-door activities (five people) and 
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a greater emphasis on getting to know other participants and more opportunities to 
practice with them outside formal activities. Seventy-seven per cent felt nothing 
should be removed from the existing course, the remainder suggested some elements 
of theory be deleted and others felt the focus should be on birds likely to be 
encountered locally. All respondents would recommend the course to other volun-
teers. The timing of the course delivery (5 to 9 pm) was acceptable to all participants, 
but three commented on the suitability of mornings and weekends. Eight commented 
on the difficulty of getting away from work to be in the field by 5 pm. All respondents 
were happy with the weekly field trips, and satisfaction with the organisation of the 
weekly field course was very high (mean = 4.77, sd = 0.50).

Satisfaction with information provided for the survey weekend was generally very high 
(mean = 4.68, sd = 0.60), but two respondents indicated they were “uncertain”. 
Satisfaction with the quality of instruction on the use of either radio or SPOT Tracker® 
to report in during the surveys was high, with 93.5% indicating the induction evening 
before the survey gave clear instruction. One person thought such training should occur 
earlier in the program. Fifty-two per cent felt that they would have been comfortable to 
conduct surveys without a call-in procedure, but the remainder saw it as important, 
particularly given the remoteness of some sites, the number of volunteers involved and, 
for some, the low level of field experience. Five respondents experienced initial difficul-
ties during the field surveys in using Avenza Maps but were able to overcome these 
difficulties. Some suggested more training might have helped, but 84% felt they had no 
difficulties, and that training was adequate. Two had difficulty with the Birdata App, but 
93.5% encountered no problems in the field. All bar one indicated that they would like to 
hear about future volunteering opportunities in the GGNP. Concluding comments on 
the program were made by 74%, and all were very positive particularly about both the 
training and the opportunity to participate in the survey program.

Survey 2: Refresher course and spring survey feedback
The spring refresher course was held in Dunkeld with two 4-h sessions delivered to 34 
citizen scientists. Participation for some was not possible due to COVID-19 lock downs 
in their hometowns or family commitments.

Twenty-five people provided online feedback on the refresher course and their spring 
GGBS survey experiences. Three did not see value in attending a future refresher course, 
but 88% (22) found the content and presentations useful for their upcoming survey. All 
bar one would recommend the refresher course to others. The Parks Victoria pre-survey 
induction was seen to be important (Mean ± sd = 4.54 ± 0.59). All bar one respondent 
preferred the 10+ day window, rather than being constrained to one weekend, to 
complete their surveys.

Operation of the SPOT satellite trackers proved problematic for several groups and 
over half of the CS volunteers felt they led to more trouble. Two of the 15 groups failed to 
check in successfully, resulting in follow-up procedures, with Parks Victoria staff driving 
to their sites to confirm the safety and completion of the survey. Thirteen participants 
successfully used the devices during their survey with no complications.

When asked to self-analyse on improvements in identifications skills since the autumn 
survey and to identify any remaining areas of weakness, respondents indicated that they 
knew more birds and could identify more birds by call in the spring survey. But all 
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indicated that there was a need to continue working on learning and applying bird calls 
for identification. Many noted the importance of the refresher workshop in identifying 
problematic species and the additional training on differentiating their calls.

Twenty-four of 25 respondents anticipated a return to the 2022 autumn survey, with three 
uncertain pending personal commitments. When asked about forming a management group 
to support logistics of upcoming surveys and program viability, nine volunteers indicated an 
interest. Four additional participants would be interested in the future.

Analysis of citizen scientist bird survey effectiveness

Data entry errors by citizen scientists were minor and related to 1. automated entry of the 
appropriate site location data into the BirdLife Australia Birdata App, through not 
waiting for the current position to be determined and the map to be updated, conse-
quently selecting the incorrect site icon; 2. Failing to log out of a personal login for the 
Birdata App and then login to the GGBS login; and 3. Some surveyors did not always 
record the weather, i.e. wind, cloud, temperature or surveyor names in the notes field.

