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i g h l i g h t s

An automated associative conditioning paradigm for zebrafish was developed.
Groups of fish rapidly learned auditory and visual associations with food.
Learned associations were retained for at least 2 days after conditioning.
Memories can be demonstrated when testing fish both individually and in groups.
The paradigm can be easily adapted for zebrafish of different ages.
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a b s t r a c t

We describe here an automated apparatus that permits rapid conditioning paradigms for zebrafish.
Arduino microprocessors were used to control the delivery of auditory or visual stimuli to groups of
adult or juvenile zebrafish in their home tanks in a conventional zebrafish facility. An automatic feeder
dispensed precise amounts of food immediately after the conditioned stimuli, or at variable delays for
controls. Responses were recorded using inexpensive cameras, with the video sequences analysed with
ImageJ or Matlab. Fish showed significant conditioned responses in as few as 5 trials, learning that the
conditioned stimulus was a predictor of food presentation at the water surface and at the end of the
tank where the food was dispensed. Memories of these conditioned associations persisted for at least
2 days after training when fish were tested either as groups or as individuals. Control fish, for which
emory
igh-throughput
ehaviour

the auditory or visual stimuli were specifically unpaired with food, showed no comparable responses.
This simple, low-cost, automated system permits scalable conditioning of zebrafish with minimal human
intervention, greatly reducing both variability and labour-intensiveness. It will be useful for studies of
the neural basis of learning and memory, and for high-throughput screening of compounds modifying
those processes.

© 2016 Elsevier B.V. All rights reserved.
. Introduction
Zebrafish (Danio rerio) offer numerous advantages for the study
f learning and memory. These include ease and efficiency of
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animal husbandry [1,2]; ready availability of molecular tools to
dissect underlying mechanisms; homology of genes with mam-
mals (including humans); and similarity of basic developmental,
morphological, and physiological processes shared across the ver-
tebrates [3]. Zebrafish also have a rich repertoire of behaviours,
which they execute using relatively simple neuronal circuits
and may therefore possess further advantages for reductionist

approaches to understanding underlying brain mechanisms [4].
Furthermore, the small size and relative transparency of zebrafish,
particularly at early developmental stages and in non-pigmented
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utant strains, renders them particularly suitable for powerful
ethods of optical imaging of electrical activity and optogenetic

ctivation or inhibition of specific sets of neurons [5]. A final and
ncreasingly important incentive for studies of learning and mem-
ry in zebrafish comes from the use of high-throughput screens,
hich test for pharmacological and genetic effects on cognition

6,7].
A comprehensive appraisal of an animal’s ability to learn and

emember requires multiple assays employing different sensory
odalities, behavioural responses and forms of learning. A variety

f learning paradigms for zebrafish have been described in recent
ears, with each paradigm possessing particular strengths and
imitations. For example, several aversive conditioning paradigms
ave been developed, including ones that employ electric shock
ssociated with changes in lighting of observation tanks [8–11].
enerally, such use of aversive electrical shocks is highly effective

12], but may  also have possible direct effects on patterns of electro-
hysiological activity in aquatic animals thus confounding further
tudies of associated brain mechanisms or function [13]. Appetitive
aradigms, including the association of food with a particular loca-
ion or with discrete visual or olfactory cues [14–16], avoid delivery
f external electrical stimuli, but the use of food as a reward can be
omplicated by satiation, limiting the rate of training. It has been
uggested that social stimuli retain their reinforcing properties dur-
ng repeated administrations and might offer alternatives to food
ewards [17].

One major issue common to all these paradigms is that they
equire special mazes or observation tanks. Periods of acclimation
re therefore needed before behavioural assays can be performed
14]. Handling during transfer to such special apparatus, includ-
ng netting, has been shown to increase cortisol levels significantly
18], potentially confounding analyses. Furthermore, most existing
aradigms are time- and labour-intensive, requiring large numbers
f pairings usually performed manually. Requirements for such
xtended acclimation and manual execution of experiments reduce
he usefulness of such paradigms for high-throughput screening
6].

In this paper, we describe an automated, easily reconfigurable
ppetitive system that can be used to rapidly condition individu-
ls or groups of both adult and juvenile zebrafish in their home
anks. Fish quickly learned to associate a light or sound with the
resentation of food and move toward the feeding location. Fish
etain the memory of the association when tested individually or
n groups in the days following training. The learned behaviour

ay  involve multiple components including classical conditioning
f an innate surface feeding response. In addition, fish also appear
o learn and retain a memory for the location where the food is
resented. Further optimization of the stimulus presentations and
raining procedures are likely to improve measures of learning and

emory shown here. This system will have broad applicability to
uture studies of the neural substrates of behaviours and to genetic
nd pharmacological screens using zebrafish.

. Methods

.1. Animals

Wild-type adult zebrafish, 3.5–4.0 cm in length, (PetSmart,
edford, NS, CAN) and juvenile, AB strain zebrafish, 49 days
ost-fertilization and 10–14 mm in length (Faculty of Medicine,
ebrafish Core Facility, Dalhousie University, Halifax, NS, CAN),

ere housed as mixed-gender groups of five fish in 3 L and 1.5 L

lastic tanks (Pentair Aquatic Eco-Systems, Apopkoka, FL, USA),
espectively, beginning at least two days prior to experimenta-
ion. The fish were maintained on a 14:10 h light-dark cycle and
esearch 317 (2017) 444–452 445

in municipal water (28.5 ◦C) that had undergone reverse osmo-
sis and was  then treated with 600 mg  Instant Ocean (United Pet
Group, Blacksburg, VA, USA) and 26.4 mg sodium bicarbonate (Pen-
tair Aquatic Eco-Systems, Apopkoka, FL, USA) per litre. Each tank
was provided with a water flow of 13–14 L per hour while on a
maintenance rack. Adult fish were normally fed twice daily using
300–500 �m pellets of Golden Pearl Reef Diet (Brine Shrimp Direct,
Ogden, UT, USA). Juvenile zebrafish were fed once daily using
100–200 �m GEMMA  Micro Food (Skretting, Westbrook, ME,  USA).
All experiments were conducted in accordance with the Canadian
Council on Animal Care standards and guidelines.

2.2. Experimental apparatus

For training and testing, each home tank containing five fish was
moved to a specialized rack partitioned into three arenas, each con-
taining one fish tank (Sup. Fig. S1). Arenas were separated from one
another by white corrugated plastic sheets (Coroplast, Granby, QC,
CAN), and the back wall of the enclosure was covered in translucent
white nylon fabric, which diffused the LED backlighting for each
tank (1600 lm LED work lights, Snap-on, Kenosha, WI,  USA). While
on the training/testing rack, each tank was  provided with recircu-
lating water from either a dedicated 40 L reservoir for adults or the
maintenance rack system (Pentair Aquatic Eco-Systems, Apopkoka,
FL, USA) for juveniles.

A micro controller (Arduino Uno, Arduino, Ivrea, ITA) with an
associated motor control board (shield) (Product ID: 1438), audi-
tory wave shield (Product ID: 94) and DS1307 real time clock
(Product ID: 264) from Adafruit, New York, NY, USA was used
to control automatic feeders and to present auditory and visual
stimuli. Arduino programs (sketches) were created in the Arduino
integrated development environment [19] utilizing the following
libraries to control the experiments: Time [20], TimeAlarms [21],
Motorshield [22] and waveHC [23]. See Appendix A for Arduino
sketches.

An automatic feeder, produced with a 3D printer (Replicator
2, Makerbot, New York, NY, USA) using biodegradable polylac-
tic acid thermoplastic (stereolithography file downloadable from
http://crollab.physiology.dal.ca/automaticfeeder) was placed over
an existing hole in the lid of each tank (Sup. Fig. S1). Food was placed
in the hopper of each feeder and could be dispensed using a stepper
motor (Sparkfun, Niwot, CO, USA) which turned a 5 mm steel drill
bit. The bit served as an auger to dispense approximately 10 mg  of
the adult food or 4 mg  of the juvenile food. A white plastic divider
was placed at the level of the water, 6.5 cm from the front, to keep
the dispensed food floating near the feeder.

Auditory stimuli were presented to the fish using an 8 ohm
bone conduction sound transducer (Product ID: 1674) (Adafruit,
New York, NY, USA) which was  centred laterally and vertically
underneath the outflow at the back of each tank (Sup. Fig. S1).
The auditory conditioned stimulus consisted of a frequency mod-
ulated (FM) half-second ascending and descending tone sweep
between 100 and 1000 Hz (Sweep Tone Generator, http://www.
audiocheck.net), amplified to half of the maximum output power
of the wave shield (0.125 W).  This auditory stimulus was  selected
based on previous evidence showing maximum sensitivity to this
range of frequencies [24]. To indicate when the auditory stimulus
was administered, a 5 mm red LED (Digi-Key, Thief River Falls, MN,
USA) was placed on the lid of each tank, partially occluded by heat
shrink tubing to allow detection by video recording equipment (see
below) but not by the fish.

