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Conversion of natural, heterogenous tropical forests to intensively managed, monoculture-production landscapes is a major threat to biodiversity. This phenomenon is driven by global demand for commodities such as wood, palm oil, sugar, and soybean. The economies of many countries in tropical areas depend on these commodities, and there is a need to ensure economic welfare while protecting biodiversity. Certification schemes such as those developed by the Forest Stewardship Council and Roundtable for Sustainable Palm Oil are intended to provide incentive to companies to employ environmentally and socially sustainable production practices. One element of these certification schemes is the concept of High Conservation Values (HCVs) which fall into six categories that encompass ecological indicators and human dimensions. The HCV process has expanded beyond production landscapes to include long-term conservation planning. Despite expansion, implementation of the HCV process as it pertains to biodiversity is challenged, in part, by a lack of specificity regarding target metrics. Another challenge is that, in practice, there is a short time period for assessment, resulting in limited collection of primary data and a reliance on secondary data sources for interpolation. HCV guidance advances a precautionary approach to assessment, but in some regions, there is not enough known about the biology, behavior, or interspecific associations of species to effectively assess what is not observed. In this paper, we assess environmental HCVs in a well-studied timber production system in Sarawak, East Malaysia. Using an original long-term multi-method dataset of avifaunal surveys as well as published datasets of other taxa, we 1) assess biodiversity metrics at the site including presence of Rare, Threatened, and Endemic species, 2) assess change over time at assessment locations, and 3) evaluate costs and benefits of the various methods and provide best practice recommendations for HCV assessment and long-term monitoring. Finally, we recommend transparent data-archiving and sharing for improved accuracy and efficiency in the HCV process. Managed landscapes are important areas for ecological research that are beneficial not only to the restoration and conservation of species and ecosystems but also to well-informed certification and long-term sustainability.
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1 INTRODUCTION
Tropical forest ecosystems represent less than 10% of the earth’s land area but harbor over 60% of documented biodiversity (Bradshaw et al., 2009). Conversion of natural, heterogenous forests to intensively managed, monoculture-production landscapes is a major cause of forest loss in tropical regions and a primary threat to biodiversity (Giam 2017). Monoculture production systems have lower levels of biodiversity, fewer rare and threatened species, and are more difficult to restore than natural forests managed for timber (Edwards et al., 2010). However, there is increasing pressure to convert both logged and old growth forests to plantation landscapes for commodities such as wood, palm oil, sugar, and soybean (Wilcove and Koh 2010; Carrasco et al., 2014; Griscom and Goodman 2015). The extent of forested land that is in some form of production far exceeds protected forests both in tropical regions and globally (Meijaard and Sheil 2012). These commodities account for a substantial proportion of GDP (Purnomo et al., 2020) and are essential to the economic growth of countries. While halting this process is not possible, there are approaches to land-use planning and change that can reduce the amount of native forest loss and sustain viable populations of many species within production landscapes.
One strategy to address this issue is certification and green labeling. This is a consumer-focused approach in which the buyer may select products that have been accredited to meet certain environmental and social standards. Certification schemes such as those developed by the Forest Stewardship Council (FSC) are intended to provide incentive to companies to use environmentally and socially sustainable production practices (Kollert and Lagan 2007, but see; Chen et al., 2010). To become FSC-certified, companies must demonstrate a commitment to ten criteria associated with legal compliance, worker, community, and indigenous rights, environmental impact reduction, and ongoing monitoring and planning. There is debate over the long-term benefits of certification to biodiversity protection (e.g., Edwards et al., 2010; Carlson et al., 2017; Trolliet and Vogt, 2019), but the demand for certified products has increased in recent years, suggesting that social pressure will continue to influence commodity and natural resource markets (Dinerstein et al., 2019; The Economist Intelligence Unit 2021).
One element of certification (FSC Criterion 9) is the concept of High Conservation Values (HCVs), which falls into six broad categories that encompass ecological indicators and human dimensions associated with ecosystem health (Brown et al., 2013; Forest Stewardship Council 2015). The HCV process is increasingly used as a tool for land use planning at large spatial scales (Senior et al., 2015; Areendan et al., 2020).
Despite increasing use of the HCV process in conservation, challenges to effective implementation as it pertains to biodiversity and ecosystem values remain, due, in part, to a lack of specificity regarding target metrics (Senior et al., 2015; Tayleur et al., 2016). Also, in practice, there is a short time period for environmental assessment, resulting in limited collection of primary data (rapid field surveys at a small number of sites) and a reliance on secondary data sources for interpolation (Sollmann et al., 2017). HCV guidance recommends a precautionary approach to assessment, but in some regions (e.g., certain tropical regions with high levels of biodiversity), not enough is known about the biology, behavior, or interspecific associations of species to assess what is not observed.
In this paper, we present an assessment of biodiversity HCVs from a well-studied timber production system in Sarawak, East Malaysia: Sarawak Planted Forests (SPF). Using an original long-term multi-method dataset of avifaunal surveys as well as published datasets of other taxa, we 1) evaluate the presence of Rare, Threatened, and Endemic (RTE) species at the site as well as changes over time in species presence, 2) compare detection rates of different field methods, taking into account differences in spatiotemporal coverage, and 3) compare costs and benefits of the various methods. We place the work within the broader context of the HCV process by comparing biodiversity information from SPF to that presented in summary statements of successful HCV applications on the island of Borneo.