A two-way repeated measures analysis of variance (RMANOVA) compared both 
species richness and abundance of bird species recorded by the CS surveyors and the 
professional ecologist at each site. Data for each survey were aggregated to determine the 
mean total species richness and mean bird abundance at each site in each season (autumn 
and spring) for each observer group (Citizen Scientist and Professional). Using the Wilks’ 
Lambda criterion, there was a significant effect for both Surveyor (F2.34 = 288.426, 
p < 0.001***) and Season (F2.34 = 9.889, p < 0.001***), but there was no significant inter-
action effect (F2.34 = 1.020, p = 0.371). The professional surveyor recorded on average 
significantly more species (F1.35 = 21.968. p < 0.001***) and significantly more birds 
(F1.35 = 6.616, p = 0.015*) at each site than the citizen scientist. There were significantly 
more species recorded on average in spring than autumn (F1.35 = 15.440, p < 0.001***, 
Figure 3(a)), but the mean number of birds recorded did not show a significant change 
between seasons (F1.35 = 2.095, p = 0.157, Figure 3(b)). The mean species diversity/survey 
and the mean total number of birds recorded in each survey were lower (Table 2) for the 
citizen scientists compared with the professional ecologist.

The citizen scientists recorded a higher overall diversity of birds during each surveil-
lance period than the professional ecologist (Table 2). This is likely a product of the 
greater number of surveys undertaken by the citizen scientists (72 surveys/surveillance 
period professional, 144 CS). A rarefaction estimated species richness curve (Colwell,  
2013), extrapolated to 1.5X the number of surveys in autumn for both the CS and the 
Professional data sets (Figure 4), shows that the observed species richness for the 
Professional data set follows the same trajectory and falls within the 95% CI of the larger 
CS data set, so the null hypothesis that there is no significant difference between the 
species richness’ of the two samples is accepted (Simberloff, 1978). For both 1.5 
X extrapolations of the Species Accumulation Curves (SAC), the species richness’ are 
still climbing towards an asymptote, indicating that the number of surveys in the 
surveillance period did not fully define the avian diversity present.

A comparison of species recorded by CS surveyors and the professional highlighted 
a possible difference in skill levels and provided a key focus for the pre-spring surveillance 
workshop. During the autumn surveillance period, the CS surveyors recorded 17 species not 
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observed by the professional (Appendix 1). Ten of these species were singletons, and all bar 
one were rarely recorded by the professional ecologists in other surveillance periods and in low 
abundance, suggesting that this difference was the product of the citizen scientists undertaking 
twice the survey effort of the professional. Eight species were recorded by the professional and 
not the citizen scientists. Five of these were singletons and two were doubletons. The absence 
of the tawny-crowned honeyeater in the CS surveys and its presence in eight of the profes-
sional surveys suggested that this relatively unobtrusive and subtle calling species may have 
been missed by the CS surveyors. Forty-seven species were recorded by both the citizen 
scientists and the professional.

An eCDF comparison between CS and professional surveyors for the autumn surveil-
lance period (Figure 5) showed two important contrasts:

Figure 3. Comparison between survey outcomes for citizen scientists and professional for both mean 
species richness (top) and mean abundance (bottom) of bird species recorded in surveys in each 
season.
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(1) There were approximately 12 of the more abundant species that were recorded less 
often by the citizen scientists than by the professional. This appears as a bulge in 
the orange line to the left on the eCDF graph on the top right.

(2) There were approximately 10 rarer species that were recorded at a relatively lower 
abundance by the citizen scientists than by the professional surveyor. These 
appear as a translation of the orange line to the left on the bottom left of the graph.

A Pearson’s product-moment correlation coefficient was computed to assess the relation-
ship between the proportion of surveys each species was recorded in by the citizen 
scientists and the professional ecologist. There was a strong positive correlation between 
the two variables in autumn, r = 0.836, n = 116, p (2-tailed) < 0.001***. This correlation 
increased in spring r = 0.862, n = 116, p (2-tailed) < 0.001***. This improvement may 
have arisen through increased citizen scientist survey experience following the first set of 
surveys and/or as the result of the workshop prior to the spring survey focussing on 
cryptic species and hard to recognise calls. Scatter plots summarise these results for the 
identified species (Figure 6). A Pearson’s product-moment correlation coefficient was 
also computed to assess the relationship between the mean abundance/survey of each 

Table 2. Comparison between concurrent citizen scientists and a professional field ornithologist 
seasonal survey bird species richness and abundance at each site.

