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Appendix S1: Statistical description of the methods compared by simulation
Here we define the details and mathematical notation for each of the methods used.

y: the response variable (defined separately for each model)
T: vector of years (or time periods)
L: the list length (the number of species per visit), or a vector of list lengths
a: intercept in a linear model
b: slope term from a linear model. Generally refers to the annual trend in the response variable 
i: species identity
j: site identity
t: indentifies the year (or time period)
u: random effect of mean zero, whose variance is estimated from the data.
v: visit identity 
z: occupancy status of site j (present or absent)
Naïve model
Observations: one per year.
Response variable: number of sites on which the focal species was recorded in year t, Nt.
What is being modelled: a trend in the number of sites.
Statistics: Poisson generalised linear model (GLM).
Equation: yt ~ Poisson(Nt); log(Nt) = a + b.T
Relative Distribution Change (RDC) index
Observations: one per time-period.
Response variable: A binomial response (‘successes’ and ‘failures’) for each time period. Successes are the number of sites on which the focal species, i, was recorded. Failures are the number unique records (species:time-period combinations) for species other than the focal.
What is being modelled: A change in the number of sites occupied by species i, relative to the change in other species.
Statistics: Binomial GLM.
Equation: yit ~ Bin(Nt, pit); logit(pit) = a + b.T
Details: Nt defines the total number of unique records (site:time-period combinations) for all species. Following Maes et al (2012), only sites with at least five species in both time period are included. 
Well-Sampled Sites (WSS) method
Observations: one per site:year combination within the well-sampled subset, defined as 1) visits on at least L species were recorded and 2) sites that meet criterion 1 in at least three separate years (following Roy et al., 2012). Threshold values of L were set at either 2 or 4 species (referred to as WSS_2 and WSS_4).
Response variable: A binomial response (‘successes’ and ‘failures’) for each combination. Successes are the number of visits on which the focal species was recorded and failures are the number of visits on which it was not recorded.
What is being modelled: a trend in the probability, p, of being recorded on the average visit.
Statistics: Binomial generalised linear mixed-effects model (GLMM), in which Njt is the number of visits to site j in year t.
Equation: yjt ~ Bin(Njt, pjt); logit(pjt) = a + b.T  + uj
Reporting Rate 
Observations: one per year.
Response variable: A binomial response (‘successes’ and ‘failures’) for each combination. Successes are the number of visits on which the focal species was recorded and failures are the number of visits on which it was not recorded.
What is being modelled: a trend in the probability, p, of being recorded on the average visit.
Statistics: Binomial GLM.
Equation: yt ~ Bin(Nt, pt); logit(pt) = a + b.T
Details: p defines the probability of being recorded per visit; N is the number of visits in year t.
Reporting Rate + Site
Observations: one per site:year combination 
Response variable: A binomial response (‘successes’ and ‘failures’) for each combination. Successes are the number of visits on which the focal species was recorded and failures are the number of visits on which it was not recorded.
What is being modelled: a trend in the probability of being recorded on the average visit.
Statistics: Binomial GLMM.
Equation: yjt ~ Bin(Njt, pjt); logit(pjt) = a + b.T  + uj
Details: p defines the probability of being recorded per visit; N is the number of visits to site j in year t.
List Length
Observations: one per visit.
Response variable: Logical (was the focal species recorded or not).
What is being modelled: a trend in the probability, p, of being recorded on the average visit.
Statistics: Logistic GLM.
Equation: yjtv ~ Bernoulli(pjt); logit(pjt) = a + b.T + c.log(Ljtv)
Details: L is the list length and parameter c estimates how the probability of being observed scales with sampling effort (a measure of species’ detectability).
List Length + Site
Observations: one per visit.
Response variable: Logical (was the focal species recorded or not).
What is being modelled: a trend in the probability, p, of being recorded on the average visit.
Statistics: Logistic GLMM.
Equation: yjtv ~ Bernoulli(pjt); logit(pjt)  = a + b.T + c.log(Ljtv) + uj
Details: L is the list length and parameter c estimates how the probability of being observed scales with sampling effort (a measure of species’ detectability).
Telfer’s Index