The visual conditioned stimulus was presented using a 15 cm

light strip with 6 RGB LEDs (Mosaic LED Flexible Light Kit, Sylva-
nia, Danvers, MA,  USA). The LED strips were placed against each
tank on the support shelf, visible to both the camera and fish (Sup.
Fig. S1). For the experiments, the visual conditioned stimulus con-

http://crollab.physiology.dal.ca/automaticfeeder
http://crollab.physiology.dal.ca/automaticfeeder
http://crollab.physiology.dal.ca/automaticfeeder
http://crollab.physiology.dal.ca/automaticfeeder
http://crollab.physiology.dal.ca/automaticfeeder
http://crollab.physiology.dal.ca/automaticfeeder
http://www.audiocheck.net
http://www.audiocheck.net
http://www.audiocheck.net
http://www.audiocheck.net
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Fig. 1. Instantaneous positions of five zebrafish in a control (A) and experimental (B) tank over the interval from 20 s before and 20 s during the presentation of auditory
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timulus during trial 20. The colour scale refers to the time (s) when corresponding
he  last 10 s of, the auditory stimulus are indicated by black and white squares, resp

ean  movement in the experimental tank was  10.11 cm toward the food source.

isted of green illumination, and was selected based on the spectral
ensitivity of zebrafish [25], with a rated output of 6.3 lm.

.3. Conditioning

Training consisted of 10 sessions during light hours on each
f two consecutive days. Inter-trial intervals of 34–108 min  were
elected from those produced using a random time generator
Random Time Generator, http://www.random.org). Conditioning
as performed by either playing the FM tone sweep or illumi-

ating green LEDs (auditory or visual conditioned stimuli) for
 20-s period. The conditioned stimulus was immediately fol-
owed by the presentation of the food reward from the automatic
eeder. In trials with control fish, the unconditioned stimulus (food)
id not immediately follow the conditioned stimulus, but was

nstead administered at the midpoint of the auditory and visual
nter-stimulus interval except for the last trial in which it was
dministered 17–54 min  later.

After the completion of training for adults, the feeders, plas-
ic dividers and sound transducers were removed from each tank.
hese tanks were then moved back to the racks on which they were
egularly maintained, and normal care was resumed until animals
ere tested for memory retention. Tanks with juvenile fish were

eft on the training/testing rack for the duration of experiments.

.4. Probe trials

Probe trials to test memory retention were conducted at various
imes after training. Fish were either tested in the groups in which
hey were trained or tested individually. For adult group testing,
he entire tank of five fish was moved from the maintenance rack
ack to the observation arena, and the upper divider that prevented
ispersion of the food was reintroduced as a visual landmark at one
nd of the tank. If the fish were to be tested for retention of auditory
onditioning, the sound transducer was also reattached to the tank.
ED strips used for visual conditioning were left adhered to the
helf throughout conditioning and testing. For testing single fish,
ne animal at a time was removed from each of the maintenance
anks and transferred to a new tank equipped with the food divider
nd either the sound transducer or LED strip. All adult fish were
ransferred back to the observation arenas one day before testing
n order to re-acclimate them to the apparatus. On the day of testing,

sh were exposed to the stimulus to which they were conditioned

or 20 s without the food reward to test the association. Each group
r individual fish was given only a single probe trial at 2, 4, 8, 16 or
2 days after training.
 were occupied by the five fish. The mean positions of the group before, and during
ly. Mean movement in the control tank was 2.10 cm away from the food source and

2.5. Data collection and analysis

A single camera was centred along one side of each tank in
the observation arenas such that the outflow was on the right.
Experiments were video recorded either in black and white at a
resolution of 640 × 480 pixels (HCM5748 camera from Honeywell
Video Systems, Louisville, KY, USA) or in colour at a resolution
of 1280 × 720 pixels (C930e camera from Logitech, Newark, CA,
USA). Surveillance software (iSpy, http://www.ispyconnect.com
or Novex, Toronto, ON, CAN) permitted recording time-stamped
video files from multiple cameras simultaneously. Videos were
recorded at or converted to 6 frames/s and were then trimmed
to 40 s clips (VirtualDub, http://www.virtualdub.org) covering the
20 s immediately before exposure to the auditory or visual con-
ditioned stimulus and the 20 s period during presentation of the
conditioned stimulus.

The behaviour of groups of fish during acquisition and probe
trials was  analysed using a program [26] developed in Matlab (The
Mathworks Inc., Natick, MA,  USA). Average positional values for
the group were generated as mean vertical and horizontal coordi-
nates of the individual fish. The behaviour of single fish in probe
trials was  analysed in ImageJ [27] using the built-in Manual Track-
ing plugin. We also reanalysed the tracks of individual fish from
acquisition groups in three control and three experimental tanks
using the Manual Tracking plugin since this plugin generated verti-
cal and horizontal positional values for each fish in each frame and
allowed for analysis of factors such as velocity and turn angle of
individuals and nearest neighbour analysis for group acquisitions.
However, because no significant differences were found in any of
these measures, they were excluded from further analysis and only
the positional values were examined.

The average vertical (Y) and horizontal (X) positions of the fish in
each tank were calculated for the 20 s before the presentation of the
conditioned stimulus and compared to average coordinates during
presentation of the stimulus. These coordinates were measured rel-
ative to the food source as the common origin. This comparison
is similar to what has been previously used to analyse responses
of fish to the presentation of odours [28], and to examine effects
of stress on the position of fish relative to the bottom of the tank
[29]. These horizontal and vertical positions were combined into

a single measure using the following equation
√(

X2 + Y2
)

cor-

responding to the distance from the food source. The distances
during presentation of the conditioned stimulus were then sub-

tracted from the distances before the stimulus. This subtraction was
also performed independently for vertical and horizontal positions.
Positive subtraction scores for vertical coordinates correspond to
upward movements towards the surface, and positive scores for

http://www.random.org
http://www.random.org
http://www.random.org
http://www.random.org
http://www.ispyconnect.com
http://www.ispyconnect.com
http://www.ispyconnect.com
http://www.ispyconnect.com
http://www.virtualdub.org
http://www.virtualdub.org
http://www.virtualdub.org
http://www.virtualdub.org
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orizontal coordinates correspond to a lateral movement toward
he end of the tank with the food source, regardless of initial posi-
ions. Positive combined distance scores correspond to movement
owards the food source. However, adult fish exhibited a substan-
ial latency in responding to the conditioned stimulus and therefore
verage positions were only calculated during the last 10 s of the
0 s stimulus presentation. Juvenile fish showed a shorter latency
nd therefore average positions were calculated during the last 15 s
f the 20 s stimulus presentation.

Linear mixed-effects models were used to analyse the acquisi-
ion data. Models included conditioning treatment and trial number
s fixed effects, and two random effects for the tanks (both intercept
nd by-trial slope). Log-likelihood ratio tests compared reduced
odels with only main effects for conditioning treatment and trial

ersus the full model including both main effects and the interac-
ion between the two. Differences in Akaike’s Information Criterion
�AIC) were also examined [30]. Conclusions paralleled those from
he log-likelihood test P-values, with full models showing �AIC val-
es >10 over the reduced models for all acquisition tests, with the
xception of horizontal position and distance for the juvenile fish
�AIC = 5.2 and 7.4, respectively). In all cases, residual plots showed
o major deviations from normality or homoscedasticity. Two-way

ull factorial analyses of variance (ANOVAs; with conditioning and
robe time factors) and Welch two sample t-tests were conducted

or the probe trials in adults and juveniles, respectively. All analyses
ere performed in R [31] with the help of the following packages:

lme [32], effects [33], car [34], ggplot [35], sjplot [36], plotly [37].
-values are reported in the text but for full statistical analyses see
ppendix B (adult auditory data), Appendix C (adult visual data)
nd Appendix D (juvenile auditory data).

. Results

.1. Auditory conditioning and memory retention of adult fish

.1.1. Acquisition of appetitive conditioning
Both experimental and control fish were observed to swim over

uch of the depth and length of the tank during the 20 s period
efore presentation of the FM tone sweep, with the mean posi-
ion of the fish being near the center of the tank (Fig. 1A, Video
1). During training, the control groups, which were presented food
ith variable delays following the FM sweep, continued a similar

wimming pattern in the 20 s period that the auditory stimulus was
resented. In contrast, the experimental fish, which were presented
ith a food reward directly after each FM sweep, increasingly spent
ore time near the feeding location during the presentation of

he auditory stimulus as training progressed (Fig. 1B, Video S2).
ence, on average, the fish moved closer to the food source during
resentation of the auditory stimulus.

