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BRYOPHYTES

PROTOCOL 1 - BRYOLAT methodology (Ah-Peng et al. 2012) (and see our Fig.1, main text and Fig. S1 below)
Taxa - Bryophytes
Experimental design – two 10 m x 10 m plots within the main 50 m × 50 m plots (Fig. S1)
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Figure S1. BRYOLAT Protocol: a) A transect on a given island; at 200 m elevation steps, two plots (black squares, 10 m × 10 m) are placed within 10 to 15 m of each other; b) each plot is divided into 25 quadrats (grey squares, 2 m × 2 m), from which three are sampled; c and d – each quadrat is thoroughly examined for different substrata, and three microplots (red rectangular shapes, 5 cm × 10 cm) are collected on every microhabitat, except on trees, where nine replicates are made.
Frequency - The complete protocol should be applied for an initial inventory. The monitoring protocol as described in the main text is adequate for sampling every ten years.
Protocol 1A - The complete inventory Protocol (24 samples per 2 m × 2 m quadrat)
Corticolous (TA, TB, TC): selected on three trees at 3 different heights (TA: 0-50 cm, TB: 0,5–1 m and TC: 1–2 m), when populations are present. For each elevational level, a total of 54 collections of 50 cm2 each can be achieved if no restrictions on the presence of microhabitats and/or bryophytes are encountered.
Epiphyllous (Lf): in each quadrat, three samples of epiphyllous bryophytes are collected, depending on the size of the vascular plant’s leaf. Try to get a surface of 5 cm × 10 cm. Sometimes, for tiny leaves it is necessary to collect many of them, whereas for large plants, it will be necessary to select and cut a surface of 50 cm2. 
Humicolous (Hu): three samples per quadrat are taken from the humus on the ground; this corresponds mainly to the carpet mosses (at high elevations).
Lignicolous (Li): three samples (50 cm2), per quadrat, are selected on decaying wood when the habitat is available. Samples are collected at the surface of the decaying wood.
Rupicolous (Ru): three samples (50 cm2), per quadrat, are selected on rocks when the habitat is present.
Terricolous (Te): three samples (50 cm2), per quadrat, are selected directly on the soil. It is important to try to collect samples that look different on the ground to capture most of the diversity.

SAMPLING EFFORT: 
Field work

It is advisable to have two researchers per 2 m × 2 m quadrat, in which one is preparing the sample envelopes and labelling them while the other is doing the sampling and characterizing the habitat, allowing to double check sample labelling as well as bryophyte presence for each microhabitat. Two persons take 15–20 min per quadrat; thus for each elevation level, protocol execution takes 40–45 min with a team of six people. All specimens from one quadrat will be transferred to a plastic bag labelled with the elevation and quadrat number.
Lab work

After the fieldwork, samples are air-dehydrated by leaving them open, in the sun for 1–2 days or in a well-ventilated room, and then curated. Envelopes are folded from A4 paper, reporting how many samples have been collected for each microhabitat and at each elevation. Subsequently, all bryophyte species are sorted out at the genus level and listed on the back of the envelope. The coefficient of Braun Blanquet is applied for phytosociological purposes. After sorting out the specimens at the genus level, the determination at species level for all specimens is done by genus for each group separately (mosses, liverworts and hornworts). This accelerates the process of identification, as in rain forest a surface of 50 cm2 can host more than 20 species, so working on one genus at a time facilitates the identification by using homogeneous literature.

ETHIC GUIDELINES: All collectors should get permits from local authorities to work on protected areas and sample bryophytes. Rare and threatened species should be carefully managed and if possible after identify them in the field take a very small voucher to the Herbaria.  
Protocol 1B - The BRYOLAT monitoring protocol (9 samples per 2 m × 2 m plot)
To optimize the BRYOLAT protocol for monitoring we adopted a beta diversity framework that additively partitions beta diversity into species replacement (βrepl) and richness (βrich) differences (Carvalho et al. 2012, 2013):

βtotal = βrepl + βrich

Using the R package BAT (Cardoso et al. 2015), the summed absolute difference between sampled and true beta diversity values were minimized by choosing the optimal combination of samples per method for each total number of samples along an accumulation curve (see Fig. 1 in Cardoso et al. 2016 for the complete process). This was done using 1000 runs per sampling level based on the bryophyte inventory protocol (BRYOLAT), using data from Terceira and La Réunion (see Gabriel et al. unpublished data) (Fig. S2). 
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Figure S2.  Optimization results of the monitoring protocols for bryophytes (BRYOLAT) in oceanic islands. Left panel with average of absolute differences between true and sampled beta diversity: black = optimized sampling; grey = random sampling and 95% upper and lower bounds of the confidence limits. Central panel with the optimal accumulation of samples per method: Black = Hu (Humicolous); Red = Lf (Epiphyllous); Green = Li (Lignicolous); Blue = Ru (Rupicolous); Cyan = TA (Corticolous at 0-50 cm); Magenta = TB (Corticolous at 0,5-1 m); Yellow = TC (Corticolous at 1-2 m); Grey = Te (Terricolous). Right panel show the optimal proportion of samples per method (same colour codes as in the central panel).

The protocol was optimized to deal with collectors’ exhaustion, commonly attained after six fieldwork hours per day (Cardoso 2009), using nine samples in BRYOLAT (40 minutes per sample). The accumulation curves of sampling bias as a function of number of samples were also plotted and compared with the accumulation of a randomly chosen set of samples (Fig. S2).

For “BRYOLAT - Monitoring”, the ideal protocol involves nine samples out of the original 24 for each 2 m × 2m quadrat: two samples of humicolous (Hu), three samples of corticolous at 0–50 cm height (TA), two samples of corticolous at 1–2 m height (TC), one sample of rupicolous (Ru) and one of terricolous bryophytes (Te) (Fig. S2, Table S1). These nine samples are sufficient to minimize the average absolute error of 0.047 among the three beta diversity measures. This means a reduction of c. 33% of the original time, i.e., 5–8 min per 2m x 2m quadrat; thus for each elevation level, protocol execution will take 40 min with a team of 2 people.

