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Abstract
The marked differences in predation risk posed by white sharks (Carcarodon carcarias) at island rookeries of Cape fur seals (Arctocephalus pusillus pusillus) offer a quasiexperimental design within a natural system for exploring how prey adjust their
behavior in response to temporal variation in predation risk. Here we compare movement of juvenile and adult Cape fur seals at a high risk (Seal Island) and low risk
(Egg Island) rookery. We further compare juveniles and adults at Seal Island in low
and high risk seasons and at low and high risk times of day within those seasons.
Adult fur seals at Seal Island avoided traversing the zone of high white shark predation risk during the high risk period (0700–0959) in the season of high risk (winter), but not during the low risk season (summer). By contrast, adult fur seals at Egg
Island showed no temporal discretion in either season. Unlike juvenile fur seals at
Egg Island, juveniles at Seal Island adjusted their temporal movement patterns to
more closely mimic adult seal movement patterns. This suggests that exposure to predators is the primary driver of temporal adjustments to movement by prey species
commuting from a central place.
Key words: predator-prey, antipredation, risk avoidance, Seal Island, Cape fur seal,
white shark, learning.

Many studies have revealed how prey animals balance activities such as feeding and
mating with predator avoidance (examples of reviews in Lima and Dill 1990, Lima
1998, Caro 2005, Cresswell 2008) mostly by assessing the behavioral changes of prey
in response to the presence or absence of predators. Temporal risk aversion has been
reported in a diverse array of taxa including mammals (e.g., Clark 2005), invertebrates
(e.g., Ramos-Jiliberto and Gonzalez-Olivares 2000), reptiles (e.g., Rohr et al. 2003)
fish (Fraser and Gilliam 2006) and amphibians (Pizzatto et al. 2008). Predation risk
has also been shown to vary with lunar cycles (e.g., Wolfe and Summerlin 1989),
season (e.g., Griffin et al. 2005) and time of day (e.g., Caldwell 1986).
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Although antipredator defenses have been shown to have a strong genetic basis
across a wide range of taxa (Wright and Huntingford 1993, Maloney 1995, Stoks
et al. 2003), and many species show innate predator recognition (Monclus and R€odel
2008), most species require experience with predators and/or predator cues before recognizing and responding to predator risk (e.g., Griffin and Evans 2003, Ferrari et al.
2006, Berger and Gotthard 2008). Experimental systems often may not allow enough
time for prey individuals to learn about temporal variation in predation risk. However, the problem with observing natural patterns of non-na€ıve prey activity in
response to pulses of risk is that one is looking at the finished product of such a learning process. Thus it is difficult to assess predation risk as the causative force which
may have shaped such activity patterns. However, since predation risk is usually
learned from a baseline of an initial risk-insensitive state in the ontogeny of most species (Hinde 1956, Roth and Johnson 2004, Hayes et al. 2006, Hawkins et al. 2008,
Hollen et al. 2008) the initial and eventual behavior of juvenile prey may offer an
opportunity to record such an adjustment.
Seal Island, South Africa, provides an opportunity to add to the existing literature on how prey adjust their behavior in response to temporal variation in predation risk. Previous studies show that predation at island rookeries off the south
coast peaks during winter months (May–September) and is highest for single juvenile seals returning to rookeries in the early morning. Furthermore most predation
occurs within 100 m of the Island within the so called Danger Zone (Martin et al.
2005, 2009; Hammerschlag et al. 2006; Laroche et al. 2007, 2008; Fallows et al.
2012; Martin and Hammerschlag 2012). The marked seasonal, diel, and spatial differences in predation risk at Seal Island offers a quasi-experimental design within a
natural system for exploring how white shark presence and predation risk affects
the movement patterns of fur seals to and from island rookeries. By comparing
juvenile and adult seal behavior at Seal Island, with the same age classes of fur seals
at an island rookery characterized with little to no predation, we can also begin to
understand the importance of learning in natural systems with variation in predation risk. Together these factors offer an opportunity to gain insight into the relative contribution of temporal variation in predation risk to the behavioral patterns
of prey animals in a natural system.