2 MATERIALS AND METHODS
2.1 Study Site
Field research was conducted within Sarawak Planted Forests (SPF; Figure 1), located within Bintulu Division (2.83°, 113.22°). Established in 1997, SPF was the first large-scale exotic timber plantation in Sarawak (Ellis 2007; Hall et al., 2007; Stuebing 2007). It was established near Bintulu, in part, because much of the landscape was already disturbed (logged native forest) or altered (primarily shifting cultivation). It encompasses an area of approximately 500,000 ha and includes ca 200,000 ha of exotic fast-growing softwoods: primarily Acacia mangium. The remaining area consists of designated Native Customary Rights land, and several large tracts of native forest intended to serve as both primary habitat and protective corridor for sensitive species (Stuebing 2007). Within the native forest area there is one Totally Protected Area known as Binyo-Penyilam National Park (BPNP, on paper called Danau Mujan), one protected area called Bukit Sarang (BS), a large area of previously logged (ca. 30 years ago) forest called Bukit Mina Wildlife Corridor (BMWC), and an adjacent area of native kerangas forest known as Bukit Nyegoh (BN). These areas include high priority ecosystems for protection, including peat swamp forest (BPNP), freshwater swamp (BS), and kerangas (BN) (WWF, 2009). Several national parks are adjacent to or near SPF including Bukit Mersing NP (adjacent), Bukit Kana NP (adjacent), Sungai Meluang NP (16 km from SPF), Bukit Tiban NP (18 km), Similajau NP (20 km), Hose Laga NP (28 km), and Bakun Islands NP (38 km). There is also considerable native forest within the SPF and to the South and East (Figure 1).
[image: Figure 1]FIGURE 1 | Map of Sarawak Planted Forests and surrounding landscape. The area indicated as native forest is forest that was previously logged (30 + years ago). TPA, Totally Protected Area; SPF, Sarawak Planted Forests. Areas labelled as Conservation Area are areas within SPF that are designated for conservation but have no formal protection otherwise.
2.2 Field Methods
2.2.1 Point Count (PC) Surveys
Point count surveys were conducted in July–August 2006 (BMWC, n = 216BPNP, n = 80) and September 2019 (BPNP, n = 80). Trained observers conducted timed point counts every 50 m along transects that were 1,000 m in length from 0600–0930 (Styring et al., 2011). For a duration of 3 min, observers documented every bird detected (visually or aurally) and estimated the distance of the bird from the observer using laser rangefinders (Buckland et al., 2015). In 2019, each point count was also recorded with a digital recorder. Habitat data were also collected at each point including variables associated with forest type, habitat complexity, and stand structure (Supplementary Table S1).
2.2.2 Bird Banding (BB)
Bird banding was conducted using a standardized capture array at BMWC and BPNP in 2018 and 2019. We established a minimum of three ∼1 ha net plots at each site with 36 net-meters distributed on each side and on a transect through the midpoint (see Figure 1 for an example). Nets were deployed over three to 4 days between dawn and an hour before dusk to accumulate a minimum of 15 h of net operations including at least two dawn and one evening capture period. Once net arrays had accumulated the minimum passive-capture target hours as well as the requisite dawn and dusk sessions, we deployed a select or full array on a final morning to target under-sampled species using sound-baiting with song playback or alarm calls. Netting was conducted under safety standards of the North American Banding Council (NABC, 2001). All birds captured were processed by marking individuals with a numbered aluminum band to keep track of recaptures. Beyond the circumstances of capture, the data collected from each individual included species, physiological evidence relating to age (skull ossification and plumage characteristics), sex (plumage, measurements and breeding condition, including cloacal protuberance, brood patch and eggs in the oviduct), condition (fat score and mass as well as plumage characteristics such as feather wear and plumage aspect), and molt status (active molt of flight feather and body tracts). Data categorizations largely followed the Institute for Bird Populations’ Monitoring Avian Productivity and Survivorship Protocol (DeSante et al., 2021). When possible, we took an in-hand series of photographs showing head, back, underparts, a spread-wing and tail, as well as a series of photographs of remiges and wing coverts using a Dino-Lite Digital USB microscope at ∼×25 magnification. Image data were cross-linked with field data and organized and accessioned into Adobe Bridge.
2.2.3 Dawn Chorus Surveys (DC)
Observers conducted dawn chorus surveys starting 15 min before dawn and lasting approximately one hour after dawn at BPNP (14–18, 27 September; 3 October 2019), BMWC (9–10, 12–20, 22–25. 27–28 March; 4–6. 8–12 April 2018), and BSCA (13–16 June 2017) (Parker, 1991). Observers slowly walked established survey routes while recording sounds with a field recorder and directional microphone. The recordist slowly moved the microphone in a circle and at angles from directly overhead to downslope. An additional field observer accompanied the recordist and quietly pointed out new calls and songs.
2.2.4 Autonomous Recorders (ARs)
Weatherproof, programmable recording units were deployed at BSCA (13 June–12 July 2017; n = 1), Bukit Nyegoh (9 March to 4 April 2018; n = 1) and BPNP (14 September–4 October 2019, n = 8). The recorders were programmed to record at two, 2-h intervals at dawn and dusk (starting from 15 min pre-dawn and again from 105 min pre-dusk). Recordings were saved to SD card and downloaded to Arbimon https://arbimon.rfcx.org/) for pattern matching analysis.