	Table S1. Optimization results of monitoring protocols for bryophytes (BRYOLAT). We mark in grey an error of 5%. Hu (Humicolous);  Lf (Epiphyllous);  Li (Lignicolous); Ru (Rupicolous); TA (Corticolous at 0-50 cm); TB (Corticolous at 0,5-1 m);  TC (Corticolous at 1-2 m);  Te (Terricolous). 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Samples
	Hu
	Lf
	Li
	Ru
	TA
	TB
	TC
	Te
	Diff true beta

	0
	0
	0
	0
	0
	0
	0
	0
	0
	0.531

	1
	0
	0
	0
	0
	1
	0
	0
	0
	0.142

	2
	0
	0
	0
	0
	2
	0
	0
	0
	0.106

	3
	1
	0
	0
	0
	2
	0
	0
	0
	0.090

	4
	1
	0
	0
	0
	3
	0
	0
	0
	0.078

	5
	1
	0
	0
	0
	3
	0
	1
	0
	0.072

	6
	2
	0
	0
	0
	3
	0
	1
	0
	0.066

	7
	2
	0
	0
	0
	3
	0
	2
	0
	0.060

	8
	2
	0
	0
	0
	3
	0
	2
	1
	0.055

	9
	2
	0
	0
	1
	3
	0
	2
	1
	0.048

	10
	2
	0
	0
	1
	3
	0
	3
	1
	0.042

	11
	2
	0
	0
	1
	3
	0
	3
	2
	0.038

	12
	3
	0
	0
	1
	3
	0
	3
	2
	0.035

	13
	3
	1
	0
	1
	3
	0
	3
	2
	0.033

	14
	3
	1
	0
	2
	3
	0
	3
	2
	0.030

	15
	3
	1
	0
	2
	3
	0
	3
	3
	0.028

	16
	3
	1
	0
	2
	3
	1
	3
	3
	0.025

	17
	3
	1
	0
	2
	3
	2
	3
	3
	0.021

	18
	3
	1
	0
	2
	3
	3
	3
	3
	0.016

	19
	3
	1
	0
	3
	3
	3
	3
	3
	0.013

	20
	3
	1
	1
	3
	3
	3
	3
	3
	0.009

	21
	3
	1
	2
	3
	3
	3
	3
	3
	0.005

	22
	3
	2
	2
	3
	3
	3
	3
	3
	0.002

	23
	3
	3
	2
	3
	3
	3
	3
	3
	0.000

	24
	3
	3
	2
	3
	3
	3
	3
	3
	0.000

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	
	
	
	
	
	
	
	
	
	


The methods selected for the BRYOLAT monitoring protocol:

Corticolous (TA): selected on three trees at TA (0–50 cm). For each elevational level, a total of 18 collections (3 samples × 6 plots) of 50 cm2 each can be achieved if no restrictions on the presence of microhabitats and/or bryophytes are encountered.

Corticolous (TC): selected on two trees at TC (1-2 m). For each elevational level, a total of 18 collections (3 samples × 6 plots) of 50 cm2 each can be achieved if no restrictions on the presence of microhabitats and/or bryophytes are encountered.

Humicolous (Hu): two samples per quadrat are taken from the humus on the ground; this corresponds mainly to the carpet mosses (at high elevation). 
Rupicolous (Ru): one samples (50 cm2), per quadrat, is selected on rocks when the habitat is present.
Terricolous (Te): one samples (50 cm2), per quadrat, is selected directly on the soil. It is important to try to collect samples that look different on the ground to capture most of the diversity.

SAMPLING EFFORT AND COSTS: One researcher will be able to collect the necessary samples in the six 2 m × 2 m quadrats (three quadrats per 10m x 10m plot) at each elevation, i.e. one person/day. Costs depending on region, remoteness of places, etc. Five person/days are needed to process the samples of each elevation in the lab. 
Material initial costs: field lens ($50), paper bags ($50) and lab microscope and a stereo microscope ($5,000-$10,000).
ETHIC GUIDELINES: All collectors should get permits from local authorities to work on protected areas and sample bryophytes. Rare and threatened species should be carefully managed and if possible after identify them in the field take a very small voucher to the Herbaria.  

VASCULAR PLANTS

We suggest several possible approaches:

PROTOCOL 2 - Remote sensing (adapted from Gil et al. 2012)

Taxa - Vegetation patches at the community level targeting trees.
Experimental design - Sampling the 50 m × 50 m plots.
Frequency – Remote sensing allows cost efficient short-term (seasonal variation) and long-term studies, but adequate ground information (vegetation surveys) need to link spectral information to reality. Therefore, it should be implemented together with Protocol 3 below. 
Due to their small size, most oceanic island native forest areas have to be monitored by using preferentially high spatial resolution imagery (<10 m), although medium spatial resolution (<30 m) could be useful for some geophysical variables in island-scale mapping (e.g. soil, lithology). Consequently, the ESA Copernicus Sentinel 2 Mission (high-resolution multispectral imaging), which consists of a multispectral imagery mission with 13 spectral bands and resolutions of 10, 20 and 60 m and has a swath width of 290 km, may constitute a cost-effective (as data are fully free-of-charge), adequate and reliable remote sensing data source for supporting forest monitoring processes in islands. Despite the frequent high degree of cloudiness that characterizes many oceanic islands throughout most of the year, this mission will mitigate the impact of this issue by offering a high repeat cycle of six days at the equator and three days in mid-latitudes in the two-satellite configuration (Sentinel-2A and Sentinel-2B, respectively). Therefore, an island-scaled vegetation mapping program with high spatial (minimum mapping unit of 2,500 m2) and temporal (quarterly update) resolutions with an adequate classification scheme (at the species or community level when possible) is needed to address forest characterization and monitoring issues. In terms of the main methodological approach to follow, the first phase, corresponding to the vegetation baseline map production, may consist of a classic supervised classification-based procedure, as follows: 

(1) Pre-Processing: Atmospheric correction (Hadjimitsis et al. 2010) and geometric correction (Sertel et al. 2007); 

(2) Processing: object-based classification (Blaschke 2010; Gil et al. 2013) or per-pixel classification (Lu & Weng 2007; Massetti et al. 2016) using information from an extensive vegetation survey on the ground; and

(3) Post-Processing: accuracy assessment (Pontius & Millones 2011; Foody 2002).

The second phase, to be repeatedly performed on a quarterly basis, will consist of a multi-temporal change detection analysis (Singh 1989; Coppin et al. 2004) among the successively acquired Sentinel-2 multispectral data, in order to locate and identify changes in forest areas. 

Finally, in the third phase various spectral vegetation indices (Glenn et al. 2008) shall be determined and compared by using the multi-date Sentinel-2 data, especially within changed forest areas mapped in Phase 2, in order to identify the change causes and/or trends (e.g. phenology, forest cut/clearance, biological invasion, soil erosion, natural hazard, land-use change).

SAMPLING EFFORT AND COSTS: One person/day of effort for each of both field and lab work per plot and sampling event. Costs depending on region, remoteness of places, etc.
Material initial costs: computer and hard disk drive ($1,000-$2,000). Technical software packages to be used might be free and open source (e.g. QGIS for GIS and Remote Sensing data processing; and SNAP – which includes European Space Agency Sentinel Toolboxes - for Sentinel-2 multispectral imagery processing). All Sentinel-2 multispectral imagery to be used within this protocol is free of charge and open access provided by the COPERNICUS EU flagship program.
PROTOCOL 3 - Whole plot plant species survey (adapted from NETBIOME- ISLANDBIODIV project)

Taxa - All vascular plants.
Experimental design - Sampling the 50 × 50 m plots.
Frequency - This protocol is time consuming and adequate only for a first inventory. However, some repetition can be performed every 5 or 10 years.