Based on results from previous studies (Laroche et al. 2008, Martin and Hammerschlag 2012), we predicted that adult seal activity would be depressed within the deep
open water within 1,000 m of the island (i.e., the danger zone sensu Martin et al.
2009, Fallows et al. 2012) during high risk periods (sunrise in winter) at Seal Island.
We predicted that juveniles would gradually reduce their presence within the danger
zone during high risk periods as they learn the clear temporal and spatial peaks of
predation risk around Seal Island. We further predicted that these temporal patterns
of predator avoidance would be absent at Egg Island, which is characterized by low to
no predation risk.

Methods
Study Site and Risk Areas
We collected data at Seal Island, False Bay (where there are high levels of seal predation by white sharks in winter), and at Egg Island, off Paternoster Rocks (where no
predation events have been documented) (Fig. 1).
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Figure 1. Telemetry set-up at Seal Island during this study. The data logging station was
positioned at the highest point on the island, and consisted of a solar-powered data logger/
receiver. This figure also illustrates the geographic locations of the two study sites relative to
each other, the extent of the “danger zone,” the relative position of the fur seals’ foraging
grounds, and the general movement paths of these animals to and from the island.

Seal Island is a granite outcrop about 2 ha in area and the only breeding locality of
Cape fur seals in False Bay. It is the second largest breeding colony in South Africa in
terms of pup production, and the largest colony (between 12,000 and 18,000 pups)
that is based on an island (Kirkman et al. 2007). The habitat around the island is
fairly homogenous with no kelp cover. The underwater topography features a sharp
drop off to the northwest, west, and south of the island, whereas a more shallow drop
off is evident to the east and northeast. To the south of the island is an area dubbed
the “launch pad,” a shallow outcrop where seals typically aggregate before leaving the
island.
Egg Island, is also a granite outcrop, although much smaller in size than Seal
Island. Egg Island represents the second largest island-breeding colony in South
Africa (between 1,000 and 3,000 pups; Kirkman et al. 2007). The habitat around the
island is more complex than Seal Island with extensive kelp beds surrounding the
island.
Telemetry
Adult cows and juveniles of both sexes were captured on each island using a modified hoop net (Gamel et al. 2005). Individuals within these age classes were selected
at random while attempting to minimize disturbance to the colony (i.e., we preferred
animals that were resting behind rocks that facilitated a close approach before detection and ultimately a higher capture success). The front end of the hoop net comprised a PVC-cone that covered the eyes of a captured seal, but left the mouth and
nose protruding. This design allowed for the direct application of a gas mask without
the threat of injury from bites. Both cows and juveniles were strapped to a restraining
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board while still in the hoop net. Isofluorine gas was then administered from a portable anesthetic machine to adult females to facilitate their handling. Mean  SD time
of induction was 12.8  4.21 min. Once anesthetized, the cone was removed and
fur seals were kept cool by frequent wetting of their flippers. Breathing rate was monitored throughout the capture and anesthesia procedure by a qualified veterinarian.
Radio transmitters (120 g, Advanced Telemetry Systems, Isanti, MN) were
deployed on six adult females and nine juveniles at Seal Island and five adult
females and six juveniles at Egg Island. Radio transmitters ranged in frequency
from 165 to 166 MHz at Seal Island, and between 148 and 149 MHz at Egg
Island. The transmitters were attached mid-dorsum, using quick setting epoxy glue
(RV Components, Johannesburg, South Africa) as described in Gamel et al. (2005).
While waiting for the glue to set, seal length (in a straight line from the tip of the
nose to the end of the tail), auxiliary girth (the width of the body immediately posterior to the pectoral flippers), and sex of juveniles (by inspecting the ano-genital
area) were recorded for each animal. Approximately five min before the seal was
due to be released the volume of Isofluorine gas was reduced and oxygen flow was
increased to minimize ataxia and thus improve recovery time. Mean time of capture
to release was 34.87  14.46 min. Adult fur seals took 7.91  5.56 min to
recover from anesthesia.