2.3 Analysis
2.3.1 Biodiversity Inventories
2.3.1.1 Avifauna
A master checklist of birds observed in SPF was compiled from surveys from 2005 to 2019. Most of the survey work was conducted by the current authors and researchers from Louisiana State University Museum of Natural Science (2006, 2007, 2008, 2010, 2011, 2017, 2018, and 2019). Other surveys included: a 2005 rapid assessment by a research team from the Academy of Sciences of Philadelphia, a 2009 rapid assessment of the Bukit Sarang area by field guide author Quentin Phillips, and a 2018 survey by a research team from the Smithsonian Institution. The species list generated from these surveys represents both systematic surveys (described in field methods) as well as incidental observations.
2.3.1.2 Other Taxa
We conducted a systematic literature review using the following search terms in google scholar: “Sarawak Planted Forests”, Sarawak + “Planted Forests Zone”, Sarawak + “PFZ”, “SPFZ”, “SPF”, “Bukit Sarang”, “Bukit Mina”, “Bukit Nyegoh”, “Binyo-Penyilam”, “Binyo”, and “Penyilam”. Results were then filtered to include studies with titles that covered the topics of ecology, biodiversity, taxonomy, conservation, forestry, or the name of a specific plant or animal. The remaining articles where then read to determine if presence information for one or more animal species was included in the study. Information from articles that included species information was then compiled into tables by taxonomic class. Details on the methods used and duration of study were also compiled.
2.3.1.3 Determination of Rare, Threatened, and Endemic Species (RTEs)
For all documented species, we searched the IUCN, (2021) for assessment information and noted species considered Vulnerable or more threatened (Vu+). We also searched CITES, (2021) Appdendix I, II, and III as well as species lists of the Wildlife Protection Ordinance of Sarawak (Forestry Department Sarawak, 1998). Whether or not a species was endemic was determined by: 1) research papers, 2) bird and mammal field guides (Phillipps and Phillipps, 2014; Myers, 2016; Phillips and Phillipps, 2016), 4) and descriptions in the IUCN, (2021).
2.3.2 Species Richness, Detection Rates, and Change Over Time
For point count and bird banding datasets, we compared daily species detection rates among the four sites using a Kruskall-Wallis Chi-squared test in R Core Team, (2021). We used Dufrene and Legendre, 1997) Indicator Species approach in PC-Ord 7.0 (McCune and Mefford, 2018) to determine if certain species indicated three different habitat types: peat swamp forest (BPBNP), kerangas forest (BN) and lowland dipterocarp forest (BMWC). To assess change over time at BPNP, we conducted Non-Metric Multidimension Scaling analysis (NMS) with year of survey (2006, 2019) as the grouping variable. A Multi-response Permutation Procedure (MRPP) was used to test the H0 = no difference in community structure between survey years. We also compared daily species richness detection rates by method (point counts or bird banding) with Kruskall-Wallis Chi-squared test and Indicator Species Analysis.
2.3.3 Detection of Rare, Threatened, and Endemic Species
The term “rare” can refer to species with restricted ranges, low population density, patchy occupancy, or skittish and elusive behavior (Gaston, 1994; Cerqueira et al., 2013). For those reasons, we did not consider degree of rarity as a criterion for assigning a species as an RTE. However, we did look at relative abundance of species determined to be Vulnerable or above by the IUCN in the point count dataset. We generated rank-abundance charts in excel to look at patterns of relative abundance and detection per km of survey transect. This allowed us to see patterns of abundance in species with significant threats to their persistence.
We established a list of RTE’s that met the following criteria: a species 1) was listed as Near-threatened, Vulnerable, or Endangered by the IUCN, (2021), 2) was likely to be detected using the surveys methods (e.g., most nocturnal birds were unlikely to be detected by our methods), and 3) provided high-quality sound files that could be used for pattern-matching analysis (see below). We ended up with a list of 26 species, of which six were Bornean Endemics and 24 were considered Vulnerable or Endangered by the IUCN (Table 1).
TABLE 1 | Species analyzed for presence in dawn chorus and autonomous recordings using pattern matching analysis.
[image: Table 1]Using templates of bird vocalization recordings, we used a pattern-matching analysis in Arbimon RFCx (2021) (https://arbimon.rfcx.org/) to search for RTE’s in the recordings from dawn chorus surveys and the autonomous recorders for each study site. Matches were validated by ARS, and the date of first detection for each sample unit was determined in matches validated as “present”. Date of first detection was also documented for all RTE’s detected in point count and bird banding surveys.
We compared daily detection rates of RTEs using Kruskall-Wallis Chi-squared analysis in R Core Team, (2021). We analyzed the relationships between spatial coverage and survey duration for the methods on daily RTE detections using ordinary least squares regression with per-sample survey area and duration as variables and interaction terms. We used a model selection approach with backward and forward stepwise selection and Akaike Information Criterion (AIC) to determine the model of best fit.
A table summarizing method type, data produced by each method, gear costs, people needed (and skills), and post-survey processing time was compiled to compare costs and benefits of each method. Gear costs were determined from gear lists that the survey team used each field season (and cost of new equivalent equipment in 2021, in USD). People required for each method was determined from field survey data and was determined to be the optimal number to complete the survey during the intended timeframe. Post-processing time was determined from timesheet accounting of each survey method. We then ranked each method as it compared to the others in terms of costs (equipment, person time, relative training time) and ‘benefits’ in the form of data resolution, spatial coverage, and long-term research potential of the datasets (with datasets that produce a large amount of acoustic or image data having higher potential compared to datasets with a smaller amount of digital image or sound data).
