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Abstract: We propose a two-stage modelling approach to evaluate how a large
suite of environmental metrics available over nested spatial scales shape species
distributions. We focus on dragonfly communities, where the data consist of par-
tially observed presence records, making identifying the ecological processes driv-
ing the true species distribution/occupancy patterns di�cult.
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1 Introduction

Understanding how species distributions are a↵ected by environmental
changes is of major interest in many ecological studies. However, describing
such processes is no easy task due to the sources of uncertainty that occur
at di↵erent spatial and temporal scales and that are induced by imperfect
detectability.
We propose a two-stage statistical modelling framework for analysing how
environmental metrics describing freshwater connectivity interact with
land-use change to a↵ect species distributions, while accounting for im-
perfect detectability of the species. Specifically, we look at UK dragonfly
species richness, since their species presence records are only partially ob-
served due to imperfect detection.

This paper was published as a part of the proceedings of the 35th Inter-
national Workshop on Statistical Modelling (IWSM), Bilbao, Spain, 19–24 July
2020. The copyright remains with the author(s). Permission to reproduce or ex-
tract any parts of this abstract should be requested from the author(s).
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2 Data sets

Data were provided by Hydroscape (web: hydroscapeblog.wordpress.com),
a project investigating how anthropogenic stressors and connectivity in-
teract to influence biodiversity and ecosystem function in UK freshwaters.
Dragonfly occupancy records (for over 4000 ⇥ 1km grid cells, matched
to lakes) from 2000 to 2016 were taken for 41 non-invasive species from
the National Biodiversity Network, Biological Records Centre and British
Dragonfly Society repositories. Species-specific covariates that may a↵ect
species detection probability were taken from Powney et al. (2014). An-
thropogenic stressors (% agricultural and urban land use) and connectivity
metrics (e.g. perimeter, number of lakes, river length) were calculated on
7 spatial scales surrounding each lake to capture the impact of di↵erent
types of connectivity on freshwater ecosystems (Taylor et al., in prep.).

3 Statistical Methods

Species richness (the total number of species occupying a grid cell) can be
underestimated when the probability of detecting the di↵erent species is
less than 1. The species occupancy is potentially a↵ected by many envi-
ronmental variables over nested spatial scales. We take a 2-stage approach,
estimating detectability in stage 1 and identifying and modelling the e↵ects
of the covariates on the adjusted species richness in stage 2.

3.1 Stage 1: estimating occupancy, accounting for detectability

First, we analysed the observed occupancy of dragonfly species in each grid
cell by fitting a species-specific multispecies occupancy model (eqn. 1) using
the species-specific covariates from equation 2 (Kéry and Royle, 2008).
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where yij· is the number of times species i was detected in grid cell j across
K visits, pi is the detection probability for the ith species, zij is the latent
variable for true species occupancy and  i is the occupancy probability.
Grid cell-level species richness is computed as a derived quantity of the
predicted occupancy, as Sj =

P
i
zij . Noninformative priors were specified

to run the Gibbs sampler in R through JAGS.
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3.2 Stage 2: understanding the e↵ects of the covariates on
species richness

Second, we evaluated the e↵ect of grid cell-level covariates on species rich-
ness, using two sub-steps:
(a) Random forests (Strobl et al., 2009; accounting for high correlations
and di↵ering scales) to identify the explanatory variables that are “impor-
tant” to the response, with a reduced set selected using prediction MSE.
(b) The reduced set of potential explanatory variables are considered in
a generalised additive model (GAM), allowing for smooth, nonlinear
relationships, with interactions modelled using tensor products. Stage 1 un-
certainties are included through inverse-variance weighting, via the gamm
function in the mgcv package in R.

4 Results

The dragonfly occupancy and detection probabilities varied widely within
the community, as shown in Figure 1. The estimated detection probability
is below 50% for most species, showing the importance of accounting for
uncertainty in observed species occupancy.
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FIGURE 1. Estimated species occupancy and detection probabilites with number
of sites each of the species is estimated to be present.