Fig. 2A shows this progressive movement of experimental (but
ot control) fish away from their initial mean position near the cen-
re of the tank and closer to the corner in which food was  presented
s training proceeded. Analysis of linear mixed effects models con-
rmed a significant interaction between conditioning and training

rial (�2(1) = 39.45, p < 0.001). The experimental and control group
cores appeared to begin to diverge after only a few trials and boot-
trapped confidence intervals suggested that by the 5–8th training
rial the experimental groups were moving consistently toward the
ood source during the presentation of the auditory stimulus. The
sh at trial 11 (first trial of day 2) showed no apparent forgetting

rom previous day (Fig. 2A).

Separate analyses of horizontal and vertical components of the

ovements each showed significant interactions between condi-
ion and training trial (vertical: �2(1) = 25.528, p < 0.001, See Fig.
A in [38]; horizontal: �2(1) = 32.471, p < 0.001, See Fig. 2A in [38])
esearch 317 (2017) 444–452 447

suggesting fish learned to adjust both their depth and horizon-
tal position in the tank in response to the conditioning auditory
stimulus.

3.1.2. Memory retention in groups of fish
In order to examine whether the memory for the association

between the auditory stimulus and the food reward was retained
after the acquisition period, we tested the groups of fish for their
responses to the auditory stimulus alone with probe trials at 2 and
16 days following training (represented as circles in Fig. 2B). A two-
way ANOVA on the movement of fish towards the feeding location,
revealed a significant overall effect of conditioning (p = 0.001) and
a significant interaction between conditioning and day of reten-
tion (p = 0.007) but no significant effect of retention day (p > 0.05).
Hence, our data indicate that the memory is retained for at least
2 days and that there is a decline in the strength of the memory
over 16 days. An analysis of only the vertical component of move-
ment showed a significant effect of conditioning (two-way ANOVA,
p = 0.020) but no effect of retention day or interaction between
conditioning and retention day (both p > 0.05; See Fig. 1B in [38]).
Finally, analysis of the horizontal components of the movement
indicated no effect of retention day (two-way ANOVA, p > 0.05; See
Fig. 2B in [38]), but a significant effect of conditioning (p = 0.001)
and a significant effect of interaction between condition and day of
retention (p = 0.007).

3.1.3. Memory retention in individual fish
We considered the possibility that only dominant fish in each

group actually learned the conditioned association, with subordi-
nate fish merely following in the shoal. To determine whether all
fish trained in groups actually learned and retained memories of the
conditioned associations and to attempt a better determination of
the duration of memory retention, we  performed additional probe
trials using single fish at 2, 4, 8, 16 and 32 days post training. An
analysis of movement towards the feeding location showed a sig-
nificant overall effect of conditioning (two-way ANOVA, p = 0.002;
represented as triangles in Fig. 2B), but no effect of retention day
or interaction between retention day and condition (both p > 0.05).
Two-way ANOVAs on the vertical and horizontal data also showed
a significant effect of conditioning (p<0.001; See Fig. 1B in [38] &
p = 0.038; See Fig. 2B in [38], respectively) but no effect of reten-
tion day or interaction between retention day and conditioning (all
p > 0.05). Therefore, the individual fish showed retention of mem-
ory during the period of 2–32 days but the data did not permit
definitive assessment of the time course of memory decline during
this period.

3.2. Visual conditioning and memory retention of adult fish

In addition to examining whether zebrafish could form an asso-
ciation between an auditory stimulus and a food reward, we also
examined the performance of fish in a similar visual conditioning
paradigm.

3.2.1. Acquisition of appetitive conditioning
As with auditory conditioning, fish came to swim closer to the

food source during the presentation of a visual stimulus that was
paired with food. Fig. 3A shows this progressive tendency of fish
in the conditioning treatment (but not those in the control treat-
ment) to swim closer to the corner of the tank in which food was
presented as training progressed. Analysis of linear mixed effects
models confirmed a significant interaction between conditioning

and training trial (�2(1) = 31.755, p < 0.001). Bootstrapped confi-
dence intervals suggested that by the 7–10th training trial, the
experimental groups were moving consistently toward the food
source during the presentation of the auditory stimulus. Separate
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Fig. 2. Movement of adult zebrafish during acquisition and retention of an auditory appetitive paradigm. (A) Adult zebrafish in the experimental group moved towards
the  food source from their initial positions as a result of conditioning to the auditory stimulus. The magnitude of this response increased throughout the training trials.
Zebrafish in the control group did not move toward the food source in response to the auditory stimulus. (B) When tested for retention, both trained groups and individuals
moved closer to the food source compared to controls. Data points are mean distance from the food source before the FM tone sweep minus mean distance from the food
source during the FM tone sweep. Numbers beside data points represent replicates for individuals (single fish) and groups (each containing 5 fish) in each condition. Error
bars  = ± s.e.m.

Fig. 3. Movement of adult zebrafish during acquisition and retention of a visual appetitive paradigm. (A) Zebrafish in the experimental group moved towards the food source
from  their initial positions as a result of conditioning to the visual stimulus. This response increased throughout the training trials. Zebrafish in the control group did not
move  toward the food source in response to the visual stimulus. (B) When tested for retention, trained groups moved closer to the food source when compared to controls.
I ols. D
m oints
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ndividual fish did not move closer to the food source, when compared with contr
ean  distance from the food source during LED illumination. Numbers beside data p

n  each condition. Error bars = ± s.e.m.

nalyses of vertical and horizontal components of the movements
ach showed significant interactions between conditioning and
raining trial (vertical: �2(1) = 28.233, p < 0.001, See Fig. 3A in [38];

orizontal: �2(1) = 15.798, p < 0.001, See Fig. 4A in [38]) suggesting
sh learned to adjust both their depth and horizontal position in

he tank in response to the conditioning auditory stimulus.
ata points are mean distance from the food source before LED illumination minus
 represent replicates for individuals (single fish) and groups (each containing 5 fish)

3.2.2. Memory retention for groups of fish
To examine whether the association between the visual stim-

ulus and the food reward was retained after training, we tested

the groups of fish for their responses to the visual stimulus alone
with probe trials at 2 and 16 days after training (Fig. 3B). A two-
way ANOVA on the movement of fish towards the feeding location
revealed a significant effect of conditioning (p = 0.001) but no sig-
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ificant effect of retention day or interaction between retention
ay and condition (both p > 0.05). An analysis of the vertical com-
onents also showed a significant effect of conditioning (two-way
NOVA, p < 0.001; See Fig. 3B in [38]) but no effect of retention day
r interaction between retention day and condition (both p > 0.05).

 two-way ANOVA of the horizontal data indicated a significant
ffect of condition (p = 0.038) and a significant effect of day of reten-
ion (p = 0.039; See Fig. 4B in [38]) but no interaction between
etention day and condition (p > 0.05).

.2.3. Memory retention in individual fish
Probe trials were performed from 2 to 32 days post training to

etermine whether fish trained in groups also retained memories
or the conditioned associations with a visual stimulus when tested
ndividually. An analysis on the movement towards the feeding
ocation showed no significant effects of condition, day of retention
r any interaction between them (two-way ANOVA, all p > 0.05;
ig. 3B). A two-way ANOVA of the vertical data indicated a sig-
ificant effect of condition (p = 0.012; See Fig. 3B in [38]) but no
ffect of retention day or interaction between retention day and
ondition (both p > 0.05). Analysis of the horizontal data showed
o significant effects of condition, day of retention or any inter-
ction between them (two-way ANOVA, all p > 0.05; See Fig. 4B in
38]). This weaker retention is probably due to a less robust visual
onditioning than what was seen with the auditory conditioning.

.3. Auditory conditioning and memory retention of juvenile fish

Finally, we  examined whether the paradigm that was effective
n rapidly conditioning adult fish was also applicable to juvenile
sh.

.3.1. Acquisition of appetitive conditioning
Similar to the behaviour observed during conditioning of adult

sh, the juvenile fish also swam closer to the food source during the
resentation of the auditory stimulus that was  paired with food.
ig. 4A shows the movement of experimental fish closer to the cor-
er of the tank in which food was presented as training proceeded.
nalysis of linear mixed effects models confirmed a significant

nteraction between conditioning and training trial (�2(1) = 9.4213,
 = 0.002). Bootstrapped confidence intervals again suggested that
y the 10–13th training trial, the experimental groups were mov-

ng consistently toward the food source during the presentation of
he auditory stimulus. Separate analyses of horizontal and vertical
omponents of the movements each indicated significant interac-
ions between condition and training trial (vertical: �2(1) = 16.048,

 < 0.001, See Fig. 5A in [38]; horizontal: �2(1) = 7.1794, p = 0.007,
ee Fig. 6A in [38]) suggesting fish learned to adjust both their depth
nd horizontal position in the tank in response to the conditioning
uditory stimulus.