Part A - Complete species survey
Floristic list of all the vascular plant species (lycopods, ferns, and phanerogams) within the plot. The floristic list should be prepared alongside the basal area measurement (see below). If necessary, additional time should be spent to complete the floristic list, with special attention to microsites. Voucher specimens (ideally each with leaves, inflorescences, seeds and roots) will be collected for difficult taxa for identification in the lab. Samples are stored in plastic bags and labelled with small tags. After returning to the lab, samples are pressed with drying paper in a ventilated drying oven at 50 °C, and finally deposited in a public herbarium. If the field expedition takes several days, specimens can be dried in the field using a metal drying frame and a gas stove (Fig. S3). It is important to bring a sufficient supply of drying paper (e.g., old newspapers) and cardboard. Dry specimens have to be sealed in large plastic bags to keep them dry for longer periods in the field.

[image: image3]
Figure S3. Metal drying frame and a gas stove (detail in A) to dry plants in the field.
Because many species are annual or deciduous, in temperate islands inventories should be done in the spring or summer. Additionally, for most species, this is the flowering season. Two people should participate in the survey doing independent lists in order to ensure that every species is accounted for. Special care must be taken when checking for epiphytes or hemi-parasites because they may be on high up in the canopy and are easy to miss. 

Part B - Basal area and canopy height

Basal area [m2 wood at breast height (approx. 1.30 m)] of each individual tree is determined from the diameter at breast height (DBH). Results can be expressed as m2/ha, for each species present and for the whole forest community. Diameter at breast height (DBH) may be measured directly, using a diameter tape or a caliper, or indirectly by measuring the tree circumference (perimeter) with a cloth ruler (DBH is then estimated by dividing the perimeter by π). There are many situations, especially in montane cloud forests, where measuring DBH is not straightforward (e.g. tree forks below breast height, leaned trees, tree splits into several trunks close to ground). In such cases, there are rules to be followed (e.g. International Society for Arboriculture, http://www.isa-arbor.com/education/resources/educ_TreeOrdinanceGuidelines.pdf). DBH is measured for each tree or trunk (in multi-stemmed growth habits) with DBH > 10 cm. Each individual tree must be marked with a spot of degradable green paint at breast height (to avoid double measuring). In very wet environments, like montane cloud forests, using paint may not be possible. The alternative is to remove a slice of the usually dense epiphytic layer that covers the trunks. This “mark” may still be visible after 2 years but epiphytic species will gradually re-cover the bare trunk. 

For canopy height, five measurements of maximum tree height should be taken: one at a distance of five meters from each corner and one at the center of the plot. Tree height may be estimated visually or measured using instruments (such as a Blum Leiss altimeter). Canopy height in the plot is defined as the mean height of the canopy based on the five measurements described. 

Part C - Species density 
On each corner, and in the center, of the main (2,500 m2) plot a 5 m × 5 m subplot is delimited. Every shoot with a DBH > 1 cm is counted in order to determine the density of shoots per species (expressed as the mean number of shoots per square meter and per hectare). For ferns, when possible, the number of adult individuals of each species may be counted (density is expressed as the number of individuals per square meter and per hectare). If individual determination is not possible (i.e. when a mat of a particular species covers an area with individual fronds emerging from the ground) a possible solution is to count the number of mats of each species.
Part D - Species regeneration

At each corner, and in the center, of the main (2500 m2) plot a 2 m × 2 m subplot is delimited. In these subplots the number of basal sprouts, seedlings and saplings of woody plants (trees, shrubs and woody lianes) are counted. For every seedling and sapling, identify the species and record maximum height, number of leaves and vitality (on an ordinal scale).
SAMPLING EFFORT AND COSTS: Two person/day of effort for field per plot and sampling event. Costs depending on region, remoteness of places, etc.
ETHIC GUIDELINES: All collectors should get permits from local authorities to work on protected areas and sample vascular plants. Rare and threatened species should be carefully managed and if possible do not remove specimens from the field to Herbaria. 

PROTOCOL 4 - Population monitoring of rare plant species

Taxa - All.
Experimental design - Subsampling within the 50 × 50 m plots.
Frequency – This survey protocol can be implemented within both short-term (seasonal variation) and long-term studies. This protocol is adequate for yearly sampling.
This count-based approach should be used for species of special interest, usually those with very small number of populations and few individuals per population (i.e., close to extinction), which cannot be monitored adequately using other standardized protocols (see Protocol 3).

Monitoring plots should be set up that include all existing individuals. Every single individual should be marked using GPS and followed up on a yearly basis. For rare trees and shrubs (such as Euphorbia stygiana or Taxus baccata in the Azores), this can be done by rangers or amateur botanists. For short-lived herbs or annual species, this is more challenging and time-consuming and even setting up the plots correctly will often take several years because the number of individuals can vary greatly (e.g., Myosotis maritima in the Azores). The best time of the year for the fieldwork is species-specific (usually corresponds to the flowering or fruiting periods but sometimes the autumn leaf colour change period may be appropriate) and needs to be adapted accordingly. For each plant individual, performance parameters should be recorded and for each population the threats should be assessed (e.g. herbivore grazing, invasive plants, herbicide usage or cutting of trees).

It is important to mention fresh water/riparian communities, which are usually of high biodiversity on islands, where they occur. Their components are good indicators of water quality (Luis et al. 2015).

In regular intervals (5–10 years, depending on generation time), leaf samples should be collected in zip-lock plastic bags with silica gel for assessment of genetic diversity within and between populations. These silica samples can be stored for long time periods in the freezer. Even better is to extract the genomic DNA soon after collection and freeze-store the pure DNA.
SAMPLING EFFORT AND COSTS: One person/day of effort for field per plot and sampling event. Costs depending on region, remoteness of places, etc.

ETHIC GUIDELINES: All collectors should get permits from local authorities to work on protected areas and sample vascular plants. Extremely rare and threatened species should be carefully managed and if possible do not remove specimens from the field to Herbaria. 

ARTHROPODS

We advocate the use of one protocol.

PROTOCOL 5 - “COBRA modified” (adapted from Cardoso 2009) 

Taxa - Spiders and beetles.
Experimental design - Sampling the 50m × 50m plots.
Frequency - The complete protocol should be applied for an initial inventory. The monitoring protocol as described in the main text is adequate for sampling every five or ten years.

The COBRA protocol was originally developed as a semi-quantitative protocol for the analysis of Mediterranean spiders (Cardoso 2009), but recently an adaptation was developed within the NETBIOME-ISLANDBIODIV and MACDIV projects for a broader analysis of spider and beetle diversity (see also Emerson et al. 2017). 
Sampling Effort: In total the sampling protocol requires 16 hours of field searching and collecting, approximately three hours for the placement of pitfall traps, approximately 5 hours for the removal of pitfall traps and one hour to collect leaf litter, which means a total of 24 person hours per plot. Usually four researchers are needed per plot.