For stage 2, we provide an example for moderate alkalinity, deep lakes. Ran-
dom forests identified the 6 most relevant potential explanatory variables
to dragonfly richness from a dataset of 144 potential explanatory variables.
Of these, two variables represented the same parameter (% agriculture)
at two spatial scales. Only the most important of these two variables was
retained. The 5 remaining potential explanatory variables were considered
in a quasipoisson-response GAM, incorporating the inverse of the stage 1
prediction variance as weights. Figure 2 shows the smooths for the result-
ing model. Log(catchment mean rainfall) has a positive coe�cient (1.18).
Square root of 500m bu↵er Strahler 2 length per ha is a connectivity vari-
able with a generally positive e↵ect, but logit(% agriculture in catchment)
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FIGURE 2. Fitted smooths for moderate alkalinity, deep lakes.

interacts with a connectivity variable (square root of catchment lake count
per ha), suggesting that the e↵ects of connectivity on dragonfly species rich-
ness vary with increasing stress caused by nearby agriculture. The model
explains approximately 28% of variance in estimated species richness, ap-
pearing to be a moderately good fit to the data.

5 Discussion and conclusions

This two-stage approach presents a computationally e�cient method for
dimension reduction of the nested spatial covariate space to model species
richness in the presence of imperfect detection.
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Kéry, M. and Royle, J. (2008). Hierarchical Bayes estimation of species
richness and occupancy in spatially replicated surveys. Journal of
Applied Ecology, 45, 589 – 598.

Powney, G., Brooks, S., Barwell, L., Bowles, P., Fitt, R., Pavitt, A.,
Spriggs, R., and Isaac, N. (2014). Morphological and geographical
traits of the British Odonata. Biodiversity Data Journal, 2, e1041.

Strobl, C., Hothorn, T., and Zeileis, A. (2009). Party on! A new, condi-
tional variable importance measure for random forests available in
the party package. The R Journal, 1, 14 – 17.

Taylor, P., Carvalho, L., Law, A., Baker, A., Chapman, D., Willby, N.,
Wilkie, C. (in preparation). The connectivity of UK freshwaters.


	
	Hidden Markov models for multi-scale time series: an application to stock market data
	
	Multivariate conditional dependence. The effect of institutional quality on competitiveness indicator relations
	
	Tree-Based Modeling of Discrete Subdistribution Hazards
	
	Variational Bayesian inference for sparse high–dimensional Graphical–VAR models
	
	Modelling the effect of rural electrification on employment via component-wise boosted causal distributional regression
	
	Hazard smoothing along two time scales
	
	Non-stationary spatial model for the distribution of Xylella fastidiosa in Alicante.
	
	Bayesian Structured Antedependence Model Proposals for Longitudinal Data
	
	Bayesian concurrent functional regression for sparse data.
	
	Invariance and the forecasting of mortality II: Standard errors
	
	Improved statistical emulation for a soft-tissue cardiac mechanical model
	
	Log-ratio diagrams for compositions with zero counts
	
	Modelling proposals in competing risk studies: empirical likelihood approaches to compare different risks
	
	A new model for multivariate functional data classification with application to the prediction of difficulty in web surveys using mouse movement trajectories
	
	A computationally efficient estimator for large clustered non-Gaussian data
	
	Capture–recapture in case of one-inflation
	
	Inference for the overlap coefficient based on P-splines and Dirichlet process mixtures
	
	Deducing neighborhoods of classes from a fitted classification model
	
	Median bias reduction in cumulative link models
	
	Addressing cluster-constant covariates in mixed effects models via likelihood-based boosting techniques
	
	Beyond unidimensional poverty analysis using distributional copula models for mixed ordered-continuous outcomes
	
	Closed-loop effects in coupling cardiac physiological models to clinical interventions
	
	Genome-Wide Association Studies: a Distance-Based approach
	
	Multivariate Conditional Transformation Models
	
	Percentiles curves based on multivariate conditional transformation models. Application to diabetes
	
	Multivariate distributional regression forests for probabilistic nowcasting of wind profiles
	
	Multivariate Bayesian latent structure modeling of spatio-temporal health data
	
	Density-on-Scalar Regression Models with an Application in Gender Economics
	
	Introducing non-stationarity to wrapped Gaussian spatial responses with an application to wind direction
	
	Continuous-time modelling of the hot hand effect in basketball free throws
	
	New statistical model for misreported data
	
	Regularisation in hidden Markov models with an application to football data
	
	Intervention Analysis for INAR(1) Models
	
	Disease mapping method comparing the spatial distribution of a disease with a control disease
	
	Flexible estimation of the state dwell-time distribution in hidden semi-Markov models
	
	Growth curves for multiple-output response variables via Bayesian quantile regression models
	
	Multivariate Ordinal Random Effects Models Including Subject and Group Specific Response Style Effects
	
