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Abstract
‘Interactions’ between and among moving objects occur across widely varying spatial and
temporal scales and are an important component for understanding spatial behaviours such as
mating, predation, and territoriality as well as phenomena resulting from these behaviours
such as disease spread. Behaviours and processes related to interactions are extremely
important across many different objects, scales, and contexts, but they are generally difficult
to quantify for reasons including semantic uncertainty (what is an ‘interaction’?), analytical
tractability (how should interactions be measured?), and issues related to interpretation and
inference. While moving objects that interact can range from micro-scale (e.g., gas particles)
to macro-scale (e.g., continental plates), the two most frequently studied types of objects are
related to human and animal movement. ‘Dynamic interactions’ refer to interactions that are
defined based on proximity in both space and time and while social network analysis can be
applicable for studying interactions among human individuals as well as among animal
individuals, a ‘dyad’ (comprised of two individuals) is more often used as the unit for
studying interactions between animal individuals. The two main approaches of quantifying
dynamic interactions between two individuals involve treating the locations as discrete points
or examining the paths that are inferred as trajectories between subsequent points. In this
research I present results that use a hybrid point-path approach of quantifying interactions
and provide a new way to interpret them based on a null model approach. The hybrid pointpath approach is applied to moving object data of wildlife animal species that represent
different levels of difficulty with what is ‘known’ about their sociality.
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1 Introduction
‘Interactions’ between and among moving objects occur across widely varying spatial and
temporal scales and are an important component to processes ranging from disease spread to
information flow and technology diffusion. For example, close contact in space and time is
often a prerequisite for the spread of diseases such as rabies, chronic wasting disease, and
influenza while the spread of latent diseases such as anthrax require proximity in space with a
temporal lag. Communication related to information flow can occur when two objects are
spatially and temporally synchronous (e.g., face to face communication), temporally
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synchronous but spatially distant (e.g., telephone), spatially near but temporally distant (e.g.,
scent markings), and distant in both space and time (e.g., email message) (Miller 2005).
Interactions can also be negative, representing behaviours such as avoidance or repulsion.
While behaviours and processes related to interactions are extremely important across many
different objects, scales, and contexts, they are generally difficult to quantify for reasons
including semantic uncertainty (what is an ‘interaction’?), analytical tractability (how should
interactions be measured?), and issues related to interpretation and inference. ‘Dynamic
interactions’ refer to interactions that are defined based on proximity in both space and time
and while social network analysis can be applicable for studying interactions among human
individuals as well as among animal individuals, a ‘dyad’ (comprised of two individuals) is
more often used as the unit for studying interactions between animal individuals. The two
main approaches of quantifying dynamic interactions between two individuals involve
treating the locations as discrete points or examining the paths that are inferred as
trajectories between subsequent points. In this research I present results that use a hybrid
point-path approach of quantifying interactions and apply this method to dyads from different
wildlife animal species with different levels of ‘sociality.’

Social network analysis has been employed to study interactions among several objects and
the direction, magnitude and centrality of connections can be quantified, but this analysis
framework is only appropriate for studying group dynamics for which sufficient spatiotemporal data are available. Dyads are a pair of objects (ex., humans, cheetahs, baboons) that
represent a basic unit for studying interactions and sociality. Within GIScience research,
human interactions have been studied more extensively than other types, and they are
often based on detailed information such as ‘travel diaries’ from which activity spaces
can be calculated and intersections of multiple activity spaces can be used to estimate
potential social interaction and joint activity participation (Farber et al.,2013). Recent
work has addressed the issues associated with measuring dynamic (human) interactions with
hybrid, multi-temporal methods (Zhang et al. 2018).
In ecology, interactions have been defined as “actions directed towards, or affecting,
the behaviour of another animal” (Whitehead, 2009:765) and while in rare cases they
have been directly observed (Cooper et al., 2008; Ramos-Fernández et al., 2009;
Haddadi et al., 2011), most of the time interactions are inferred by assuming spatial
association to be equivalent to social association (the ‘gambit of the group’ (Whitehead and
Dufault 1999).
Measuring interactions between animals is not straightforward, and depending on the
objective of the study, what is considered an “interaction” can range from physical
contact to sharing common resources, to basic awareness of each other. In spite of the
importance of studying interactions, they have not been a main research focus in
either computational movement analysis (GIScience) or movement ecology. Recent
contributions using movement data to study interactions have focused primarily on
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technological advancements related to the ability to measure interactions rather than
the ability to analyze or understand them. ‘Proximity loggers’ attached to individuals
can record when a similarly outfitted animal comes within a specified distance and
temporal threshold and can measure sustained interaction, but can only be used for relatively
short distances (~100 meters) (see Drewe et al., 2010 for overview).
While these new advancements enable more and better quality data to be collected,
and have resulted in an increasing number of studies on animal or human interaction,
there have been few methodological advancements related to improving the ability to
analyze and understand interactions.
Interactions are measured using data representing the locations of two individual along with a
time stamp and the two main approaches involve treating the locations as discrete points or
examining the paths that are inferred as movement between subsequent points. In this
research I present results that use a hybrid point-path approach of quantifying interactions
and provide a new way to interpret them based on a null model approach. The hybrid pointpath approach is applied to dyads from different animal species that represent different levels
of difficulty with what is known about their ‘sociality.’