Observations: one per species.
Response variable: The proportion of sites on which the species i was recorded in the second time period, p2i. 
What is being modelled: A change in the relative distribution of species i.
Statistics: Logistic GLM
Equation: logit(p2i) – a - m.logit(p1i) 
Details: The equation above defines the unstandardised residual from a double logistic regression of the proportion (p1i, p2i) of sites that are occupied by the focal species in two time periods (only sites with records in both periods are considered). In fact, the index is based on the standardised residual (Telfer, Preston, & Rothery, 2002), so the two-tailed p-value can be calculated by assuming these residuals are drawn from a standard normal distribution. Parameter m defines the slope of the interspecific relationship in relative distribution between time periods: if total recording intensity is higher in the second time period then m > 1 and/or a > 0. 
Frescalo_P
Observations: one per time-period
Response variable: Not applicable
What is being modelled: A change in the reporting rate of species i, rit, relative to the change in reporting rate of benchmark species.
Statistics: Z-test on the difference in reporting rates (known as ‘time factors’ in Hill 2012).
Equation: (ri2 – ri1) / (i12 + i22)
Details: The Frescalo method was implemented as described in Hill (2012), with two equal time periods, in order to produce estimates of rit and associated standard deviations (it).
Frescalo_Y
Observations: one per year
Response variable: The reporting rate of the focal species, relative to that of benchmark species, rit.
What is being modelled: A trend in the relative reporting rate of species i.
Statistics: Quasi-binomial GLM
Equation: yt ~ Bin(1, pt); logit(pt) = a + b.T
Details: The Frescalo method was implemented as described in Hill (2012), with one time period per year, to produce estimates of rit for each year.
Occupancy
Observations: one per visit.
Response variable: Logical (was the focal species recorded or not), conditional on being present.
What is being modelled: A trend in the probability ψjt that an average site is occupied
Statistics: Hierarchical Bayesian
Equations: State process: zjt ~ Bernoulli(ψjt); logit(ψjt) = bt.T
Observation process: yjtv|zjt ~ Bernoulli(zjt * pjtv); logit (pjtv) = bt.T + c.Djtv
Details: The model consists of two hierarchically coupled submodels, one governing the true state of sites (presence-absence) and the other governing the observations (detection-nondetection), in which pijv is the conditional probability of detection when present. Both state and observation processes are modelled as binary variables. Following van Strien et al. (2013), D is a categorical representation of the list length, L, distinguishing incidental records (L=1), short lists (2<L<3) and ‘long’ lists (L>4); parameter c estimates how the probability of being observed scales with sampling effort (a measure of species’ detectability). Subscript t on the slope parameters (b) indicates that year was modelled as a categorical variable, rather than continuous. The linear trend in occupancy was estimated as a derived parameter with full error propagation from a linear regression through the annual estimates of ψt.
Occupancy+Site
Observations: one per visit.
Response variable: Logical (was the focal species recorded or not), conditional on being present.
[bookmark: _GoBack]What is being modelled: A trend in the probability ψjt that an average site is occupied.
Statistics: Hierarchical Bayesian
Equations: State process: zjt ~ Bernoulli(ψjt); logit(ψjt) =  bt.T  + uj
Observation process: yjtv|zjt ~ Bernoulli(zjt * pjtv); logit (pjtv) =  bt.T + c.Djtv
Details: The model consists of two hierarchically coupled submodels, one governing the true state of sites (presence-absence) and the other governing the observations (detection-nondetection), in which pijv is the conditional probability of detection when present. Both state and observation processes are modelled as binary variables. Following van Strien et al. (2013), D is a categorical representation of the list length, L, distinguishing incidental records (L=1), short lists (2<L<3) and ‘long’ lists (L>4); parameter c estimates how the probability of being observed scales with sampling effort (a measure of species’ detectability). Subscript t on the slope parameters (b) indicates that year was modelled as a categorical variable, rather than continuous. The linear trend in occupancy was estimated as a derived parameter with full error propagation from a linear regression through the annual estimates of ψt.
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Appendix S2: Detailed results of the simulation study