Surveyors
Number of 

surveys

Autumn 2021 Spring 2021

Species richness Abundance Species richness Abundance

Total 
species

Mean 
species/ 
survey ± SD

Mean 
total 

birds/ 
survey ± SD

Total 
species

Mean 
species/ 
survey ± SD

Mean 
total 

birds/ 
survey ± SD

Citizen Scientists 144 autumn 
144 spring

68 5.42 3.644 14.08 14.674 83 7.06 3.894 16.95 11.728

Professional 72 autumn  
72 spring

57 7.75 3.819 19.18 14.317 53 9.13 3.448 19.81 9.482

Figure 4. Rarefaction (Sest) comparison of citizen scientist and professional survey data species 
accumulation curves (with 95% confidence intervals). EstimateS Ver 9.1.0 (Colwell, 2013).
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species recorded by the citizen scientists and the professional ecologist. There was 
a strong positive correlation between the two variables in autumn, r = 0.768, n = 116, 
p (2-tailed) < 0.001***. Again, this correlation increased in spring, r = 0.797, n = 116, 
p (2-tailed) < 0.001*** following the targeted workshop. Scatter plots summarise these 
results (Figure 7).

Discussion

This program sought to, and succeeded in, attracting, training and retaining a new 
cohort of skilled, independent bird surveyors to underpin a planned long-term CS 
program in the GGNP. Provision of a free, relatively comprehensive, 10-week course 
with a weekly commitment of over 4 h has proven to be highly attractive to a cross- 
section of the community. The program attracted a relatively young, gender-inclusive 
cohort that are under-represented in most of the birding and natural history clubs 
across the region. The high proportion of people from professional backgrounds was 
seen as an important component in the program’s success. The general impression, 
based on post-course feedback, is that the course exceeded expectations, the combi-
nation of theory and practical information and experiences was highly appreciated 
and far more comprehensive than expected, taking the participant into new realms. 
People felt empowered to go away and continue learning. Overall people felt they 
came away with a good level of knowledge, but importantly they realised how much 
more there was to learn to carry out the surveys effectively, and they felt empowered 

Figure 5. Empirical Cumulative Distribution Function (eCDF) comparison between citizen scientists 
and professional survey data for autumn 2021 surveillance period.
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Figure 6. Comparison between citizen scientists and professional surveyors in species detection. 
Overall proportion of surveys each species was recorded in autumn (top) and spring (bottom). Orange 
line indicates line of equality. Blue dotted line is line of best fit. R2 autumn = 0.700, R2 spring = 0.744.
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Figure 7. Comparison between citizen scientists and professional surveyors in mean species abundance/ 
survey. Mean abundance/survey for each species recorded in autumn (top) and spring (bottom). Red line 
indicates line of equality. Blue dotted line is line of best fit. R2 autumn = 0.590, R2 spring = 0.635.
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to do this. This was particularly evident with the ubiquitous comment regarding the 
need for “more time spent on training people in bird calls”. These outcomes reflect 
those reported in a systematic literature review of biodiversity CS projects (Peter 
et al., 2019) – with a gain in knowledge and changes in behaviour or attitudes most 
often recorded, but less often were the development of new skills, and increased self- 
efficacy and interest.

The pedagogical challenge of how to incorporate more effective learning techniques to 
facilitate the assimilation of the variety of calls and songs needed to identify species is 
ongoing. Creating time in an already overloaded 40-h program without missing other 
skills is the challenge. Pre-course review comments by birding specialists that the 40-h 
program appeared excessive have not been supported by the course participants.