Collectors should use a stopwatch to control the time that is spent collecting, and to be able to stop the counter when occupied with other activities (e.g. photography, maintenance of tools, eating, etc.; during one hour of collecting, 10 to 20 minutes can easily be dedicated to such activities).
Protocol 5A - The complete COBRA protocol for inventorying
Nocturnal active aerial searching (AAS) – This method consists of collecting all spiders and beetles found above knee-level by hand, forceps, pooter or brush and immediately transferring them into vials containing alcohol. All the time spent in searching for spiders and beetles is to be accounted for. Sampling lasts four hours (one hour per sample).
MATERIALS: Forceps, pooters or brush and vials.
Diurnal active aerial searching under bark, lichens and bryophytes (ABS) – This method consists of collecting mostly beetles, but also spiders, found above ground level under bark and under lichens and trunks using a small hoe to remove bark and lichens. The use of forceps, pooter or brush can also be helpful. Animals are immediately transferred into vials containing alcohol. All the time spent in searching for spiders and beetles is to be accounted for. A beating tray should be used to accommodate the debris that will be searched for. Searching lasts two hours.
MATERIALS: Small hoe, forceps, pooter or brush, beating tray and vials.
Diurnal active aerial searching in decaying trunks, dead wood on the ground, and under stones (GWS) – Similar to the aerial method, but directed towards beetles and spiders found below knee-level, including species in hidden sites such as below stones or inside hollow trunks, and in dead wood. Use the small hoe to break the wood. A one m2 white cloth sheet should be used to accommodate the debris on the ground and search for animals falling from the wood. Animals are immediately placed into vials containing alcohol. Searching lasts two hours.
MATERIALS: Small hoe, forceps, pooter or brush, white cloth sheet and vials. 

Foliage Beating (FB) – A 110 cm × 80 cm white fabric with a frame should be used as a drop-cloth (beating tray) and a wooden pole of at least 1.5 m used to beat tree branches, as high as possible. The effective time includes all the time spent in the activity, namely beating, searching for fallen spiders and beetles on the cloth and transferring them into vials. Two samples during the day (FBD) and two samples during the night (FBN) are to be collected. Sample lasts two hours during the day and two hours during the night.
MATERIALS: Beating tray, forceps, pooter or brush and vials.

Foliage sweeping (FS): – A round sweep net with an opening diameter of 46 cm is used to sweep bushes and tall herbs. All time spent sweeping or searching for dislodged spiders and beetles is accounted for. Two samples during the day (FSD) and two samples during the night (FSN) are to be collected. Sample lasts two hours during the day and two hours during the night.
MATERIALS: Sweep net with an opening diameter of 46 cm, pooter or brush and vials.
Pitfall (PIT) – Forty-eight pitfall traps (8 cm wide at the top, and approximately 12 cm deep -European standard 33cl plastic cups) are placed immediately outside the perimeter of each sampling plot, 12 along each edge of the square plot, spaced equidistantly. Traps are filled with 3 – 4 cm of 100% propylene glycol and left in the field for 14 days. Traps are protected from predation, inundation with rain water, and unwanted vertebrate capture (i.e. reptiles) using plastic plates sitting on stilts 2 cm above the ground surface. A group of four contiguous traps are counted as one sample, summing to 12 samples per plot. As the traps are sometimes fragile, two cups could be used per trap, one placed inside the other.

MATERIALS: Small hoe; standard 33 cl plastic cups, 8 cm wide at the top and 12 cm high; plastic picnic plates and pieces of wire. 
SAMPLING EFFORT AND COSTS: Four person/day of effort for field per plot and sampling event. Costs depending on region, remoteness of places, etc. For lab work, two person/day of effort is needed per plot.
Material initial costs: field equipment and materials ($1,000) and lab stereo microscope ($3,000).

ETHIC GUIDELINES: All collectors should get permits from local authorities to work on protected areas and sample arthropods. Rare and threatened species should be carefully managed. If identification in the field is possible when using active search techniques, specimens may be count and returned to the environment. This is easily achieved with species of large size and rare (e.g. large wolf spiders; Lycosidae).

Protocol 5B - The COBRA monitoring protocol
To obtain a COBRA monitoring protocol, first, we adopted a beta diversity framework that additively partitions beta diversity into species replacement (βrepl) and richness (βrich) differences (Carvalho et al. 2012, 2013):

βtotal = βrepl + βrich

Using the R package BAT (Cardoso et al. 2015), the summed absolute difference between sampled and true beta diversity values were minimized by choosing the optimal combination of samples per method for each total number of samples along an accumulation curve (see Fig. 1 in Cardoso et al. 2016 for the complete process). This was done using 1000 runs per sampling level based on the arthropod inventory protocol (COBRA), using data from Terceira (Azores), Tenerife (Canary Islands) and La Réunion (Mascarenes) (Emerson et al. 2017) (Fig. S4). 
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Figure S4.  Optimization results of monitoring protocols for spiders and beetles (COBRA) in oceanic islands. Left panel with average of absolute differences between true and sampled beta diversity: black = optimized sampling; grey = random sampling and 95% upper and lower bounds of the confidence limits. Central panel with the optimal accumulation of samples per method: Black = AAS (Nocturnal active aerial searching); Red = ABS (Diurnal active aerial searching under bark, lichens and mosses); Green = FBD (Foliage beating during the day); Blue = FBN (Foliage beating during the night); Cyan = GWS (Diurnal active aerial searching in decaying trunks, dead wood on the ground, and under stones); Magenta = PIT (Pitfall traps); Yellow = FSD (Foliage sweeping during the day); Grey = FSN (Foliage sweeping during the night). Right panel show the optimal proportion of samples per method (same colour codes as in the central panel).

Secondly, the protocol was optimized to deal with collectors’ exhaustion, commonly attained after six fieldwork hours per day (Cardoso 2009), using six samples in COBRA (as one hour represents one sample). The accumulation curves of sampling bias as a function of number of samples were also plotted and compared with the accumulation of a randomly chosen set of samples (Fig. S4).

For “COBRA - Monitoring”, targeting both spiders and beetles, the ideal protocol involves four hours of aerial sampling (AAS) and two hours of tree foliage beating (FBN), both during the night (Fig. S3, Table S2). These six samples are enough to reach an average absolute error of 0.059 among the three beta diversity measures. To facilitate logistics and minimize tiredness, we propose that beating samples should be performed during the day, as the technique is capable of dislodging many of the species, even when they are inactive. Moreover, the method requires completely dry foliage and this is more common during daytime. Two researchers can perform the work, in three hours of effective sampling of each 50 m × 50 m plot and one additional hour for moving and resting.