1.1 Modeling interactions
Dyad interactions are measured based on either the point data or the paths or trajectories that
are inferred as connecting subsequent points. When point data are used, interaction is defined
either as a function of distance (e.g., the mean distance of all pairs or the number of times a
pair is within a critical distance) or co-occurrence in some shared area (ex., the overlapping
portion of their home range). While these point-based dynamic interaction metrics involve
the concept of two individuals occurring “together”, path-based interaction metrics use
movement trajectories as the basic unit of analysis and compare similarity in movement
parameters such as speed, direction, and mean displacement (Calenge et al. 2009). These
path-based metrics define interaction solely in terms of movement similarity and do not
consider the distance between the two individuals or their location relative to designated
spaces such as home range overlap. Since point-based metrics include explicit representations
of proximity, they may be more appropriate for studying positive interactions such as direct
contact related to mating or disease spread. Each of these approaches (point vs. path) has
generally been considered separately when measuring interactions, although metrics that
combine them are being introduced (Konzack et al. 2017, Zhang et al. 2018). The movement
coherence quantified by path-based metrics may make them more appropriate for studying
both positive and negative interactions related to, ex., predator-prey dynamics.
Both point- and path-based interaction metrics have limitations as well. Point-based
interaction metrics typically require a subjective parameter such as home range delineation or
a distance threshold. Distance thresholds can be based on previous research or observation
while temporal thresholds are often a function of the data resolution. Path-based metrics
involve fewer subjective decisions, but what they are measuring in terms of ‘interaction’ is
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really path similarity irrespective of spatial proximity and may not be appropriate for some
applications.
In spite of the importance of measuring interactions, they have not been a main research
focus in movement analysis. Few studies have tested different dynamic interaction metrics
using the same data, and when they have been compared, the results have been quite
incongruous (Long and Nelson 2013, Long et al. 2014; Miller, 2012; 2015). Most of the
metrics that measure interactions range from -1 to 1 or 0 to 1 and either specify negative
interaction or no interaction as the lowest value. However, it is unclear whether negative
interaction can be measured using the same metrics as positive interaction. In fact, studies
that have compared performance of these metrics using simulated data rarely find evidence of
negative interaction (Long et al., 2015; Miller 2015). This research aims also to explore
whether negative interaction can be identified with this hybrid point-path measure.

2 Methodology
The research presented here introduces a hybrid point-path approach to analyse interactions
that harnesses the advantages of each approach. First, a point-based interaction is identified
based on appropriate spatial and temporal thresholds. Then movement trajectory parameters
including relative angle and step length are calculated for an appropriate number of ‘steps’
before the interaction, after the interaction, and compared to the movement parameters for the
rest of the steps. The appropriate number of steps are dependent on the type of interaction of
interest and the temporal resolution of the data. For example, when studying Brown Hyena
interaction, one to three one hours steps before and after will be tested. Significant
differences in these parameters (before- after-, and the rest of the steps) are used to identify
potential movement behaviours such as attraction and avoidance.

3 Preliminary results
The new hybrid method introduced here uses GPS locations representing point-based
dynamic interactions (two individuals within a spatial and temporal threshold) to compare
path-based movement trajectories relative to the “interaction”. Figure 1 shows the distribution
of relative turning angles for two brown hyena individuals (Cyril and Honey) relative to when
a spatio-temporal “interaction” occurred (locations within 500 meters and 1 hour of each
other). The distribution of angles for the two steps that occurred right before an interaction
are in blue; all other angles are in red. These preliminary results suggest that both individuals
use more tortuous movement (relative angles between 150-210 degrees) right before they are
close in space and time compared to all of their other movements.
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Figure 1: Distribution of relative turning angles for two hyenas (Cyril and Honey). Blue
represents the angles two steps before an “interaction” occurred and red represents the angles
for all other steps.
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