An important element of the 10-week program was the provision of a variety of 
medium- to high-quality brands and models of binoculars for participants to try over 
the program. Training in the properties of different types of binoculars, an emphasis on 
the pros and cons of such factors as different magnifications, objective lens sizes and lens 
coating quality meant that people could select equipment appropriate to their personal 
characteristics, needs and budget. Facilitation in the purchase of binoculars, and the latest 
and best field guides, and e-guides during the course meant that nearly all participants 
came away with high-quality equipment and the training to use it effectively.

Training in the use of the Avenza Maps App and the Birdata App was necessary for 
program success and as noted in other studies (e.g. Fraisl et al., 2022) increased the 
quality of data captured. The use of the Birdata App is intuitively easy, particularly with 
initial guidance, and the use of dropdown menus avoids most forms of data entry errors. 
However, the registration process and login for the App are for many challenging, and 
hands-on guidance over several sessions was important to minimise problems. Many 
course participants had trouble in the effective use of Global Positioning Systems (GPSs) 
devices. The Avenza Maps App overcame the difficulty of working with either eastings 
and northings or latitudes and longitudes. The ability to create georeferenced maps at 
a variety of scales and load them into Avenza Maps enabled site location and made it 
relatively easy for citizen scientists to negotiate at times heavy vegetation in difficult 
terrain across the two-hectare area with minimal distraction. Training teams of two to 
work together to carry out the 2-ha/20-min surveys, with each person concentrating on 
either the navigation or data entry task, freed them to spend most of their time locating 
and identifying birds.

Volunteer retention can be a problem for CS practitioners (Adler et al., 2020). Retention 
of the trained CS observers is critical, as resultant increased survey species accumulation 
rates, particularly of harder to identify bird species, with continued participation, is 
intuitively expected (Kelling et al., 2015). Evidence to date indicates that this program 
has been successful in training and retaining a competent cohort of bird surveyors that are 
actively engaged and committed to fine tuning their identification and survey skills. Three 
years after the program started, approximately one-quarter of the trained citizen scientists 
have moved out of the region. A third course for 20 participants was run in spring 2023 to 
replace those lost. The importance of providing a positive supportive environment to 
enhance ongoing participation and to benefit from the concomitant improvements in 
data quality cannot be over-emphasised. Communication regarding all elements of the 
program was a key priority. The citizen scientists were actively engaged through weekly 
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emails and social media to provide them with up-to-date information, maps and feedback 
opportunities. Wolcott et al. (2008) found that long-term volunteers stopped participating 
in surveys due to poor information dissemination and poor co-ordination of the surveys. 
They noted that other respondents cited transport issues and costs as reasons for cessation.

In this project, the importance of early planning and confirmation of key dates and 
their incorporation into the busy schedules of the citizen scientists was apparent when 
the spring survey was deferred due to COVID-19 community impacts, an impact on park 
programs seen across the world (Waithaka et al., 2021). Nearly one-quarter of the citizen 
scientists were consequently unable to fit the new dates into their schedules, necessitating 
additional surveys by some individuals. Importantly, Field et al. (2002) found the time-
span over which different-day surveys are conducted within a season did not have 
a significant influence on species richness estimates, evincing a qualitative advantage to 
surveying on different days, regardless of the spacing of repeat visit.

Building a community and creating ongoing opportunities to develop skills were an 
important component of this project, but this represents a poorly studied element of CS 
programs (Adler et al., 2020). Following the completion of the first autumn survey, 
a celebratory dinner was held. Thirty-eight of the citizen scientists attended along with 
four higher-level park management staff. The opportunity to debrief, discuss the joys and 
challenges of the survey weekend with colleagues, facilitators and the Park staff was 
fundamental to resolving doubts and encouraging anticipation of the spring survey to 
come. Management was able to appreciate the positive energy and commitment of the 
citizen scientists and evaluate their knowledge and experience. Participants were active in 
the formation of small groups that worked to share knowledge and implement joint field 
trips to develop identification skills.

Tulloch et al. (2013) identified eight unique objectives for gathering and using 
volunteer-collected monitoring data. The GGBS program addressed all of these, i.e. 
inform management, increase public awareness, educate public on ecological issues, 
uncover serendipitous events, achieve community wellbeing through recreation in the 
natural environment, enable social and economic research, enhance ecological knowl-
edge and improve monitoring and evaluation.