	Intensity Estimation on Geometric Networks with Penalized Splines
	
	Scaleable distributional regression
	
	Elastic analysis of irregularly and sparsely sampled curves
	
	Dynamic Bayesian clustering of sport activities
	
	A Coupled Hidden Markov Model for Daily Rainfall at Multiple Sites
	
	Enhanced variable selection for distributional regression
	
	Serial correlation structures in latent linear mixed models for analysis of multivariate longitudinal ordinal responses
	
	A Generalised Joint Count Data Regression Framework for Modelling Football Scores
	
	Bayesian modelling of treatment effects on panel outcomes
	
	Multivariate spatial models for lattice data in complex surveys
	
	A horseshoe based prior for shrinkage towards a predefined parametric subspace.
	
	A Bayesian naive Bayes classifier for dating archaeological sites
	
	A Sensitivity Analysis and Error Bounds for the Adaptive Lasso
	
	Penalised Complexity priors for copula estimation
	
	Practical consistent estimation of the structural parameters of true fixed-effects stochastic frontier models
	
	Correction for the shrinkage effect in Gaussian graphical models
	
	Uncertainty propagation in shrinkage-based partial correlations
	
	Modelling the impact of spatial proximity on scientific collaboration networks
	
	Bayesian shared-parameter models for analysing sardine fishing in the Mediterranean Sea
	
	 Comparison of Experimental Designs for Normal and Gamma distributions
	
	Sensitivity analysis approaches to investigate uncertainty in process-based models, with application to aquaculture
	
	Spatial seismic point pattern analysis with Integrated Nested Laplace Approximation
	
	Nonstationary, Nonparametric, Nonseparable Bayesian Spatio-Temporal Modeling Using Kernel Convolution of Order Based Dependent Dirichlet Process
	
	I-optimal designs for Antoineâ•Žs equation: A genetic algorithm approach
	
	Joint analysis of nonlinear longitudinal and time-to-event data: application to predicting pregnancy outcomes
	
	A multivariate geometric distribution for lifetimes of n-components series systems
	
	On the selection of number of knots in linear regression splines with free-knots
	
	Looking for growth curves in the situation designed by Francois Crette de Palluel (1788)
	
	Modeling Mothers' yearly earnings after returning from maternity leave with a Bayesian distributional regression model
	
	Analyzing Likert-Type Data using Penalized Non-Linear Principal Components Analysis
	
	Bayesian Inference for modelling the Uncertainty by a Mixture Model for rating data
	
	The determinants of discards in fisheries: A country approach with GAMs methodology
	
	Goodness of fit for complete and right-censored data. The R package GofCens.
	
	Early diagnosis of sepsis from clinical data using the competing risk approach
	
	Site `dumpability': Where is illegal dumping in forests, and does signage help reduce it?
	
	Relevance of Semantic-Enriched in Information Retrieval Models
	
	Bayesian Spatial Conditional Overdispersion Models: Application to infant mortality
	
	A note on (basic) Principal Components Analysis
	
	Cholesky-based multivariate Gaussian regression
	
	Bayesian hierarchical modelling of stellar clusters
	
	Joint model for bivariate responses using left-truncated data in aging research
	
	Spatio-temporal and hierarchical modelling of high-throughput phenotypic data
	
	Design of truncated repetitive sampling plan for Poisson count data using expected sampling risks
	
	Hidden Markov Models Incorporating Covariates for Daily Rainfall Time Series
	
	Spatial Clustering via the Cross Entropy Method
	
	Complex covariance structure: optimal sampling for an efficient estimation
	
	Bayesian modelling of complex functional forms
	
	Spatial Bayesian geo-additive modelling and prediction soil texture mapping in the Basque Country
	
	A semi-latent class model for estimating the time of differentiation of cognitive decline between cases and controls
	
	A flexible marginal rate model for recurrent events with a zero-recurrence proportion
	
	Estimation of the Transition Probabilities condition on repeated measures in Multi-state models
	
	Robust statistical boosting with quantile-based loss functions
	
	Flexible amputation models for investigating missing data
	
	Neural network classification of movement patterns in a virtual reality experiment
	
	The (in)stability of Bayesian model selection criteria in disease mapping
	
	Visualization techniques for semiparametric APC analysis – Using Generalized Additive Models to examine touristic travel distances
	
	Bias induced during the estimation of quality-adjusted life-years
	
	Hierarchical species distribution modelling across high dimensional nested spatial scales