.3.2. Memory retention for groups of fish
We again examined the retention of the memories for the paired

ssociations by testing groups of juvenile fish for their responses to
he auditory stimulus alone with probe trials at 2 days after training
Fig. 4B) and found that the 2 day experimental group was  signifi-
antly different from the control group (Welch two  sample t-test,

 < 0.046), thus indicating that the experimental groups retained
he memory of the association between the auditory stimulus and
he presentation of food. An analysis of the vertical component of
he data indicated a significant difference between the control and

he experimental data (Welch two sample t-test, p = 0.002; See Fig.
B in [38]). Analysis of the horizontal data showed no significant
ifference between the control and experimental values (Welch
wo sample t-test, p > 0.05; See Fig. 6B in [38]).
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4. Discussion

In this study, we developed automated appetitive paradigms
to condition zebrafish in their home tanks. Our results demon-
strated that fish could rapidly learn to associate either an auditory
(continuous 100–1000–100 Hz FM sweeps) or visual (illumination
of green LEDs) stimulus with the presentation of food. Groups of
zebrafish navigated towards the food source upon presentation
of the conditioned stimulus. The strength of association increased
over the course of 20 acquisition trials, suggesting fish progres-
sively improved in their ability to anticipate the presentation of
food as an unconditioned stimulus. In addition, individual and
groups of zebrafish were capable of retaining and retrieving the
associative memory for at least 2 days post training indicating that
they formed a robust long-term memory of the association.

4.1. Conditioning

A question naturally arises regarding what was learned by the
fish in these studies. We  observed little or no response by the con-
trol fish to the FM sweeps or LED illumination as illustrated by their
consistent, near-zero movements toward the food source, thereby
suggesting that these stimuli were neutral in the absence of any
training. In contrast to the naïve (at the beginning of training) and
control fish, zebrafish that were trained to associate the auditory
or visual stimuli with food rose to the surface in response to the
conditioned stimuli (See Figs. 1,3,5 in [38]), thus mimicking the
innate consummatory behavior of these surface-feeding fish [39].
We therefore propose that this robust conditioned response to a
previously neutral stimulus represents a form of classical condi-
tioning.

In addition to classical conditioning, which resulted in fish
travelling upwards to the surface, the fish also travelled later-
ally towards the feeder in anticipation of food (See Figs. 2, 4,
6 in [38]). This response suggests that they might also learn to
associate food with the specific location at which the food was
dispensed. This finding is consistent with previous studies that
showed zebrafish are capable of forming concurrent double associ-
ations both between the timing of salient cues and a food reward,
and between the reward and its location [15,40]. It is not clear,
however, whether zebrafish formed a cognitive map  of their envi-
ronment [41] or simply formed associations between a specific
landmark (such as the plastic divider near the feeder) and the loca-
tion of the food source [40]. Additional work is needed to determine
whether there was a spatial component to the learned response.
The conditioned response to go toward one side of the tank was,
however, consistently weaker than the response to swim toward
the surface, although caution must also be exercised regarding the
interpretation of this difference. More salient landmarks, clearly
indicating the end of the tank from which the food was dispensed,
might be expected to improve the lateral component of the learned
response significantly [13,42].

Together, these findings suggest that the responses described in
this study are the result of classical conditioning and that a more
complex form of learning may  also be involved. The ability of fish
to anticipate both the timing of food availability and the location of
the food would provide a substantial advantage for fish competing
for limited resources in their natural environment [43].

A consistent finding of these studies was that the auditory con-
ditioning appeared to be stronger than the visual conditioning. This
might appear to be surprising in light of the well-established use
of vision in zebrafish food-finding behavior [44,45]. However, it

is likely that the relative intensities of the stimuli played a role
in the strengths of the responses. The purpose of this study was
simply to determine whether zebrafish could be conditioned in
their home tanks, without stress of handling and with the use of
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Fig. 4. Movement of juvenile zebrafish during acquisition and retention of an auditory appetitive paradigm. (A) Zebrafish in the experimental group moved towards the food
source from their initial positions as a result of conditioning to the auditory stimulus. This response increased throughout the training trials. The control groups did not move
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eside data points represent replicates for groups of 5 fish in each condition. Error 

ifferent modalities of sensory stimuli. No attempt was  made to
alance the salience of the stimuli between the paradigms; stimu-

us intensities were chosen simply within the bounds of what the
sh were known to be able to detect [24,25] but not cause large star-

le responses (unpublished data). Further research will be needed
o test the effectiveness of different tones and colours together with
urations and intensities of stimuli to optimize conditioning.

.2. Rate of acquisition

A number of associative paradigms have been developed to con-
ition zebrafish with between 1 and 40 pairing trials administered
ver the course of 1 to 5 days using aversive stimuli, such as elec-
rical shocks [8,10,12] or disturbances in the water [46]. Appetitive
aradigms, which minimize undesired stress-induced reactions
13], often require large numbers of pairings, ranging from 20 to
00 trials for up to 8 days [14–16,47,48].

The appetitive paradigms described in this paper conditioned
roups of fish in less than 2 days with 10 trials delivered per day.

 significant conditioned response was observed by 5–13 pair-
ngs for auditory and visual conditioning. Again, these results were
btained using somewhat arbitrary inter-trial intervals, stimulus

ntensities and durations, and food amounts. Optimization of these
arameters is likely to improve the rates of learning even further
46]. We  suggest that the rapidity of learning demonstrated in
ur studies is the consequence of both monitoring natural food-
nding responses normally exhibited by zebrafish, and the use of
ome tanks to eliminate stressors, which are inherent features of
any other paradigms involving zebrafish. Other paradigms often

nvolve transferring fish into new experimental tanks, inducing
andling stress [18] and necessitating long acclimation periods
49]. We  minimized stress by conducting experiments in home
anks using the same or equivalent water temperature, compo-

ition and flow as in conventional facilities where zebrafish are
eared and/or maintained. Setting up new experiments and test-
ng fish after long retention periods involves only the moving of

hole tanks with pre-existing groups of fish from the maintenance
ion in groups after 2 days, trained fish moved closer to the food source compared
p minus mean distance from the food source during the FM tone sweep. Numbers
± s.e.m.

racks to the observation racks, followed by overnight acclimation.
Even this minor inconvenience could be avoided by installing the
apparatus we have described permanently around each tank.

4.3. Memory retention

Despite the growing number of learning paradigms for
zebrafish, few studies have examined memory retention beyond
2–3 days after training. For instance, there is evidence that zebrafish
can maintain associative memory of food with either a visual [17]
or olfactory [15] stimulus in place preference paradigms for 1 and
2 days, respectively. Another study observed retention of an aver-
sive association between a visual stimulus and shock after 3 days
[50]. Evidence does exist, however, for spatial memories lasting for
10 days [42].

Our study provides further evidence for long-term memory in
zebrafish. Two-way ANOVAs indicated significant main effects dur-
ing retention periods ranging up to 16 or 32 days after training and
demonstrated memories persisting at least 2 days. As with other
aspects of this study, future optimization of procedures will likely
result in more definitive retention curves. For example, initial con-
ditioning of fish to high performance criteria, rather than simply
to arbitrary numbers of training trials, will probably provide more
accurate estimates of maximum duration of memory retention in
these animals.

Our study also demonstrates a novel aspect of memory retention
in zebrafish. When animals behave as members of social groups, it
can be unclear, without detailed analyses [51,52], how individu-
als contribute to the behaviour of the group as a whole (here, a
shoal of zebrafish). Do all or most fish in the shoal learn the con-
ditioned associations or do only a few fish learn and the rest of
the shoal follows those leaders? It was  also possible that outside
of the context of the shoal, no individual fish would exhibit mem-

ories of the conditioning acquired as a group. Here we exploited
the efficiency of quickly training groups of fish [53] to demon-
strate unambiguous memory retention by individuals. It should be
possible in future to correlate such measures of individual perfor-
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ance with changes in brain activity, to elucidate neural substrates
f learning and memory [5]. Individual testing could also provide

 foundation for genetic and pharmacological screens for factors
ffecting long-term memory consolidation and retrieval.

.4. Advantages of automation

Though automated systems offer conspicuous advantages over
aradigms utilizing manual pairings, few automated paradigms
ave yet been developed for zebrafish [48,54,55]. Automation offers

 more controlled environment by minimizing possible confounds
uch as the presence of experimenters who could potentially act as
redictors for the food reward [48], and by providing more precise
nd consistent delivery of the food reward. Our automated feed-
ng system also overcame a potential problem of satiation [14], as
ood was dispensed in small amounts throughout conditioning. The
eeder can dispense a wide variety of commercially available fish
ood of varying sizes, making it suitable for different fish of different
ges, as demonstrated here with both adult and juvenile fish.