2.3.4 Comparison to successful HCV applications.
To compare the results from SPF to successful HCV applications, we searched for summary reports of successful HCV applications on the island of Borneo using the HCV Network’s Report search function (https://hcvnetwork.org/find-a-report/?acs-action=advanced-search) and searching for summary reports from Malaysia, Indonesia, and Brunei. Reports were then filtered to include only those from Sabah and Sarawak (Malaysia) and Kalimantan (Indonesia). Each report was read and we compiled information on; 1) the duration of field work focused on HCV-1 Biodiversity, 2) the type and number of species documented as well as the IUCN threat status of documented species.
3 RESULTS
3.1 Biodiversity Inventories
Combined survey efforts resulted in the detection of 216 bird species across the four sites (Supplementary Table S2). Fifteen species were listed as Vulnerable, three as Endangered and one (Rhinoplax vigil) as Critically Endangered. This represents 66% of all IUCN-listed bird species (Vulnerable+) occurring in lowland forests in Borneo. Twenty-one species were CITES-listed. Forty-five species were listed as Protected in Sarawak and 15 as Totally Protected. New species were added to the area list in six of the eight field seasons of this research, with the most recent addition being Bonaparte’s Nightjar, considered Vulnerable by the IUCN in September 2019. Point counts, dawn chorus recordings, bird banding, and autonomous recorders detected 13 of the 19 IUCN-listed (Vu +) species in the study, with the remaining six species either observed incidentally by the survey team (Rhinoplax vigil, Lophura ignita, and Alophoixus tephrogenys) or detected by the other survey teams (Nisaetus nanus, Pitta nympha, and Ptilocichla leucogrammica).
For non-avian taxa, a literature review using the described search terms resulted in a list of 83 publications that included ecological or biodiversity research focused on the study sites described in this paper. Of those publications 60 included species-level information with 18 publications documenting flora and 42 documenting fauna. When two or more publications provided the same species information, the earliest published paper was selected as the reference. Ultimately, we referenced 25 publications presenting specific data documenting presence of non-bird animal taxa at the sites of interest. The animal classes with presence information were: Actinopterigii, Amphibia, Reptilia, Mammalia, Insecta (Odonata), Malacostraca, and Gastropoda (Supplementary Tables S3–S8).
The resulting species lists documented 205 non-bird species, 36 of which were listed as Vu+. A number of new species were described in these papers including: one new species of fish (Hui and Lim, 2007), one new species of frog (Inger et al., 2006), eight new species of Odonate including one new Genus (Dow and Orr, 2012; Dow, 2013; Dow, 2020), and two new species of crab (Grinang and Ng, 2021; Ng, 2021). A new distributional record was also documented for a rare bat species (Rahman et al., 2010). Effort across these studies ranged from relatively constant and continuous for mammals (camera trapping, constant effort over a period of 2 years, and continuing currently) to shorter in duration (gastropods, fishes; see Supplementary Table S3). Mammals and Odonates were sampled most intensively out of these groups, and the numbers of IUCN Vu + species detected represented 66% (mammals) and 27% of the possible species.
3.2 Species Richness, Detection Rates, and Change Over Time
Survey efforts that focused on total bird species richness and abundance comprised 32, 1-km point count transects, totaling 156 survey hours, and 1724 individual detections of 139 species and 10, 1-ha mist net plots over 30 survey days, 295 survey hours, and 409 captures of 67 species. Among-site variation in daily species richness did not differ significantly, but indicator species analysis identified 17 species that were significant indicators of lowland dipterocarp forest (found in BMWC), two indicators of kerangas forest (BN), and three indicator species of peat swamp forest (BPNP; Table 2). Community analysis (NMS) and comparison (MRPP) of BPNP a from 2006 to 2019 revealed a significant difference in community structure between the two time periods and species accumulation curves show higher species accumulation in 2019 (Figures 2, 3).
TABLE 2 | Indicator species for forest type.
[image: Table 2][image: Figure 2]FIGURE 2 | NMS ordination of point count transect data at Binyo (2006 and 2019). MRPP value T = 2.9, A = 0.5, and p = 0.01.
[image: Figure 3]FIGURE 3 | Species accumulation plots for point count surveys at Binyo-Penyilam (2006 and 2019). Lines represent standard deviation. Per point richness (S) and diversity (H′) ± (s) 2006: S = 5.6 ± 2.6, H’ = 1.5 ± 0.5; 2019: S = 7.7 ± 2.7, H’ = 1.9 ± 0.4.
Analysis of detection rates of all species from point counts and bird banding resulted in a significant difference in daily detection rate between the two methods with point counts having significantly higher daily species detections than banding (Kruskal–Wallis chi-squared = 47.676, df = 1, p-value < 0.00001; Figure 4), with 82 indicators of point counts and three indicators of bird banding (Table 3).
[image: Figure 4]FIGURE 4 | Average daily species richness of point counts versus bird banding (Kruskal–Wallis chi-squared = 47.676, df = 1, p-value < 0.00001).
TABLE 3 | Indicator species for field method.
[image: Table 3]3.2.1 Detection of Rare, Threatened, and Endemic Species
Survey efforts focused on detection of RTEs included 40 days and 42 h of dawn chorus surveys and 10 independent autonomous recorder deployments accumulating 600 h of sampling time. We conducted 448 pattern matching analyses, resulting in 108,212 matches of templates and 46 analyses (with a total of 2,855 matches) resulting in at least one confirmed detection among the matches. We confirmed 431 matches as actual detections of 11 of the 26 focal species.
Daily RTE detection varied significantly among methods with point counts having higher daily detections of RTEs compared to bird banding (Kruskal Wallis chi-squared = 16.9, DF = 3, p = 0.0007), and both point counts and ARU’s having higher daily accumulation of RTEs (Kruskal Wallis chi-squared = 17.9, DF = 3, p = 0.0005; Figures 5A,B).