A critical component in the ongoing success of this program has been the involve-
ment of a GGNP park ranger who specialises in enabling volunteer activity within the 
park to oversee both the organisation of, and communication with, volunteers and to 
ensure that existing Parks Victoria Volunteer and OH&S protocols are maintained. 
The role was also fundamental to maintaining effective communication between 
management, volunteers and the trainer, ensuring that the surveys were collecting 
data relevant to the management programs taking place in the park, providing feed-
back to management that links the data obtained with outcomes and funding pro-
grams, and actively working to incorporate the program into future planning for the 
park. The role of a scientist in the analysis and production of peer-reviewed papers 
for publication, assessment of the quality of data collected and analysis of data to 
address the key questions for the monitoring program have been fundamental to 
informing management, enhancing ecological knowledge and improving monitoring 
and evaluation. Media events associated with attracting participants and reporting on 
program outcomes, inclusion of ecological and behavioural theory and examples in 
the 10-week course and the analysis of data and reporting back to the citizen 
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scientists have led to both increased public awareness and education opportunities. 
This has been particularly evident through the use by the citizen scientists of the 
PowerPoint slides from the weekly classes at home to teach family and friends about 
the course content. Through establishing a group-wide login in the Birdata App, the 
citizen scientists can access the data set they collected.

As was observed in this study, both McLaren and Cadman (1999) and Hanowski and 
Niemi (1995) noted that novice or less experienced observers tended to count fewer birds 
of most target species than the experienced observer when using song or call. The challenge 
of learning and being able to use bird call and song to identify the species encountered in 
the GGBS was recognised by the citizen scientists early in the 10-week bird course. Analysis 
of discrepancies between the professional ecologist’s detection of species and birds and that 
of the citizen scientists verified the conclusions drawn by many of the citizen scientists on 
the need to improve their call identification skills following completion of the autumn 
surveys. Identification of problematic species and a renewed focus on their calls, behaviour 
and microhabitat use during the pre-spring survey workshop did improve species identi-
fication by citizen scientists in the subsequent spring survey.

The program has been effective in rapidly developing bird identification skills in 
participants. The evidence to date indicates that those who have been through the program 
have been fast-tracked across a major knowledge gap typically experienced by many birders 
as they accumulate knowledge on an ad hoc basis. But continued improvement and fine- 
tuning of skills with practice can be anticipated. At present, no method of adjusting bird 
count data to address bias appears to be effective for large-scale, multi-species monitoring 
surveys (Johnson, 2008). Johnson (2008) recommended that users of any method should 
recognise that variability in detectability influences the results. This suggests that research-
ers should attempt to remove as much of that variability as is reasonable by design control 
(e.g. by restricting counts of birds to certain calendar periods and times of day). An index is 
defined to be a variable that correlates strongly with abundance or density of a species in an 
area (Caughley, 1977). For indices to serve in a monitoring situation, all that is needed is 
that the variation in detectability be substantially less than the variation in population size 
sought to be detected and that it be independent of population size (Johnson, 2008). 
Maintaining the current survey methodology and timing will aid this outcome, while the 
CS surveyors continue to improve their skills over the following few surveys.

Given the anticipated natural attrition of the citizen scientists trained in this program over 
time, the need to initiate ongoing annual or biennial 10-week training courses to maintain 
a working core of 40 surveyors is apparent. Critical to the long-term success of the program 
will be an active effort to engage the current cohort of citizen scientists in training and 
supporting successive cohorts (Adler et al., 2020). The opportunity for the first cohort to pass 
on knowledge being as important as the need to work to maintain and improve their own.

Conclusion

This project has shown that an effective landscape scale CS bird monitoring program can be 
implemented using interested and motivated community members who participate in a 40-h 
training program. While initial survey outcomes were good, follow-up data analysis and 
workshops to address identified shortfalls further enhanced subsequent survey effectiveness. 
Importantly, the program design was attractive to participants, achieving a very high 
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participation and retention rate, which added a significant number of skilled and developing 
bird monitoring practitioners active in the region.
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