Importantly, automation also offers the opportunity to easily
cale operations up to efficiently condition large number of animals.
he automated apparatus described here is easily constructed, and
an be added to existing tanks without modifications. In addition,
he apparatus has the capacity to present a wide variety of tones and
oloured lights as conditioned stimuli. Durations and intervals can
e easily programmed in Arduino sketches. Thus, the paradigms can
e used not only to test cognitive abilities of fish in high-throughput
creens but also to test for fine sensory discrimination in studies of
sychophysics.

In addition to describing easily constructed and inexpensive
pparatus to produce conditioning, we also demonstrated that
ehavioural responses in zebrafish can be reliably measured by
nalysing movement in two dimensions using cameras and sub-
equent analyses through ImageJ and Matlab. These are readily
vailable and cost effective alternatives to commercially avail-
ble tracking software packages used in many other conditioning
aradigms [14,16,17,40,49].

. Conclusions

With increasing use of zebrafish as models for the study of learn-
ng and memory, it becomes important to establish paradigms to
est a fuller range of this animal’s behavioural repertoire. Demand
or high-throughput screening further requires efficient training
rocedures that can produce robust learning and long-lasting
emories. The appetitive paradigms described here meet these

emands by quickly and reliably conditioning zebrafish to asso-
iate neutral auditory or visual stimuli with food in under 20 trials
ver less than 2 days. The paradigms, with our inexpensive auto-
ated apparatus, can easily be run using groups of either adult

r juvenile fish in their home tanks, thus eliminating the need for
pecialized tanks and extended periods of acclimation. After train-
ng, fish can be removed from the observation arenas and moved
ack to maintenance racks while awaiting probe trials for memory
etention. In this way, we have shown that fish trained in groups
an learn individually, demonstrating long-term memories lasting
t least 2 days. We  anticipate that these automated paradigms will
nd widespread use for rapid, high-throughput investigations of

earning and memory in zebrafish.

cknowledgements
We thank Alexander Goroshkov for essential assistance with
onstruction of apparatus, Dr. Yiling Hu for valuable assistance
ith experimental preparations, Dr. Oliver Braubach and Setareh

[

[

esearch 317 (2017) 444–452 451

Lahsaee with helpful comments, Emma  Neilson, Megan Crosby,
Juyang Long, Emma Finlayson-Trick, Charlotte Nauss & Stephanie
Shewchuk for their assistance with experiments and data collec-
tion, Gretchen Wagner and members of Dalhousie Medical School’s
Zebrafish Core Facility for breeding and maintenance of the fish.
This work was  supported by Natural Sciences and Engineering
Research Council of Canada Engage and Discovery Grants to R.P.C.,
and Discovery Grant to A.F., and Canadian Institutes of Health
Research Operating Grants to R.P.C. and A.F. Funding was also pro-
vided by DMF  Medical Incorporated.

Appendices A–D Supplementary data

Supplementary data associated with this article can be found, in
the online version, at http://dx.doi.org/10.1016/j.bbr.2016.09.044.

References

[1] E.E. Patton, L.I. Zon, The art and design of genetic screens: zebrafish, Nat. Rev.
Genet. 2 (2001) 956–966.

[2] R. Spence, G. Gerlach, C. Lawrence, C. Smith, The behaviour and ecology of the
zebrafish, Danio rerio, Biol. Rev. Camb. Philos. Soc. 83 (2008) 13–34.

[3] L. Bally-Cuif, P. Vernier, Organization and physiology of the zebrafish nervous
system, in: S.F. Perry, M.  Ekker, A.P. Farrell, C.J. Brauner (Eds.), Fish Physiol,
29th ed., Academic Press, New York, NY, 2010, pp. 25–80.

[4] A.C. Roberts, B.R. Bill, D.L. Glanzman, Learning and memory in zebrafish
larvae, Front. Neural Circuits. 7 (2013) 126.

[5] G. Sumbre, G.G. de Polavieja, The world according to zebrafish: how neural
circuits generate behavior, Front. Neural Circuits. 8 (2014) 6–9.

[6] R. Gerlai, High-throughput behavioral screens: the first step towards finding
genes involved in vertebrate brain function using zebrafish, Molecules 15
(2010) 2609–2622.

[7] F. Miscevic, O. Rotstein, X.-Y. Wen, Advances in zebrafish high content and
high throughput technologies, Comb. Chem. High Throughput Screen. 15
(2012) 515–521.

[8] M.  Agetsuma, T. Aoki, R. Aoki, H. Okamoto, Cued fear conditioning in zebrafish
(Danio rerio), in: A.V. Kalueff, A.M. Stewart (Eds.), Zebrafish Protoc.
Neurobehav. Res, Elsevier, New York, 2012, pp. 257–264.

[9] P. Gleason, P. Weber, S. Weber, Effect of group size on avoidance learning in
zebra fish, Brachydanio rerio (Pisces: Cyprinidae), Anim. Learn. Behav. 5 (1977)
213–216.

10] X. Xu, T. Scott-Scheiern, L. Kempker, K. Simons, Active avoidance conditioning
in zebrafish (Danio rerio), Neurobiol. Learn. Mem. 87 (2007) 72–77.

11] G. Pradel, M.  Schachner, R. Schmidt, Inhibition of memory consolidation by
antibodies against cell adhesion molecules after active avoidance
conditioning in zebrafish, J. Neurobiol. 39 (1999) 197–206.

12] M.  Blank, L.D. Guerim, R.F. Cordeiro, M.R.M. Vianna, A one-trial inhibitory
avoidance task to zebrafish: rapid acquisition of an NMDA-dependent
long-term memory, Neurobiol. Learn. Mem.  92 (2009) 529–534.

13] R. Gerlai, Associative learning in zebrafish (Danio rerio), Methods Cell Biol.
101 (2011) 249–270.

14] M.  Sison, R. Gerlai, Associative learning in zebrafish (Danio rerio) in the plus
maze, Behav. Brain Res. 207 (2010) 99–104.

15] O.R. Braubach, H.D. Wood, S. Gadbois, A. Fine, R.P. Croll, Olfactory conditioning
in  the zebrafish (Danio rerio), Behav. Brain Res. 198 (2009) 190–198.

16] D.M. Chacon, A.C. Luchiari, A dose for the wiser is enough: the alcohol benefits
for  associative learning in zebrafish, Prog. Neuropsychopharmacol. Biol.
Psychiatry. 53 (2014) 109–115.

17] L. Al-Imari, R. Gerlai, Sight of conspecifics as reward in associative learning in
zebrafish (Danio rerio), Behav. Brain Res. 189 (2008) 216–219.

18] J.M. Ramsay, G.W. Feist, Z.M. Varga, M.  Westerfield, M.L. Kent, C.B. Schreck,
Whole-body cortisol response of zebrafish to acute net handling stress,
Aquaculture 297 (2009) 157–162.

19] Arduino, Classic Arduino IDE 1.06, 2014, https://www.arduino.cc/en/Main/
OldSoftwareReleases#previous (accessed June 27, 2016).

20] M.  Margolis, Time Library, 2016, https://www.pjrc.com/teensy/td libs Time.
html (accessed June 27, 2016).

21] M.  Margolis, Time Alarms Library, 2014, https://www.pjrc.com/teensy/td
libs TimeAlarms.html (accessed June 27, 2016).

22] Adafruit, Motorshield Library, 2016, https://learn.adafruit.com/
adafruit-motor-shield-v2-for-arduino/install-software (accessed June 27,
2016).

23] Adafruit, WaveHC Library, 2015, https://learn.adafruit.com/
adafruit-wave-shield-audio-shield-for-arduino/wavehc-library (accessed

June 27, 2016).

24] A.L. Cervi, K.R. Poling, D.M. Higgs, Behavioral measure of frequency detection
and discrimination in the zebrafish, Danio rerio, Zebrafish 9 (2012) 1–7.