Table S1: Type I error rates under medium intensity recording
	Method
	Control
	MoreVisits
	MoreVisits
+Bias
	LessEffort
PerVisit
	More
Detectable
	NonFocal
Declines

	Naïve
	0.040
	0.924
	0.378
	0.386
	0.120
	0.040

	RDC
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000

	WSS_2
	0.050
	0.060
	0.052
	0.136
	0.138
	0.044

	WSS_4
	0.052
	0.060
	0.048
	0.036
	0.128
	0.064

	ReportingRate
	0.108
	0.122
	0.312
	0.698
	0.420
	0.116

	ReportingRate+Site
	0.054
	0.066
	0.202
	0.642
	0.356
	0.062

	ListLength
	0.112
	0.120
	0.310
	0.074
	0.414
	0.286

	ListLength+Site
	0.054
	0.064
	0.162
	0.040
	0.338
	0.258

	Telfer
	0.036
	0.026
	0.068
	0.020
	0.062
	0.010

	Frescalo_P
	0.022
	0.020
	0.082
	0.058
	0.070
	0.064

	Frescalo_Y
	0.040
	0.056
	0.180
	0.088
	0.116
	0.110

	Occupancy
	0.046
	0.058
	0.432
	0.016
	0.082
	0.068

	Occupancy+Site
	0.016
	0.024
	0.112
	0.022
	0.042
	0.022




Table S2: Results from the test of power under medium intensity recording
	Method
	Control
	MoreVisits
	MoreVisits
+Bias
	LessEffort
PerVisit
	More
Detectable
	NonFocal
Declines

	Naïve
	0.328
	0.000
	0.000
	0.418
	0.066
	0.350

	RDC
	0.004
	0.000
	0.002
	0.000
	0.000
	0.000

	WSS_2
	0.298
	0.188
	0.280
	0.158
	0.000
	0.296

	WSS_4
	0.258
	0.170
	0.248
	0.004
	0.000
	0.216

	ReportingRate
	0.554
	0.464
	0.592
	0.268
	0.000
	0.576

	ReportingRate+Site
	0.616
	0.468
	0.630
	0.252
	0.000
	0.582

	ListLength
	0.554
	0.466
	0.578
	0.260
	0.000
	0.038

	ListLength+Site
	0.596
	0.456
	0.616
	0.212
	0.000
	0.000

	Telfer
	0.316
	0.198
	0.472
	0.086
	0.078
	0.014

	Frescalo_P
	0.376
	0.258
	0.520
	0.252
	0.084
	0.136

	Frescalo_Y
	0.408
	0.310
	0.504
	0.300
	0.092
	0.180

	Occupancy
	0.528
	0.460
	0.478
	0.088
	0.324
	0.476

	Occupancy+Site
	0.698
	0.502
	0.790
	0.118
	0.412
	0.590





Figure S1. Results from the test of Validity under all scenarios (note square root scale on y-axis). The x-axis shows low (L), medium (M) and high (H) levels of recording intensity, as defined in the text. The solid and dashed lines indicate =0.05 and =0.1 respectively[image: P:\NEC04273_SpeciesDistribution\Workfiles\Range change sims\results\results 131202\validitySI 131206.png]




Figure S2. Power of all methods under all scenarios. The x-axis shows low (L), medium (M) and high (H) levels of recording intensity, as defined in the text. Power generally increases with recording intensity, except in cases where the Type I error rate is more sensitive to recording intensity than the Type II error rate.  [image: P:\NEC04273_SpeciesDistribution\Workfiles\Range change sims\results\results 131202\powerSI 131206.png]
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