	Table S2. Optimization results of monitoring protocols for spiders and beetles (COBRA). We mark in grey an error of 6%. AAS (Nocturnal active aerial searching); ABS (Diurnal active aerial searching under bark, lichens and mosses); FBD (Foliage Beating during the day); FBN (Foliage Beating during the night); GWS (Diurnal active aerial searching in decaying trunks, dead wood on the ground, and under stones); PIT (Pitfall traps); FSD (Foliage sweeping during the day);  FSN (Foliage sweeping during the night). 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Samples
	AAS
	ABS
	FBD
	FBN
	GWS
	PIT
	FSD
	FSN
	Diff true beta

	0
	0
	0
	0
	0
	0
	0
	0
	0
	0.385

	1
	0
	0
	0
	1
	0
	0
	0
	0
	0.153

	2
	0
	0
	0
	2
	0
	0
	0
	0
	0.089

	3
	1
	0
	0
	2
	0
	0
	0
	0
	0.083

	4
	2
	0
	0
	2
	0
	0
	0
	0
	0.070

	5
	3
	0
	0
	2
	0
	0
	0
	0
	0.062

	6
	4
	0
	0
	2
	0
	0
	0
	0
	0.059

	7
	4
	0
	0
	2
	0
	1
	0
	0
	0.055

	8
	4
	0
	0
	2
	0
	1
	0
	1
	0.052

	9
	4
	0
	0
	2
	0
	2
	0
	1
	0.048

	10
	4
	0
	0
	2
	0
	3
	0
	1
	0.044

	11
	4
	0
	0
	2
	0
	4
	0
	1
	0.041

	12
	4
	0
	0
	2
	0
	4
	0
	2
	0.038

	13
	4
	0
	0
	2
	0
	5
	0
	2
	0.035

	14
	4
	0
	0
	2
	0
	6
	0
	2
	0.033

	15
	4
	0
	0
	2
	0
	7
	0
	2
	0.030

	16
	4
	0
	0
	2
	0
	8
	0
	2
	0.028

	17
	4
	0
	0
	2
	0
	9
	0
	2
	0.026

	18
	4
	0
	0
	2
	0
	10
	0
	2
	0.024

	19
	4
	0
	0
	2
	0
	11
	0
	2
	0.022

	20
	4
	0
	0
	2
	0
	12
	0
	2
	0.021

	21
	4
	0
	0
	2
	1
	12
	0
	2
	0.020

	22
	4
	0
	0
	2
	2
	12
	0
	2
	0.019

	23
	4
	1
	0
	2
	2
	12
	0
	2
	0.020

	24
	4
	1
	0
	2
	2
	12
	1
	2
	0.020

	25
	4
	1
	0
	2
	2
	12
	2
	2
	0.017

	26
	4
	1
	1
	2
	2
	12
	2
	2
	0.014

	27
	4
	1
	2
	2
	2
	12
	2
	2
	0.005

	28
	4
	2
	2
	2
	2
	12
	2
	2
	0.000

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	
	
	
	
	
	
	
	
	
	


The methods selected for COBRA monitoring protocol
Nocturnal active aerial searching (AAS) – This method consists of collecting all spiders and beetles found above knee-level by hand, forceps, pooter or brush and immediately transferring them into vials containing alcohol. All the time spent searching is to be accounted for. Sampling lasts four hours (one hour per sample).
MATERIALS: Forceps, pooters or brush and vials.
Foliage Beating (FB) – A 110 cm × 80 cm white fabric with a frame should be used as a drop-cloth (beating tray) and a wooden pole of at least 1.5 m used to beat tree branches, as high as possible. The effective time includes all the time spent in the activity, namely beating, searching for fallen spiders and beetles on the cloth and transferring them into vials. Two samples during the day (FBD) or two samples during the night (FBN). Sampling lasts two hours (one hour per sample).
MATERIALS: Beating tray, forceps, pooter or brush and vials.
SAMPLING EFFORT AND COSTS: One person/day of effort for each of both field and lab work per plot and sampling event. Costs depending on region, remoteness of places, etc.
Material initial costs: field equipment and materials ($500) and lab stereo microscope ($3,000).

ETHIC GUIDELINES: All collectors should get permits from local authorities to work on protected areas and sample arthropods. Rare and threatened species should be carefully managed. If identification in the field is possible when using active search techniques, specimens may be count and returned to the environment. This is easily achieved with species of large size and rare (e.g. large wolf spiders; Lycosidae).

VERTEBRATES

BIRDS

PROTOCOL 6 - POINT-COUNTS
Taxa - Birds

Experimental design – Subsampling within the main 50 m x 50 m plots. However, the observer should ensure a minimum distance of 1 km between any point counts, where possible.

Frequency –The monitoring protocol is adequate for sampling every year.
Census should be conducted during the spring (in temperate regions), in the early hours of the day (07.00 to 11.00), corresponding to the period of greatest activity of birds in the defense of their territory as well as in building nests and foraging (Efe 1999). To carry out the census, the listening point method (Bibby et al. 2000) should be applied, which consists of the registration of all bird species and individuals observed and heard during a period of 5 continuous minutes, in an area with a radius of 25 meters around a previously selected point (where fixed observer), and in registering the birds sampled in addition to these 25 meters, within a range of no more than 100 meters. At least 5 replicates should be made at each point count. Each replicate should be made with at least two weeks interval.

For each observation the following information should be recorded: start time, end time, number of individuals per species and estimated distance of bird to the observer.

•
Calculation of the density of each species.
In order to evaluate the density of bird species per hectare and for each point count the following calculation should be made (based on Greenwood & Robinson, 2006): 
D= {(n1+n2)/(πr2m)} loge{(n1+n2)/n2} 
D= Density; n1= number of detected individuals in an area with a radius of <25 meters; n2= number of detected individuals in an area with a radius ≥25 meters and <100 m; r= radius of 25 meters; m= number of replicates. 
•
Materials: Binoculars, field guide, if foreign birders are involved, they need to learn the calls of the local birds first (there are typically CD or other libraries of calls available for many avifaunas; the Macaulay library of the Cornell lab of Ornithology provides a huge collection of bird songs and calls from all over the world that is freely available for the scientific community (https://www.macaulaylibrary.org); Tape measure for initial estimation of 25 m distance.
SAMPLING EFFORT AND COSTS: One person/day of effort per plot and sampling event. Travelling cost depending on region, remoteness of places, etc.
Material initial costs: binoculars, field guide, chronograph, pen and field notebook ($500-$1000).
ETHIC GUIDELINES: All collectors should get permits from local authorities to work on protected areas and sample birds. Rare and threatened species should be carefully managed. 

MAMMALS

Mammalian faunas of isolated islands are often simplified ‘systems’ compared to continental faunas.  However, species numbers are influenced by recurrent immigrations and extinctions and some subsequent speciation (flying mammals, i.e. bats) or, as in the case of terrestrial non-volant mammals, species number represents relictual populations of once contiguous continental faunas (landbridge islands) (Lawlor 1986), or a historical legacy of very low immigration rates (to oceanic islands) that may be followed by substantial speciation on large oceanic islands (e.g., Justiniano et al. 2014). Moreover, mammals are one of the most important taxa concerning biological invasions on islands (Courchamp et al. 2003), either with a domesticated or wild-origin.