25] M.L. Risner, E. Lemerise, E.V. Vukmanic, A. Moore, Behavioral spectral
sensitivity of the zebrafish (Danio rerio), Vision Res. 46 (2006) 2625–2635.

http://dx.doi.org/10.1016/j.bbr.2016.09.044
http://dx.doi.org/10.1016/j.bbr.2016.09.044
http://dx.doi.org/10.1016/j.bbr.2016.09.044
http://dx.doi.org/10.1016/j.bbr.2016.09.044
http://dx.doi.org/10.1016/j.bbr.2016.09.044
http://dx.doi.org/10.1016/j.bbr.2016.09.044
http://dx.doi.org/10.1016/j.bbr.2016.09.044
http://dx.doi.org/10.1016/j.bbr.2016.09.044
http://dx.doi.org/10.1016/j.bbr.2016.09.044
http://dx.doi.org/10.1016/j.bbr.2016.09.044
http://dx.doi.org/10.1016/j.bbr.2016.09.044
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0005
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0005
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0005
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0005
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0005
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0005
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0005
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0005
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0005
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0005
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0005
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0005
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0005
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0005
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0005
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0005
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0005
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0005
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0005
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0005
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0010
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0010
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0010
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0010
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0010
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0010
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0010
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0010
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0010
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0010
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0010
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0010
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0010
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0010
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0010
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0010
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0010
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0010
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0010
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0010
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0010
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0010
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0010
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0010
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0010
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0010
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0010
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0010
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0015
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0015
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0015
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0015
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0015
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0015
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0015
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0015
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0015
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0015
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0015
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0015
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0015
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0015
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0015
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0015
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0015
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0015
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0015
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0015
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0015
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0015
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0015
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0015
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0015
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0015
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0015
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0015
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0015
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0015
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0015
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0015
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0015
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0015
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0015
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0015
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0015
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0015
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0020
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0020
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0020
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0020
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0020
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0020
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0020
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0020
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0020
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0020
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0020
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0020
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0020
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0020
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0020
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0020
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0020
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0020
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0025
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0025
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0025
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0025
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0025
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0025
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0025
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0025
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0025
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0025
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0025
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0025
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0025
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0025
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0025
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0025
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0025
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0025
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0025
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0025
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0025
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0025
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0025
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0030
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0030
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0030
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0030
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0030
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0030
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0030
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0030
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0030
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0030
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0030
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0030
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0030
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0030
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0030
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0030
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0030
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0030
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0030
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0030
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0030
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0030
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0030
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0030
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0030
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0030
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0035
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0035
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0035
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0035
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0035
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0035
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0035
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0035
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0035
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0035
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0035
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0035
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0035
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0035
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0035
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0035
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0035
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0035
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0035
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0035
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0035
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0035
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0035
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0035
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0035
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0035
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0035
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0040
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0040
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0040
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0040
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0040
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0040
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0040
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0040
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0040
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0040
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0040
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0040
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0040
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0040
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0040
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0040
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0040
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0040
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0040
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0040
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0040
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0040
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0040
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0040
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0040
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0040
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0040
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0040
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0040
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0040
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0040
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0040
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0040
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0040
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0045
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0045
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0045
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0045
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0045
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0045
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0045
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0045
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0045
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0045
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0045
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0045
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0045
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0045
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0045
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0045
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0045
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0045
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0045
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0045
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0045
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0045
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0045
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0045
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0045
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0045
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0045
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0045
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0050
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0050
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0050
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0050
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0050
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0050
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0050
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0050
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0050
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0050
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0050
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0050
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0050
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0050
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0050
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0050
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0050
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0050
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0050
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0050
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0050
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0050
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0050
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0050
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0050
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0050
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0050
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0055
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0055
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0055
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0055
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0055
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0055
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0055
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0055
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0055
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0055
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0055
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0055
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0055
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0055
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0055
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0055
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0055
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0055
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0055
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0055
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0055
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0055
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0055
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0055
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0055
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0055
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0055
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0055
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0055
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0060
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0060
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0060
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0060
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0060
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0060
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0060
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0060
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0060
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0060
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0060
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0060
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0060
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0060
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0060
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0060
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0060
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0060
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0060
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0060
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0060
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0060
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0060
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0060
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0060
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0060
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0060
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0060
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0060
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0060
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0060
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0060
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0060
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0060
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0060
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0060
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0065
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0065
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0065
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0065
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0065
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0065
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0065
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0065
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0065
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0065
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0065
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0065
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0065
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0065
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0065
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0065
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0065
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0065
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0070
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0070
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0070
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0070
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0070
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0070
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0070
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0070
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0070
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0070
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0070
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0070
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0070
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0070
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0070
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0070
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0070
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0070
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0070
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0070
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0070
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0070
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0070
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0070
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0075
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0075
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0075
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0075
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0075
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0075
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0075
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0075
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0075
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0075
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0075
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0075
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0075
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0075
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0075
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0075
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0075
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0075
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0075
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0075
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0075
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0075
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0075
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0075
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0075
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0075
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0075
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0080
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0080
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0080
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0080
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0080
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0080
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0080
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0080
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0080
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0080
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0080
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0080
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0080
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0080
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0080
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0080
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0080
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0080
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0080
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0080
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0080
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0080
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0080
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0080
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0080
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0080
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0080
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0080
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0085
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0085
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0085
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0085
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0085
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0085
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0085
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0085
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0085
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0085
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0085
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0085
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0085
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0085
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0085
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0085
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0085
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0085
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0085
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0085
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0085
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0085
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0085
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0085
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0085
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0085
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0085
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0085
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0090
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0090
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0090
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0090
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0090
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0090
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0090
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0090
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0090
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0090
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0090
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0090
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0090
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0090
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0090
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0090
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0090
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0090
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0090
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0090
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0090
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0090
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0090
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0090
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0090
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0090
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0090
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0090
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0090
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0090
http://https://www.arduino.cc/en/Main/OldSoftwareReleases
http://https://www.arduino.cc/en/Main/OldSoftwareReleases
http://https://www.arduino.cc/en/Main/OldSoftwareReleases
http://https://www.arduino.cc/en/Main/OldSoftwareReleases
http://https://www.arduino.cc/en/Main/OldSoftwareReleases
http://https://www.arduino.cc/en/Main/OldSoftwareReleases
http://https://www.arduino.cc/en/Main/OldSoftwareReleases
http://https://www.pjrc.com/teensy/td_libs_Time.html
http://https://www.pjrc.com/teensy/td_libs_Time.html
http://https://www.pjrc.com/teensy/td_libs_Time.html
http://https://www.pjrc.com/teensy/td_libs_Time.html
http://https://www.pjrc.com/teensy/td_libs_Time.html
http://https://www.pjrc.com/teensy/td_libs_Time.html
http://https://www.pjrc.com/teensy/td_libs_Time.html
http://https://www.pjrc.com/teensy/td_libs_Time.html
http://https://www.pjrc.com/teensy/td_libs_Time.html
http://https://www.pjrc.com/teensy/td_libs_TimeAlarms.html
http://https://www.pjrc.com/teensy/td_libs_TimeAlarms.html
http://https://www.pjrc.com/teensy/td_libs_TimeAlarms.html
http://https://www.pjrc.com/teensy/td_libs_TimeAlarms.html
http://https://www.pjrc.com/teensy/td_libs_TimeAlarms.html
http://https://www.pjrc.com/teensy/td_libs_TimeAlarms.html
http://https://www.pjrc.com/teensy/td_libs_TimeAlarms.html
http://https://www.pjrc.com/teensy/td_libs_TimeAlarms.html
http://https://www.pjrc.com/teensy/td_libs_TimeAlarms.html
http://https://learn.adafruit.com/adafruit-motor-shield-v2-for-arduino/install-software
http://https://learn.adafruit.com/adafruit-motor-shield-v2-for-arduino/install-software
http://https://learn.adafruit.com/adafruit-motor-shield-v2-for-arduino/install-software
http://https://learn.adafruit.com/adafruit-motor-shield-v2-for-arduino/install-software
http://https://learn.adafruit.com/adafruit-motor-shield-v2-for-arduino/install-software
http://https://learn.adafruit.com/adafruit-motor-shield-v2-for-arduino/install-software
http://https://learn.adafruit.com/adafruit-motor-shield-v2-for-arduino/install-software
http://https://learn.adafruit.com/adafruit-motor-shield-v2-for-arduino/install-software
http://https://learn.adafruit.com/adafruit-motor-shield-v2-for-arduino/install-software
http://https://learn.adafruit.com/adafruit-motor-shield-v2-for-arduino/install-software
http://https://learn.adafruit.com/adafruit-motor-shield-v2-for-arduino/install-software
http://https://learn.adafruit.com/adafruit-motor-shield-v2-for-arduino/install-software
http://https://learn.adafruit.com/adafruit-wave-shield-audio-shield-for-arduino/wavehc-library
http://https://learn.adafruit.com/adafruit-wave-shield-audio-shield-for-arduino/wavehc-library
http://https://learn.adafruit.com/adafruit-wave-shield-audio-shield-for-arduino/wavehc-library
http://https://learn.adafruit.com/adafruit-wave-shield-audio-shield-for-arduino/wavehc-library
http://https://learn.adafruit.com/adafruit-wave-shield-audio-shield-for-arduino/wavehc-library
http://https://learn.adafruit.com/adafruit-wave-shield-audio-shield-for-arduino/wavehc-library
http://https://learn.adafruit.com/adafruit-wave-shield-audio-shield-for-arduino/wavehc-library
http://https://learn.adafruit.com/adafruit-wave-shield-audio-shield-for-arduino/wavehc-library
http://https://learn.adafruit.com/adafruit-wave-shield-audio-shield-for-arduino/wavehc-library
http://https://learn.adafruit.com/adafruit-wave-shield-audio-shield-for-arduino/wavehc-library
http://https://learn.adafruit.com/adafruit-wave-shield-audio-shield-for-arduino/wavehc-library
http://https://learn.adafruit.com/adafruit-wave-shield-audio-shield-for-arduino/wavehc-library
http://https://learn.adafruit.com/adafruit-wave-shield-audio-shield-for-arduino/wavehc-library
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0120
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0120
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0120
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0120
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0120
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0120
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0120
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0120
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0120
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0120
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0120
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0120
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0120
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0120
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0120
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0120
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0120
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0120
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0120
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0120
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0120
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0120
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0120
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0120
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0120
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0125
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0125
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0125
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0125
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0125
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0125
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0125
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0125
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0125
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0125
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0125
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0125
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0125
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0125
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0125
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0125
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0125
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0125
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0125
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0125
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0125
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0125
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0125
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0125
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0125