[image: Figure 5]FIGURE 5 | Average (per day) detection of (A). RTE’s (Kruskal Wallis chi-squared = 16.9, DF = 3, p = 0.0007); and (B) number of total RTE’s by method (Kruskal Wallis chi-squared = 17.9, DF = 3, p = 0.0005). Error bars represent 95% confidence intervals. Pairwise comparisons of methods indicated significant differences between bird banding and point counts (A and B) and between bird banding and autonomous recording units (B).
Regression models of the response of RTE detection to sampling duration, sampling area, and interaction term resulted in a significant model (F = 3.81, DF = 3, 38, p = 0.02, r2 adj = 0.2138; Table 4). Backward and forward stepwise model selection resulted in congruous results and two nearly equivocal models with the best explanatory power: 1) the full model that accounted for sampling area and sampling duration plus interaction between the two parameters, and 2) a model including just sample duration (Table 4). Daily RTE detection rates increased with sample area significantly (F = 54.75, DF = 1, 30, p < 0.0001, adj r2 = 0.6342; Figure 6). Rank abundance plots from point count data plotted eight of the 13 RTE species detected at the study sites. The RTE species with the highest abundance was Black Hornbill (Anthracoceros malayanus; 1.4% of total abundance) and that with the least was Wrinkled Hornbill (Rhabdotorrhinus corrugatus; 0.03% total abundance; Figures 7A,B).
TABLE 4 | Regression table a. and model selection and b. for RTE ∼ Sampling days + Area (ha) + Sampling days x Area (ha). F = 3.81, DF = 3, 38, p = 0.02, r2 adj = 0.2138.
[image: Table 4][image: Figure 6]FIGURE 6 | RTE’s per day across sample area.
[image: Figure 7]FIGURE 7 | Rank abundance (A) percentage of total abundance by species rank (from most abundant to least) and (B) as average number of individuals per 1 km of survey transect. Yellow highlighted bars represent the eight species listed as Vulnerable or more threatened by the IUCN that were detected on during point counts.
3.2.2 Costs and Benefits of Methods
Dawn chorus surveys were the least costly method in terms of equipment, and equipment-life is 5–10 years if protected from moisture and shock (Table 5). The method requires two observers, at least one highly-skilled in bird vocalization. Preparation time is about 15 min per survey, and processing time after survey completion is about 3 hours. Point count surveys require similar gear as dawn chorus surveys, but the addition of a laser rangefinder is needed to make accurate distance estimates (they can also help with some habitat data collection). Point counts also require time investment from preparation to post-survey processing. Field time for point counts is longer due to collection of habitat data. Over a 10-days survey, 7–10 days of data can be collected for both point counts and dawn chorus surveys. Autonomous recording units are more expensive to deploy, and they tend to have a shorter lifespan due to their exposure to the elements. Person and time investment in the field is lower compared to other methods, and the skills required for field deployment are more technical than skill in sound identification. Sample time can be maximized by long deployments and continuous or nearly continuous recording. Post-survey processing time for ARUs is substantial, with an average of 4 days for every 10 days of deployment (recording 4 hours per day). Bird banding is the most expensive of the four methods in terms of initial gear costs, but much of the gear can have a long lifespan with proper care. The method also requires substantial time investment in preparation and more people are needed for field work over a longer (10-h) field day. Post-survey processing time is relatively low for bird banding, and the amount of data gathered per individual is higher than other methods.
TABLE 5 | Methods details. A. Equipment lists and costs do not include basic field supplies needed for ornithological work such as binoculars and field notebooks/datasheets, etc. Equipment lifespan is an estimate based on the lifespan of gear used in the surveys described in this study. Gear was subjected to hot and humid conditions during field deployment, then cleaned and stored in secure, dry storage. Post processing estimates are based on a hypothetical 10-days survey trip (not including travel time to/from survey location). This processing time would increase for autonomous recorders if more than 10 recorders are deployed. All prices are in USD. B. Rank of methods. Rankings are from * to **** with * representing low and **** representing high for the variables listed.
[image: Table 5]3.3 Comparison to Successful HCV Applications
We reviewed the summary statements from 33 approved HCV applications from Sabah, Sarawak, and Kalimantan. All of these statements provided information regarding the timeline of the process including the number of field days focused on assessment presence of RTE species in the proposed area. Twenty-six of the statements also included information on species that were documented to be presented including species listed as Vulnerable or more threatened by the IUCN. Among those applications, the average number of days of field work was 8.9 (sd ± 5.7). The species documented averaged 10 (sd ± 6.2; Supplementary Table S9). In many cases, the focus was on highly endangered mammal species such as Bornean Orangutan or Sunda Pangolin (Supplementary Table S9). By comparison, the avian survey work (not including rapid assessments by other teams) totaled 71 calendar days by teams in the field and an additional 30 days of autonomous recording. Average field visit length at the sites was 14.2 (sd ± 10.4). On most research trips, teams also conducted surveys in Acacia mangium plantation which, if included, averaged 24 (sd ± 9.4).
4 DISCUSSION
4.1 Biodiversity Metrics for HCV
The Sarawak Planted Forest (SPF) sites surveyed in this study were embedded within a landscape that, although heavily disturbed and largely covered by plantation, contained substantial areas of native forest, represented high-priority ecosystems, and were in close proximity to other protected areas (Figure 1). Original bird data from this study combined with research focused on other taxa resulted in a compiled list of 420 animal species, of which 55 are listed as Vulnerable or more threatened by the IUCN. Additionally, 12 species new to science have been discovered within the area, with some possibly endemic to sites within SPF. This assessment did not evaluate information from floristic studies, which also have described new species (e.g., Kiew and Sang, 2009; Kiew and Sang, 2013; Lin C.-W. et al., 2014; Lin W. et al., 2014; Lin et al., 2017).