Detecting changes in mammalian biodiversity require data to be collected systematically in space and time, which can be both challenging and time consuming. Mammalian biodiversity assessments are a two-stage process, beginning with an inventory of the taxa of concern at a particular ‘site’ followed by periodic monitoring to detect changes at that ‘site’, including natural (e.g. impact of seasonality) or human-mediated (e.g. forest fire) changes. The inventory /monitoring planning and techniques used for the assessment will, therefore, differ, depending on the taxa of concern (physical characteristics and mode of life) and the size (from local to landscape levels) and characteristics (homogeneous vs heterogeneous) of the ‘site’. 

Based on the previous considerations bellow we propose four distinct protocols to survey bats, small mammals, carnivores and large herbivores in forested habitats on islands.  

PROTOCOL 7 – BAT INVENTORY / MONITORING 

Taxa – Bats 

Experimental design – Subsampling within the main 50 m × 50 m plots. However, the use of small plots (e.g., 50 m × 50 m plots) is rarely suitable for monitoring flying mammals, i.e. bat population trends. Instead, monitoring should focus on finding and estimating population areas (such as large roosts in trees or caves), and in documenting their presence across measured gradients using mist nets, bat detectors, and harp traps. 
Frequency – The monitoring protocol as described in the main text is adequate for sampling every year.
Description

Most countries strictly regulate the capture and handling of bats and other mammals for research; Sikes et al. (2016) provide guidelines that are widely followed.  See Kunz (1988) for a broad overview of methods for studies of bats.

Bats are often diverse and abundant on islands in the wet tropics. Their highly variable body size and roosting habits require a diverse set of monitoring techniques. The large flying foxes (also called giant fruit bats) of the Old World tropics often roost in large colonies (from tens to tens of thousands individuals) in the tops of large trees. These can be monitored readily by observation with binoculars, using standardized procedures to estimate the number of individuals (Kunz 1988; Kunz et al. 1996). Because individuals often live for more than a decade, long-term monitoring is essential to determine population trends.  Many bats roost in caves. The number of individuals and species may vary greatly depending on the characteristics of the individual cave (length, height, humidity, temperature, and type of disturbance), so it is necessary to monitor multiple caves to determine overall bat population trends. Use of flashlights and binoculars may allow estimates of species abundances, but care should be taken to minimize disturbance, especially during the season when females gather into maternity roosts. Many species within a given genus or family may be similar in appearance, so it may be necessary to capture, photograph, and measure some individuals to determine species identity. Captures may be made with small nets (“butterfly nets”) inside the cave, or with mist nets at cave entrances. Use of mist nets in this manner must be done with great care, since the number of bats emerging may increase dramatically at dusk, overwhelming a mist net. Care should be taken to handle bats carefully to avoid harming the bats, and to avoid transmission of any disease-causing agents to the handlers (Sikes et al. 2016).  Mark-and-recapture methods often add greatly to monitoring programs (Kunz 1988; Jones et al. 1996; Kunz et al. 1996).

Because caves are often the location of hunting activities, monitoring should include keeping records of evidence of disturbance. Such evidence may include signs of smoke from fires set within the caves (to asphyxiate the bats), remains of old nets (often fish-nets), and the presence of darkened areas where bats formerly roosted but are unoccupied at the time of monitoring (Kunz 1988; Kunz et al. 1996).

Many species of bats roost in inconspicuous places, such as hollow trees, within vegetation, in crevices and cracks in large rocks, etc. These populations can be monitored in several ways. Bats of small body size (100 g or less) that eat fruit (Pteropodidae in the Old World, Phylostomatidae in the New World) are relatively easy to capture with mist nets, and often constitute communities rich in species and individuals. Bats that consume insects are more difficult to capture because of their active use of highly sensitive echolocation systems (“sonar”); mist nets and harp traps can be successful, but, for most monitoring projects, the extensive and specialized effort may not be productive. In places where a “dictionary” of the calls produced by the bats has been compiled, use of ultrasonic detectors (“bat detectors”) may readily allow the presence of individual bat species to be documented.

Bats typically utilize virtually all habitats in lowland tropical areas, from rural to old-growth forest. Monitoring programs should carefully document the habitat in each sampling area along disturbance gradients, since the various species of bats typically forage in a restricted range of specific habitat types. Bats typically are most diverse in lowland habitats (below about 1000 m), and decline in diversity and abundance with increasing elevation. However, the percent endemism among bats often increases with elevation, so that incorporating an elevational component is often important for monitoring purposes.

SAMPLING EFFORT AND COSTS: Three person/days of effort for field per plot and sampling event. Field costs depending on region, remoteness of places, etc.

Material initial costs: monitoring for bats would require use of "bat detectors" that record foraging calls (ca. $1000), and/or mist-nets ($65 each) for Old World fruit bats that do not use echolocation. Harp traps may also be used ($1000-$3000).
ETHIC GUIDELINES: All collectors should get permits from local authorities to work on protected areas and sample bats. All researchers should be familiar with the codes of ethics and the guidelines for research with mammals (e.g. The American Society of Mammalogists (ASM/ACUC 1998) and the Association for the Study of Animal Behaviour and the Animal Behavior Society (ASAB/ABS 2000). For more details see Powell and Proulx (2003).
PROTOCOL 8 – NON-FLYING SMALL MAMMALS INVENTORY/ MONITORING

Taxa – Non-flying small mammals 

Experimental design – Within a relatively small island it may be possible to cover the entire area with a regular or random distribution of sampling points.  On larger islands a spatial sampling should be implemented by selecting sub-sampling units that allow an ‘a-posteriori’ overall estimate.
Small non-flying mammals often have individual home ranges that exceed one hectare, so sampling areas for them will often need to encompass 10 ha or more (Jones et al. 1996; Wilson et al. 1996).  
Frequency – For inventory purposes at least one sampling event, in the pre-breeding and post-breeding seasons to account for life-cycle induced variations in behaviour and abundance. For monitoring purposes a minimum interval of five years is adequate to assess community changes and/or population trends.
Description

Non-flying small mammals, generally defined as species weighing one kilogram or less, comprise the largest number of mammal species world-wide. The ecologically and morphologically highly diverse rodents are often the most species-rich and abundant native small mammals on islands, but small insectivores (such as shrews and tenrecs) may also be diverse and abundant, and marsupials are present on many islands near South America and Australia. Other groups of small mammals tend to be locally distributed, but may be abundant (e.g., the “wood shrews” of SE Asia that are non-spiny relatives of hedgehogs).

Some small mammals that are active during the day, such as squirrels and small primates, can be observed using binoculars, and other species (such as small arboreal rodents) can be seen at night with flashlights (torches); establishing standardized transect trails can document their abundance. Such trails should be walked at some standard rate of speed, and distances carefully documented, so that the number of observations per hour and per kilometer can be calculated (Rudran et al. 1996).