4 Brain R

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

85–97.
[54] D.T. Cerutti, J. Jozefowiez, J.E.R. Staddon, Rapid, accurate time estimation in

zebrafish (Danio rerio), Behav. Process. 99 (2013) 21–25.
[55] K. Manabe, R.J. Dooling, S. Takaku, Differential reinforcement of an approach
52 J.M. Doyle et al. / Behavioural 

26] R.C. Wyeth, O.R. Braubach, A. Fine, R.P. Croll, Videograms: a method for
repeatable unbiased quantitative behavioral analysis without scoring or
tracking, in: A.V. Kalueff, J.M. Cachat (Eds.), Zebrafish Neurobehav. Protoc.,
Elsevier, New York, 2011, pp. 15–33.

27] J. Schindelin, C.T. Rueden, M.C. Hiner, K.W. Eliceiri, The ImageJ ecosystem: an
open platform for biomedical image analysis, Mol. Reprod. Dev. 82 (2015)
518–529.

28] A. Hussain, L.R. Saraiva, D.M. Ferrero, G. Ahuja, V.S. Krishna, S.D. Liberles, S.I.
Korsching, High-affinity olfactory receptor for the death-associated odor
cadaverine, Proc. Natl. Acad. Sci. U. S. A. 110 (2013) 19579–19584.

29] S. Tran, M.  Nowicki, N. Fulcher, D. Chatterjee, R. Gerlai, Interaction between
handling induced stress and anxiolytic effects of ethanol in zebrafish: a
behavioral and neurochemical analysis, Behav. Brain Res. 298 (2016) 278–285.

30] K.P. Burnham, D.R. Anderson (Eds.), Model selection and multimodel
inference: a practical information-theoretic approach, Springer, New York,
New York, NY, 2004.

31] R Core Team, R: A Language and Environment for Statistical Computing, 2016,
https://www.r-project.org/ (accessed June 27, 2016).

32] J. Pinheiro, D. Bates, S. DebRoy, D. Sarkar, R Core Team Nlme: Linear and
Nonlinear Mixed Effects Models, 2016, http://cran.r-project.org/
package=nlme (accessed June 27, 2016).

33] J. Fox, Effect displays in R for generalised linear models, J. Stat. Software 8
(2003) 1–27.

34] J. Fox, S. Weisberg, An R companion to applied regression, in: Sage, second ed.,
2011, http://socserv.socsci.mcmaster.ca/jfox/Books/Companion/ (accessed
June 27, 2016).

35] H. Wickham, Ggplot2: Elegant Graphics for Data Analysis, Springer, New York,
New York NY, 2009.

36] D. Lüdecke, SjPlot: Data Visualization for Statistics in Social Science, 2016,
http://cran.r-project.org/package=sjPlot (accessed June 27, 2016).

37] C. Sievert, C. Parmer, T. Hocking, S. Chamberlain, K. Ram, M.  Corvellec, P.
Despouy, Create Interactive Web  Graphics via Plotly.js, 2016, https://cran.
r-project.org/package=plotly (accessed June 27, 2016).

38] N. Merovitch, J.D. Doyle, R.C. Wyeth, M.R. Stoyek, A. Fine, R.P. Croll, Data on
Horizontal and Vertical Movements of Zebrafish During Appetitive
Conditioning, 2016, Data Br. Submitted.
39] P.S. Suriyampola, D.S. Shelton, R. Shukla, T. Roy, A. Bhat, E.P. Martins,
Zebrafish social behavior in the wild, Zebrafish 13 (2016) 1–8.

40] I. Karnik, R. Gerlai, Can zebrafish learn spatial tasks? An empirical analysis of
place and single CS-US associative learning, Behav. Brain Res. 233 (2012)
415–421.
esearch 317 (2017) 444–452

41] J. O’Keefe, L. Nadel, Précis of O’Keefe & Nadel’s the hippocampus as a cognitive
map, Behav. Brain Sci. 2 (1979) 487–494.

42] F.E. Williams, D. White, W.S. Messer, A simple spatial alternation task for
assessing memory function in zebrafish, Behav. Process. 58 (2002) 125–132.

43] R.E. Engeszer, L.B. Patterson, A.A. Rao, D.M. Parichy, Zebrafish in the wild: a
review of natural history and new notes from the field, Zebrafish 4 (2007)
21–40.

44] E. Gahtan, P. Tanger, H. Baier, Visual prey capture in larval zebrafish Is
controlled by identified reticulospinal neurons downstream of the tectum, J.
Neurosci. 25 (2005) 9294–9303.

45] S.C.F. Neuhauss, Behavioral genetic approaches to visual system development
and function in zebrafish, J. Neurobiol. 54 (2003) 148–160.

46] C. Morin, M.  a. de Souza Silva, C.P. Müller, P. Hardigan, R.E. Spieler, Active
avoidance learning in zebrafish (Danio rerio)—the role of sensory modality
and inter-stimulus interval, Behav. Brain Res. 248 (2013) 141–143.

47] R.M. Colwill, M.P. Raymond, L. Ferreira, H. Escudero, Visual discrimination
learning in zebrafish (Danio rerio), Behav. Process. 70 (2005) 19–31.

48] K.P. Mueller, S.C.F. Neuhauss, Automated visual choice discrimination
learning in zebrafish (Danio rerio), J. Integr. Neurosci. 11 (2012) 73–85.

49] M.  Sison, R. Gerlai, Associative learning performance is impaired in zebrafish
(Danio rerio) by the NMDA-R antagonist MK-801, Neurobiol. Learn. Mem. 96
(2011) 230–237.

50] X. Xu, S. Goetz, Assessing learning and memory through the active avoidance
paradigm, in: A.V. Kalueff, A.M. Stewart (Eds.), Zebrafish Protoc. Neurobehav.
Res., Elsevier, New York, NY, 2012, pp. 265–272.

51] T.D. Seeley, S.C. Buhrman, Group decision making in swarms of honey bees,
Behav. Ecol. Sociobiol. 45 (1999) 19–31.

52] M.  Nagy, Z. Akos, D. Biro, T. Vicsek, Z. Ákos, D. Biro, T. Vicsek, Hierarchical
group dynamics in pigeon flocks, Nature 464 (2010) 890–893.

53] O.R. Braubach, R.C. Wyeth, A. Murray, A. Fine, R.P. Croll, A simple and effective
method to condition olfactory behaviors in groups of zebrafish, in: A. Kalueff,
J.  Cachat (Eds.), Zebrafish Neurobehav. Protoc, Elsevier, New York, 2011, pp.
response in zebrafish (Danio rerio), Behav. Process. 98 (2013) 106–111.