The purpose of biodiversity criteria in the HCV process is to document evidence of RTEs rather than generate a comprehensive biodiversity inventories. The field work element of HCV applications from other locations in Borneo was relatively brief and combined field survey methods with interviews of locals. In most cases the focus of these efforts was on conspicuous and charismatic species, such as orangutans and hornbills, although some applications provided more comprehensive datasets. Although there is no specific guidance about whether some RTEs are more indicative of HCV compared to others, the most frequently mentioned species in the assessments included: Pongo pygmaeus, Helarctos malayanus, Sus barbatus, and Manis javanica. Hornbills (Rhinoplax vigil, Buceros rhinoceros, and Anthracaceros malayanus) were also mentioned in a number of applications. Data from SPF documents presence of the most frequently-mentioned species with the exception of Bornean Orangutan as the area is outside of the species’ range.
4.2 Best Practices for Field Assessment and Monitoring
We evaluated the efficacy and costs of four different survey methods commonly used for biodiversity inventory of birds. Our findings largely agree with other comparative research. Each method requires different skill sets and has different biases in detection. Studies that compare methods usually recommended that multiple methods be used when the goal is comprehensive biodiversity inventories (Martin et al., 2010; Cellis-Murello et al., 2012; Leach et al., 2016; Wheeldon et al., 2019; Darras et al., 2019). Many HCV applications document a pre-assessment phase in addition a full assessment, and there are long-term monitoring requirements (Furumo et al., 2019). We recommend specific types of survey methods for assessment and monitoring.
4.2.1 Autonomous Recording Units–An Effective Tool for Assessment and Monitoring
Programmable autonomous recorders are becoming increasingly affordable, durable, and lightweight, making the deployment of numerous ARUs across a large landscape feasible. Additionally, the archive of raw sound data produced by ARU’s can serve as an important resource for subsequent research projects (Digby et al., 2013; Krause and Farina, 2016). Some drawbacks of this method are: 1) non-vocal species are not detected, 2) large amounts of data to search for focal species, 3) demands of large datasets in terms of computing power and media storage, 3) maintenance, repair, and replacement costs. However, many of these drawbacks will become less problematic as technology advances (Digby et al., 2013; Darras et al., 2018; Metcalf et al., 2021).
In our study, autonomous recording units had comparable detection rates of RTE’s compared to dawn chorus surveys, but they surpassed DC surveys when geographic coverage was larger, and deployment time was longer (weeks/month). This finding is consistent with other studies that recommend ARUs be deployed across a large geographic area and sample strategically to increase probability of detection (Digby et al., 2013; Metcalf et al., 2021). ARUs are becoming more affordable with higher recording capacity and longer battery life (Table 5) but will likely require long-term costs for maintenance, data processing, and replacement. They lower in-person field-time requirements and the datasets generated by ARUs are large. The amount of post-sampling processing time can be substantial (Table 5) but the field of pattern matching analysis and song recognition is rapidly evolving, making speed of identification most likely quicker in the future. Ultimately, ARU’s are likely to be the most useful method for detecting and documenting rare, nomadic, and elusive species, which constitute a substantial proportion of RTEs. We recommend that ARUs be deployed for full assessments and for long-term monitoring efforts. Ideally, sampling strategies would include high probability detection times (such as the dawn chorus) as well as strategic sampling during other time periods across a large area (Metcalf et al., 2021).
4.2.2 Point Count Surveys for Assessment and Periodic Monitoring
Point count surveys had the highest rates of overall species detection as well as the highest rates of detection for RTE’s compared to the other survey methods examined in this study (Figures 4; Figures 5A,B). This is likely due in part to the relatively large area covered (Figure 6; Table 5). This finding is consistent with research comparing point counts and ARUs when the geographic scale covered by each method is similar (Klingbeil and Willig 2015; Leach et al., 2016). Point counts also produce data on the entire community of birds (species and abundances) and can be readily analyzed with habitat data collected at each survey point to determine key habitat features important in predicting community composition (Styring et al., 2011). They also have the advantage of being relatively low-cost in terms of equipment, and they are quick to process once the field survey is complete (Klingbeil and Willig, 2015). However, they require a relatively intensive survey effort and skilled observers with the ability to detect most of the bird species by sight and sound. If less-skilled observers conduct the surveys, they may make recordings of their point counts including verbal notes about the appearance or sound of unidentified birds. The notes and recorded surveys can be shared with a more experienced collaborator who can likely make determinations from many of the unidentified observations using the verbal notes and cues in the recordings.
We recommend that point counts and associated habitat surveys be part of both full assessments and long-term monitoring efforts (with point count resurveys occurring every 5–10 years). A robustly-sampled dataset can serve as a baseline of community-level information. Distance sampling is a particularly useful approach because circumstances that may influence detection (observer differences, habitat change, etc.) can be identified and accounted for among survey years, habitats, and observers (Buckland et al., 2015).