Many species of small mammals, perhaps most, are difficult to detect even when they are abundant. Some of these can be captured in cage traps. For such species, lines of traps can be laid out either in long lines or in grids, so that either the number of captures per trap-night (for trap lines), or the density per hectare (for grids), can be calculated (Wilson et al. 1996). In such studies, it is often necessary to use several types of bait, since different species consume different foods. For example, traps using a “seed-type” bait (roasted coconut and peanut butter are often successful) can be used in conjunction with traps baited with live earthworms (attached with safety pins to the trap) or fresh fruit (such as banana slices) to attract species that do not eat seeds (e.g., Rickart et al. 2011, 2016).

Small mammals usually show dramatic variation in diversity and abundance along elevational gradients; they typically are least diverse and abundant in the lowlands, and increase in both respects with increasing elevation. When cloud forest (= mossy forest) is present, maximum diversity of small mammals often occurs in the lower portions of that habitat. At the highest elevations on a given mountain, there is often a decline in both diversity and abundance, but endemism is often high at higher elevations. It is therefore important that monitoring protocols include sampling areas along the entire elevational gradient to reflect all the potential variation that may be present. Additionally, most species show specific responses to types and extent of habitat degradation, and so it is often necessary to include disturbance gradients at multiple elevations to determine the full extent of changes that are taking place (Rickart et al. 2011, 2016).

SAMPLING EFFORT AND COSTS: Three to five person/days of effort for field per plot and sampling event. Field costs depending on region, remoteness of places, etc.

Material initial costs: As explained elsewhere in the text, monitoring for mammals requires many different types of efforts, depending on the species that are present and/or that are of concern. Visual monitoring for large mammals might follow similar procedures and costs as for birds, but depending on the species, some would also have to be done at night. Monitoring small mammals depends on which species are present: some can be captured in cage-traps, but some others will not enter cage traps and can only be caught in snap-traps or in pitfall traps.  Some are ground-living, others arboreal.  Thus, amounts of effort and the costs will vary greatly, but if traps are needed the initial costs for traps can be ($3000).
ETHIC GUIDELINES: All collectors should get permits from local authorities to work on protected areas and sample bats. All researchers should be familiar with the codes of ethics and the guidelines for research with mammals (e.g. The American Society of Mammalogists (ASM/ACUC 1998) and the Association for the Study of Animal Behaviour and the Animal Behavior Society (ASAB/ABS 2000). For more details see Powell and Proulx (2003).
PROTOCOL 9 – Carnivores inventory / monitoring  
Taxa – Small/Medium-sized carnivores

Experimental design – Within a relatively small island it may be possible to cover the entire area with a regular or random distribution of sampling points.  On larger islands a spatial sampling should be implemented by selecting sub-sampling units that allow an ‘a-posteriori’ overall estimate. If forest cover is heterogeneous (i.e., different forest types), sampling site selection should involve stratification to allow estimates per stratum (forest type). To maximize species detection (including rare species) the combined use of sign surveys, camera-trapping stations, and tracking-plates is advisable. However, although signs of presence are a good indicator of carnivore occurrence, there is evidence that species assignments based on scats can have a high error rate, supporting the need for the complementary use of molecular markers. 

Frequency – For inventory purposes at least one sampling event should be undertaken in the pre-breeding and post-breeding seasons to account for life-cycle induced variations in behaviour and abundance. For monitoring purposes a minimum interval of five years is adequate to assess community changes and/or population trends. 

Description

Oceanic islands faunas are characterised by a general absence of native mammalian predators; when naturally present they are normally limited to continental-shelf islands.  This is the case of the Kodiak bear, a subspecies of the brown bear (Ursus arctos middendorffi), which is native to the islands of the Kodiak Archipelago (SW Alaska) (Van Daele 2003). Most carnivore predators nowadays inhabiting oceanic islands are small/medium sized mammals that result from human-mediated intentional introductions either as domestic pets (cats Felis catus and dogs Canis familiaris) or to hunt or control rabbits (e.g., the ferret Mustela furo on Madeira islands – Mathias 1988), commensal rodents (e.g., least weasel Mustela nivalis in Mediterranean and Atlantic islands – Rodrigues et al. 2017) or snakes (e.g. the small Indian mongoose in Caribbean and Pacific islands – Hays & Conant 2007). These invasive species are a great threat to island biodiversity, and for example, domestic cat feral populations are nowadays found on most major island groups, from sub Antarctic to arid regions, and are known to be the direct cause of severe reductions or extinctions of numerous populations of insular vertebrate species (Courchamp et al. 2003)  

Ferrets, weasels, mongooses and feral cats vary in size and habits, and, as the case for a great majority of carnivores, are elusive and highly mobile animals, have a solitary life-style, live in low-density populations, occupy vast home ranges, and are often nocturnal. These characteristics translate into low opportunities to observe individuals, expected low detection rates, substantial field effort, and the need for a combination of transect-based and station-based noninvasive sampling techniques to maximize species detection.

Sign surveys are among the most widely used noninvasive field techniques to survey carnivores, based on the assumption that each species produces distinctive tracks and scats. These are conducted along transect trails in adequate soil conditions that can be standardized by time or length of search, to allow relative comparison between sampling sites/events based on the number of tracks/scats per time/space unit (Wilson & Delahay 2001). However, although signs of presence are recognized as good indicators of carnivore presence, increasingly evidence on species assignment shows frequent misinterpretation based on scats size, shape and odour (Monterroso et al. 2013).  These findings support the need to use molecular markers to determine species identifications, particularly when diverse communities of similar-sized or phylogenetically related species are present, such as the case of insular ferrets and weasels. Noninvasive genetic sampling of carnivores is a tool that is gaining importance in monitoring, as scats are relatively easy to find, provide large samples, and allow species, gender and individual identification, giving good estimates of population size and structure (Kelly et al. 2012).  However, being costly, it should mostly focus on species with potentially confounding scats (Fernandes et al. 2008). 
Trapping via digital infrared remotely triggered cameras is a non-invasive station-based technique that is becoming a mainstream tool in carnivore studies (Rowcliffe & Carbone 2008) and an increasing body of literature is available about camera trapping techniques (models, trap placement, baits/lures, etc – e.g. McCallum 2013; Ferreras et al. 2017) and survey design requirements to meet statistical assumptions allowing robust occupancy and abundance analyses (Boitani & Powell 2012). For inventory purposes, camera trapping is probably the most efficient method for cryptic animals such as carnivores, but for abundance estimates it relies on individual recognition through coat colour patterns. Although this is not the case for weasels, mongooses, and most ferrets (depending on the variability of facial markings), which cannot be individually recognized, it is an appropriate and widely used tool to estimate feral cat densities (Bengsen et al. 2012), and may also apply to dogs, which together probably have the greatest impact on island biodiversity (Medina et al. 2011). 