http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0130
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0130
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0130
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0130
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0130
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0130
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0130
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0130
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0130
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0130
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0130
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0130
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0130
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0130
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0130
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0130
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0130
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0130
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0130
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0130
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0130
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0130
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0130
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0130
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0130
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0130
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0130
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0130
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0130
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0130
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0130
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0130
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0130
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0130
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0130
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0130
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0130
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0130
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0135
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0135
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0135
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0135
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0135
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0135
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0135
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0135
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0135
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0135
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0135
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0135
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0135
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0135
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0135
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0135
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0135
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0135
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0135
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0135
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0135
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0135
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0135
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0135
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0135
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0135
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0140
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0140
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0140
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0140
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0140
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0140
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0140
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0140
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0140
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0140
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0140
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0140
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0140
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0140
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0140
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0140
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0140
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0140
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0140
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0140
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0140
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0140
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0140
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0140
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0140
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0140
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0140
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0140
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0140
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0140
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0140
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0140
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0140
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0140
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0140
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0140
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0140
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0140
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0145
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0145
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0145
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0145
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0145
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0145
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0145
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0145
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0145
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0145
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0145
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0145
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0145
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0145
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0145
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0145
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0145
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0145
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0145
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0145
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0145
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0145
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0145
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0145
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0145
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0145
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0145
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0145
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0145
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0145
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0145
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0145
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0145
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0145
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0145
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0150
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0150
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0150
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0150
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0150
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0150
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0150
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0150
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0150
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0150
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0150
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0150
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0150
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0150
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0150
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0150
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0150
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0150
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0150
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0150
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0150
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0150
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0150
http://https://www.r-project.org/
http://https://www.r-project.org/
http://https://www.r-project.org/
http://https://www.r-project.org/
http://https://www.r-project.org/
http://https://www.r-project.org/
http://cran.r-project.org/package=nlme
http://cran.r-project.org/package=nlme
http://cran.r-project.org/package=nlme
http://cran.r-project.org/package=nlme
http://cran.r-project.org/package=nlme
http://cran.r-project.org/package=nlme
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0165
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0165
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0165
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0165
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0165
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0165
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0165
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0165
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0165
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0165
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0165
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0165
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0165
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0165
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0165
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0165
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0165
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0165
http://socserv.socsci.mcmaster.ca/jfox/Books/Companion/
http://socserv.socsci.mcmaster.ca/jfox/Books/Companion/
http://socserv.socsci.mcmaster.ca/jfox/Books/Companion/
http://socserv.socsci.mcmaster.ca/jfox/Books/Companion/
http://socserv.socsci.mcmaster.ca/jfox/Books/Companion/
http://socserv.socsci.mcmaster.ca/jfox/Books/Companion/
http://socserv.socsci.mcmaster.ca/jfox/Books/Companion/
http://socserv.socsci.mcmaster.ca/jfox/Books/Companion/
http://socserv.socsci.mcmaster.ca/jfox/Books/Companion/
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0175
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0175
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0175
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0175
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0175
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0175
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0175
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0175
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0175
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0175
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0175
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0175
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0175
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0175
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0175
http://cran.r-project.org/package=sjPlot
http://cran.r-project.org/package=sjPlot
http://cran.r-project.org/package=sjPlot
http://cran.r-project.org/package=sjPlot
http://cran.r-project.org/package=sjPlot
http://cran.r-project.org/package=sjPlot
http://https://cran.r-project.org/package=plotly
http://https://cran.r-project.org/package=plotly
http://https://cran.r-project.org/package=plotly
http://https://cran.r-project.org/package=plotly
http://https://cran.r-project.org/package=plotly
http://https://cran.r-project.org/package=plotly
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0190
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0190
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0190
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0190
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0190
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0190
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0190
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0190
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0190
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0190
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0190
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0190
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0190
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0190
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0190
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0190
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0190
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0190
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0190
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0190
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0190
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0190
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0190
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0190
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0190
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0190
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0190
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0195
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0195
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0195
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0195
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0195
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0195
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0195
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0195
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0195
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0195
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0195
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0195
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0195
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0195
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0195
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0195
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0195
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0195
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0195
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0195
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0195
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0195
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0195
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0195
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0200
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0200
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0200
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0200
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0200
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0200
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0200
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0200
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0200
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0200
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0200
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0200
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0200
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0200
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0200
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0200
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0200
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0200
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0200
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0200
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0200
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0200
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0200
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0200
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0200
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0200
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0200
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0200
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0200
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0205
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0205
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0205
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0205
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0205
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0205
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0205
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0205
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0205
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0205
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0205
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0205
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0205
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0205
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0205
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0205
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0205
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0205
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0205
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0205
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0205
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0205
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0205
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0210
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0210
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0210
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0210
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0210
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0210
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0210
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0210
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0210
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0210
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0210
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0210
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0210
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0210
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0210
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0210
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0210
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0210
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0210
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0210
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0210
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0210
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0210
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0210
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0215
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0215
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0215
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0215
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0215
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0215
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0215
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0215
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0215
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0215
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0215
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0215
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0215
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0215
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0215
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0215
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0215
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0215
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0215
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0215
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0215
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0215
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0215
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0215
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0215
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0215
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0215
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0215
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0215
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0220
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0220
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0220
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0220
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0220
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0220
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0220
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0220
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0220
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0220
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0220
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0220
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0220
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0220
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0220
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0220
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0220
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0220
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0220
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0220
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0220
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0220
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0220
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0220
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0220
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0220
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0220
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0220
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0220
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0225
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0225
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0225
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0225
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0225
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0225
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0225
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0225
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0225
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0225
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0225
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0225
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0225
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0225
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0225
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0225
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0225
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0225
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0225
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0225
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0230
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0230
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0230
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0230
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0230
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0230
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0230
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0230
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0230
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0230
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0230
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0230
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0230
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0230
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0230
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0230
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0230
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0230
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0230
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0230
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0230
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0230
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0230
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0230
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0230
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0230
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0230
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0230
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0230
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0230
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0230
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0230
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0230
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0230
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0230
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0230
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0230
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0230
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0230
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0230
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0230
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0235
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0235
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0235
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0235
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0235
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0235
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0235
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0235
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0235
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0235
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0235
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0235
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0235
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0235
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0235
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0235
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0235
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0235
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0235
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0235
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0235
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0235
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0235
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0235
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0240
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0240
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0240
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0240
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0240
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0240
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0240
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0240
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0240
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0240
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0240
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0240
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0240
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0240
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0240
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0240
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0240
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0240
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0240
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0240
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0240
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0240
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0240
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0245
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0245
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0245
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0245
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0245
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0245
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0245
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0245
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0245
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0245
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0245
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0245
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0245
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0245
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0245
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0245
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0245
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0245
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0245
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0245
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0245
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0245
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0245
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0245
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0245
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0245
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0245
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0245
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0245
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0245
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0245
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0245
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0250
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0250
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0250
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0250
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0250
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0250
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0250
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0250
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0250
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0250
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0250
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0250
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0250
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0250
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0250
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0250
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0250
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0250
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0250
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0250
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0250
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0250
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0250
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0250
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0250
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0250
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0250
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0250
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0250
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0250
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0250
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0250
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0255
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0255
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0255
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0255
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0255
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0255
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0255
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0255
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0255
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0255
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0255
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0255
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0255
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0255
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0255
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0255
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0255
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0255
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0255
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0255
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0260
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0260
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0260
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0260
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0260
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0260
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0260
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0260
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0260
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0260
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0260
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0260
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0260
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0260
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0260
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0260
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0260
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0260
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0260
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0260
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0260
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0260
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0260
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0260
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0260
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0260
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0265
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0265
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0265
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0265
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0265
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0265
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0265
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0265
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0265
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0265
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0265
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0265
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0265
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0265
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0265
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0265
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0265
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0265
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0265
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0265
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0265
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0265
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0265
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0265
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0265
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0265
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0265
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0265
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0265
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0265
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0265
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0265
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0265
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0265
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0265
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0265
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0265
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0265
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0265
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0265
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0270
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0270
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0270
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0270
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0270
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0270
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0270
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0270
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0270
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0270
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0270
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0270
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0270
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0270
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0270
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0270
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0270
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0270
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0270
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0270
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0270
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0270
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0270
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0275
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0275
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0275
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0275
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0275
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0275
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0275
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0275
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0275
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0275
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0275
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0275
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0275
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0275
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0275
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0275
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0275
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0275
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0275
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0275
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0275
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0275
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0275
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0275
http://refhub.elsevier.com/S0166-4328(16)30641-6/sbref0275

	A simple automated system for appetitive conditioning of zebrafish in their home tanks
	1 Introduction
	2 Methods
	2.1 Animals
	2.2 Experimental apparatus
	2.3 Conditioning
	2.4 Probe trials
	2.5 Data collection and analysis

	3 Results
	3.1 Auditory conditioning and memory retention of adult fish
	3.1.1 Acquisition of appetitive conditioning
	3.1.2 Memory retention in groups of fish
	3.1.3 Memory retention in individual fish

	3.2 Visual conditioning and memory retention of adult fish
	3.2.1 Acquisition of appetitive conditioning
	3.2.2 Memory retention for groups of fish
	3.2.3 Memory retention in individual fish

	3.3 Auditory conditioning and memory retention of juvenile fish
	3.3.1 Acquisition of appetitive conditioning
	3.3.2 Memory retention for groups of fish


	4 Discussion
	4.1 Conditioning
	4.2 Rate of acquisition
	4.3 Memory retention
	4.4 Advantages of automation

	5 Conclusions
	Acknowledgements
	Appendices A–D Supplementary data
	References