Although point counts had the highest detection rates for overall species and RTEs, they did not detect all of the RTEs present at the study sites. RTEs are generally uncommon to rare (Figures 7A,B) and tend to require larger survey areas over longer time periods. Nine of the 13 RTE species detected by the survey methods used in this study, were detected during point count surveys. The remaining four species were detected by other methods: Berenicornis comatus (ARU, DC), Caprimulgus concretus (ARU), Centropus rectunguis (ARU), and Mulleripicus pulverulentus (ARU, DC). Three other species were detected by point counts at some locations, but with other methods at other locations: Buceros rhinoceros (BS, ARU; BN, DC), Psittacula longicauda (BN, DC), and Setornis criniger (BN, BB). Assessment approaches using more than one survey method have better chances of detecting more RTEs. These findings are consistent with other research suggesting that acoustic methods and point counts be used together (Digby et al., 2013; Darras et al., 2017; Wheeldon et al., 2019).
4.2.3 Bird Banding as the Cornerstone of Long-Term Monitoring
Mist-netting and bird banding provides the most detailed information on the population structure, demography, and seasonal patterns of avian cycles for understory forest birds (DeSante et al., 2001; Dunn and Ralph, 2004). However, it is not the ideal method for conducting comprehensive biodiversity inventories due to the limited spatial scale of capture compared to detections from other survey methods (Remsen and Good, 1996).
Bird banding provided the lowest daily richness rates in this study and required high sampling and pre-sampling effort. It is the most expensive of the four methods at the outset, but long-term equipment costs are relatively low with proper equipment care. Though banding has low detection rates for richness, it is the best way to document secretive and inconspicuous understory species that do not vocalize frequently including migratory species (Martin et al., 2010). During the study period, we banded migratory species not detected by other methods such as Larvivora cyane, a Least Concern species (IUCN Redlist) that is thought to be declining range wide. We also banded resident species that were rare, patchy, not-well known, and not detected with other methods including: Harpactes orrophaeus, an uncommon trogon with unknown breeding season and behavior, and Malacopteron albogulare–a rare species restricted to nutrient-poor forests such as kerangas and peatswamp. M. albogulare is a Near-threatened species with an unknown breeding biology. We netted, numerous individuals in breeding condition at BN over a 3-week period in March-April 2018.
Even among species that are readily detected during point counts, many are still relatively unknown in terms of breeding biology and population demography including species that are likely to be captured in nets such as Setornis criniger, and Copsychus pyrropygus. Because of the wealth of critical data that can be collected on birds in the hand, we recommend that bird banding an essential element of long-term monitoring efforts. Banding efforts could occur during wetter and drier months each year and would provide vital information on the seasonal cycles and population dynamics of many understudied species. Long-term monitoring efforts that included bird banding could result in valuable information on the vital rates such as productivity, survivorship, sex ratio, and dispersal. Such information could be used to more effectively predict population change and manage sensitive populations (Francis and Wells, 2003; Dunn and Ralph, 2004).
4.2.4 Dawn Chorus Recordings–When the Opportunity Arises
The use of recordings of the dawn chorus to rapidly inventory avifaunal diversity was an early and effective use of acoustic tools in the study of biodiversity (Parker, 1991). These surveys need to be conducted by people who are highly skilled at bird vocalization identification (Parker was reported to know the vocalizations of over 4,000 species). In this study, dawn chorus recordings had lower daily detection rates compared to point counts. This result contrasts with the findings of Parker, (1991). One likely cause for the difference is the amount of transect length covered each day which averaged 2 km for Parker and <1 km for our survey teams. To cover more transect during a 1-h dawn chorus survey, observers must be moving along trails or roads that are relatively clear and easy to navigate quickly. Observers must also be selective in recording species with the goals of documenting new species. The quality and power of the direction microphone used could also have an impact, but is likely not large in the case of this study. Dawn chorus recordings likely have the potential to detect as many or more species per day as point counts given those considerations.
There are challenges with the data from dawn chorus surveys in terms of comparability across sites and between time periods (Herzog et al., 2002). This is because the goal of the recordist is to document as many species as possible a dawn, which may result in changing effort across a survey on any given day. Additionally, advancement of passive methods has begun to replace this type of survey method due, in part, to the difficulty in finding the expertise needed (Krause and Farina, 2016). However, dawn chorus surveys could be undertaken opportunistically. They are useful in siting locations for future point count transects and bird banding plots. The recordings serve as a reference archive of the environment including presence of other vocal species (such as vocal mammals and frogs). They are also low cost in terms of equipment and post-survey processing time is relatively short. Although dawn chorus surveys conducted by less skilled observers do not document as many species (due to the less targeted nature of the recording), they are a very useful learning tool for observers and technicians who wish to improve their bird identification skills.
4.3 Implementation
Because organizations are often limited in time and resources available for assessment and monitoring, methods that are low cost, low effort, and that rapidly result in the needed data will be implemented more readily than methods that require higher investment in resources (Greenwood, 2007; Danielsen et al., 2008; Neate-Clegg et al., 2020). In practice, the issues of time, effort, expertise, and data quality are often at tension with one another with relatively low-cost approaches requiring more intensive quality control efforts (Wiggins et al., 2013).
4.3.1 Assembling Survey and Monitoring Teams: Partnerships and Knowledge Building
A challenging element of conducting assessments or implementing long-term monitoring is finding and assembling teams of people with the applicable knowledge and skills in the required timeframe. In much of North America and Europe, this challenge is met by hiring skilled applicants for short time periods, relying on volunteer participation, or hiring environmental consultants. There are strengths and weaknesses associated with each option in terms of cost, data integrity, and transparency. In countries that may not have a large volunteer base or many individuals with the relevant knowledge base, partnerships with NGOs or research institutions from other countries may be an effective approach (Danielsen et al., 2008). The expense of these collaborations varies in terms of cost-sharing and time, with collaborations that commit to local knowledge building having the greatest long-term success (Greenwood 2007; Danielsen et al., 2008).