For small-sized species, those such as weasels, which avoid moving in open areas, camera-trapping is not the appropriate method as very low detection rates are expected, and track plates are the best option for inventorying purposes in forested habitats. Also a station-based approach, track-plates are carbon-blackened aluminium sheets that are partially covered with a white contact paper that captures animal footprints, thus allowing species identification. These devices may be baited or lured at the back (to increase attractiveness) and, in high cover habitats should be enclosed in a wooden box or a half plastic tube to avoid plant debris obscuring or destroying footprints (for details see Zielinski & Thomas 1995). Track-plates have proved to be efficient in detecting 11 species of small/medium sized carnivores, including weasels and feral cats (Loukmas et al. 2003). An additional advantage is that track plates can capture fine detail in the footprints, recording rows of dots corresponding to tiny papillae on the animal’s metacarpal pad, such as possessed by e.g. several mustelids (e.g., Herzog et al. 2007).

If the selection of appropriate techniques to survey island forest carnivores is relatively easy, the same does not apply to which field protocol should be implemented, as none can give an optimum number of sampling units, nor a sampling frequency or distance between sampling units to be implemented in a given site, because no single numbers can be universally effective for any species and in all situations, especially if no information is available about the average home range of the target species. For carnivore surveys, however, too few or too short sampling sessions may fail to detect animals, and too close sampling units may violate the spatial independence assumption and produce biased occupancy patterns or abundance estimates due to spatial autocorrelation. A trade-off is therefore needed considering size of the island, species and local contexts, and logistic and financial constraints. The rule, however, is to have as many sampling sites as possible, and some hints can be given as to how best to conduct multi-species assessments: i) use a combination of techniques that maximise detection of carnivore taxa potentially occurring in the island, ii) select a sampling unit large enough to include several of the entire home ranges  of the smallest species, iii) place sampling stations at sites where detections are most likely to occur, iv) install more than one transect/device per sampling unit to increase detection probability and/or avoid failure due to unpredictable events (e.g., extreme weather events, camera mechanical failure, vandalism), and v) replicate sampling events according to taxa life-history (e.g., pre and post-breeding seasons), resource seasonality or disturbance drivers (e.g., forest production cycles).

For a comprehensive and more detailed review of challenges, planning issues and methodological/analytical concerns when surveying carnivore populations, see e.g., Boitani et al. (2012).

SAMPLING EFFORT AND COSTS: Three person/days of effort for field surveys per ‘site’ and sampling event. Costs depending on region, remoteness of places, etc.
Material initial costs: highly variable depending on the ‘site’ size and sampling units required ($200 per camera trap, $10 per track-plate).
Laboratory costs (excluding manpower): whenever molecular analysis is required for i) Species ID - using protocol described in Fernandes et al (2008) with detection in agarose gel. $120-150 (initial cost for primers for ten species) plus $25 per sample (assuming initial morphological identification to reduce the number of candidate species, and thus reduce the number of species tested per scat to about four); ii) Sexing - using an X marker and a Y marker and automatic sequencer detection to increase the success rate. $25 (initial cost of fluorescence primers for the X and Y markers) plus $12 per sample: and iii) Individual ID - assuming 10 microsatellites. $180-210 (initial cost with fluorescence labeled primers for 10 loci) plus $90 per sample.
ETHIC GUIDELINES: All collectors should get permits from local authorities to work on protected areas and sample bats. All researchers should be familiar with the codes of ethics and the guidelines for research with mammals (e.g. The American Society of Mammalogists (ASM/ACUC 1998) and the Association for the Study of Animal Behaviour and the Animal Behavior Society (ASAB/ABS 2000). For more details see Powell and Proulx (2003).
PROTOCOL 10 – Herbivores inventory / monitoring  

Taxa – Medium-sized and large herbivores

Experimental design – Similarly to what has been described for the carnivores sampling, depending on the island size, a regular or random distribution of sampling points (small islands) or a spatial sub-sampling (large islands), involving or not stratification  (depending on the degree of forest heterogeneity), should be used.  To maximize species detection (including rare species) the combined use of direct observations, sign surveys, and, eventually camera-trapping stations, is advisable. Depending on the diversity and similarity of species known to inhabit the focal islands, and its detectability (related with species size, forest closeness and understory thickness), signs of presence may be the only indicator of herbivore presence, and the complementary use of molecular markers may be needed. 

Frequency – For inventory purposes at least one sampling event in the high abundance peak (post –breeding), while for monitoring purposes a minimum interval of five years is adequate to assess community changes and/or population trends. 

Description

Medium-sized and large herbivores are species weighing more than one kilogram including lagomorphs (rabbits and hares) and wild and domestic ungulates, found in many islands. Line transects, using either direct sightings or indirect signs (tracks and/or faecal pellets) provide the traditional survey method for these taxa. However, this method may be inefficient in dense vegetation, and is difficult to standardize among heterogeneous, fragmented areas where the small size of patches restricts the length of transects (Espartosa et al. 2011). This being the case, in forested habitats a combination of line transects with camera trapping (particularly for rare and nocturnal species) comprises the most appropriate field protocol.
Establishing standardized line transects in areas where visibility is moderate to high allows documentation of species abundance. Such transects should be walked at some standard rate of speed, and distance per observation carefully documented, so that the number of observations per hour and per kilometer can be calculated as a measure of relative abundance (Rudran et al. 1996) and density estimates can be calculated using distance sampling statistics/software (Thomas et al. 2010).

Faecal and track sampling may be used to estimate species site occupation and, if regularly counted along pre-defined transects, may indicate a relative index of abundance, provided that in the first instance the transect is cleared of old signs. Observations on the rates of accumulation of faecal deposits in sample areas of ground may provide estimations of population density if average defecation frequencies per species are known (e.g., Mitchell et al. 1985).

Rabbit-census methods have been the focus of several studies that compared different field protocols based either on systematic spotlight counts conducted at night or at dawn and dusk (e.g., Poole et al. 2003) or pellet-counts along foot transects. According to Fernandez-de-Simon et al. (2011), a standard methodology based on cleared-plot pellets counts should be used to monitor rabbit abundance on a large scale.

As described in the carnivores’ protocol, selecting the appropriate survey technique(s) is a comparatively easy task, but the same does not apply to the field protocol, with number of sampling units, length of transects, and sampling frequency depending on island size, composition and configuration of forested habitats, and herbivores community composition. See carnivore protocol description for hints regarding field surveys.

SAMPLING EFFORT AND COSTS: Three  person/days of effort for field per plot and sampling event. Costs depending on region, remoteness of places, etc.

Material initial costs: highly variable depending on the ‘site’ size and sampling units required ($200 per camera trap).
Laboratory costs: whenever molecular analysis is required for scats species identification (see carnivores’ protocol)
ETHIC GUIDELINES: All collectors should get permits from local authorities to work on protected areas and sample bats. All researchers should be familiar with the codes of ethics and the guidelines for research with mammals (e.g. The American Society of Mammalogists (ASM/ACUC 1998) and the Association for the Study of Animal Behaviour and the Animal Behavior Society (ASAB/ABS 2000). For more details see Powell and Proulx (2003).
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