For some methods, such as deployment of ARUs, collaborations could be relatively low cost with experienced partners providing training and troubleshooting to local researcher via remote workshops and tutorials. Data analysis could be collaborative with pattern-matching analysis and species determinations occurring via a shared analysis and data management platform. Other methods, such as point counts, may require in-person survey work and training. This could occur through a combination of workshops focused on species identification and survey methodology. More intensive knowledge-development, like that involved with bird banding, may take the form of intensive training workshops and development of skilled in-country banders who can then train others (Greenwood, 2007).
A large amount of what we know about bird populations in North America and parts of Europe comes from large community-science programs such as MAPS (Monitoring Avian Productivity and Survivorship, DeSante, 2001), Breeding Bird Survey (Ralph et al., 1995) and eBird (Aceves-Bueno et al., 2017). These efforts work when there are large numbers of people who watch birds recreationally. The popularity of birdwatching is growing around the world (e.g. Walther and White, 2018). Cultivating the advancement of a community-science culture among birdwatching communities will help broaden the knowledge base among local conservation-interested communities that can be used for long-term monitoring. Ensuring High Conservation Values over the long-term relies heavily on knowing the population patterns and processes of sensitive species in an area, which, in turn, relies on having a knowledgeable workforce and community base. Developing this knowledge base is a high priority to the long-term viability of the HCV process.
4.3.2 Collection, Sharing, and Archiving of Sound, Image, and Observational Data and Metadata
Each method described in this study can generate diagnostic evidence of species presence such as a sound recording or photograph, though not every species can be effectively documented in a given survey or with a given method. For example, birds not readily captured in mist nets are difficult to photograph in a way that is diagnostic, not all species vocalize regularly, and some rarely vocalize at all making recording difficult. But positive evidence in the form of image or sound is a useful resource in documenting species presence as well as variation over space and time. We recommend that, whenever possible, assessment and monitoring methods have accompanying sound or image data and that all data and metadata be shared broadly (Wiggins et al., 2013). Point count surveys can be recorded with either a good quality digital recorder and directional microphone, or a smart device set for high-resolution recording. Dawn chorus surveys and autonomous recorders generate large amounts of acoustic evidence, and birds captured and processed during banding activities can be photographed at high resolution and with macro- and microscope lenses to evaluate plumage and molt. Making these media available to the broader scientific and conservation communities improves overall understanding of species distributions, variations, and seasonal patterns (Michener 2015). Many databases are available to professional and community scientists such as iNaturalist (https://www.inaturalist.org/home), xeno-canto (https://www.xeno-canto.org/), eBird (https://ebird.org/home), and gbif (https://www.gbif.org/). Crowdsourced analytical tools such as R and Arbimon (https://arbimon.rfcx.org/) have made it increasingly possible for researchers and interested community members to undertake collaborative research by sharing templates and analysis results (Lahoz-Monfort and MacGrath, 2021). These tools provide a venue for more people to participate in documenting diversity, and we are learning more about species distributions and uses of disturbed habitats as a result. Although there are risks of sharing data, especially for species that are threatened by the illegal wildlife trade, protections are in place in many cases that help prevent this problem (Tullock et al., 2018).
4.4 The Value of Disturbed Landscapes
Five timber plantations and other production landscapes often have limited access, and we therefore, know much less about these areas compared to densely populated areas or public-access protected areas. Research from SPF area provides insight into an industrial production landscape. Over a 15-year period, research teams, produced a relatively comprehensive species list for birds and other taxa. Despite a large amount of effort, new species are being added to the list regularly. This is likely due, in part, to patterns of commonness and rarity in high-diversity ecosystems, and, in part, to transients passing through an area, and in part due to changes in habitat and vegetation relating to larger scale patterns of land use and changes in climate. One likely, but understudied cause is the nomadic nature of many Bornean species and how patterns of large-scale movement and population change are influenced by weather and climate cycles that are longer than 1 year in duration. Species such as Sus barbatus and Helarctos malayanus undergo long-term patterns of population growth and decline associated with El Nino events (Curran and Leighton, 2000; Wong et al., 2005). Other species such as Carpococcyx radiceus are known to follow Sus barbatus movements, and others such as Pityriasis gymnocephala, Corydon sumatranus, are nomadic, but the root causes are still unknown. As these species face multiple population threats, understanding their basic biology is increasingly important to their long-term survival. Sensitive species use disturbed and degraded natural forests (Edwards et al., 2011) as well as novel ecosystems such as exotic timber plantation if the conditions in the environment are suitable (Sheldon et al., 2010; Styring et al., 2011; Stying et al., 2018). It is important that we understand the role of disturbed landscapes including production landscapes to these animals.
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Eurylaimus ochromalus 0.003
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Terpsiphone affinis 0.002
Pycnonotus erythrophthaimos 0.001
Tricholestes criniger 0.018
Stachyris maculata 0.040
Stachyris rufifons 0.029
Macronous borneensis 0.013
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Malacopteron magnirostre 0,010
Trichastoma bicolor 0.001
Irena puella 0.035
Copsychus malabaricus 0.006
Diceaum trigonostigma 0.026

Kerangas (Heath) Forest Malacopteron albogulare 0.048
Cyornis umbratilis <0.001

Peat Swamp Forest Chrysophlegma miniaceum 0.048
Aegithina viridissima 0.019

Diceaum cruentatum 0.029
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