Radio-instrumented animals were monitored with a receiver (Advanced Telemetry
Systems, Isanti, MN) connected to an omni-directional antenna positioned at the
highest available point as close to the middle of each island as possible. Each frequency was scanned for 60 s every 15 min and presence/absence was recorded on a
Data Collection Computer (Advanced Telemetry Systems, Isanti, MN) connected to
the receiver. The data loggers and receivers were housed in a waterproof plastic container that was mounted at a height of approximately one meter from the ground on
a metal pole. The data-logging receivers were powered by a 100 Amp/h calcium battery that was kept in a positive state of charge by a solar-panel. Data were downloaded at frequent intervals, using a ribbon cable connected to a laptop computer and
ATSWindRec_S software (provided by Advanced Telemetry Systems).
The receiver could reliably detect transmitters at any place on and within ca.
1,000 m of the island. The presence of big rocks at both islands, or when the fur seals
were below surface, did result in the occasional “blind spot” where the transmitter
could not be detected by the receiver despite the seal being on or near the island. We
attempted to reduce the probability of these false negatives by pooling four consecutive 15 min readings to provide a single result per hour. Thus all four readings would
have to be absent for a transmitter to be recorded as being absent from the Island.
We thus assumed that if a transmitter was not logged by the receiver that the individual was neither on nor in the vicinity (≤1,000 m) of the island.
To control for receiver malfunction, we attached a reference transmitter to a rock
approximately 100 m away from the receiver, at both sites. If the reference transmitter was not recorded on the data logger, we removed the corresponding block of data
from the analysis. This occurred only once, at the end of summer at Egg Island. As a
result, we only used summer data prior to this (i.e., October and November, for both
islands) in our analysis.
Data Analysis
Temporal patterns of presence/absence of both adult and juvenile fur seals were
compared in three different ways: (1) Between different time periods at each island
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(using a Friedman’s ANOVA for paired samples). (2) Between early winter and summer for adults at each island, and early winter and late winter for adults and juveniles
(using a Wilcoxon signed-rank test). (3) Between islands within each season (using a
two-way factorial ANOVA).
Individuals were considered to have left the island if the receiver did not detect
their transmitter for two hours after the first hour that the transmitter was not
detected. The actual time of departure was then taken as the first hour that the animal was not detected at the island. The hour of returning was considered as the
first hour that an individual was recorded back at the island following at least two
absent hours. Arrival and departure times were grouped into eight time periods of
equal duration.
To avoid pseudo replication, the proportion of arrival and departure times in each
of the time periods were calculated for each tagged individual, and statistical analysis
carried out on the mean of these data. This resulted in relatively small sample sizes
(n = 5 for Egg Island and Seal Island adults, n = 10 for Seal Island juveniles, and
n = 6 for Egg Island juveniles).

Results
Morphology and General Patterns of Seal Presence at the Two Islands
There were no significant differences in morphological measurements (body
length, girth, condition; Table 1) for either adults or juveniles between Seal Island
and Egg Island. Similarly, there were no significant differences between the mean
duration of time spent at Seal Island (97.5  63.9 h) and Egg Island
(101.5  44.4 h). Fur seals at Seal Island did, however, spend significantly more
time away from the island (Mann-Whitney U, Z = 2.2, P = 0.03, 249.5  88.2 h)
during any given trip compared to fur seals at Egg Island (65.1  35.5).
Fur seals spent a significantly greater proportion of their mean total time away
from Seal Island (497.7  12.1 h, 69.1%) compared to fur seals at Egg Island
(334.5  14.7 h, 46.50%), and significantly less time at the colony (30.8% of
total time at Seal Island = 222.2  11.8 h; 53.5% of total time = 385.5 
10.7 h).
There was a significant interaction between site and season in all of the time-periods between 0400 and 0659 for both leaving and returning fur seals at Seal Island;
and for leaving fur seals between 1700 and 1959 (P = 0.007, 0.047, 0.002; see
Table 2), with no significant confounding effects of site and season for the time periods between 0700 and 1059.
Table 1. Means  SD in morphological measurements (length and girth and body condition index) of sampled adults and juveniles at Seal Island and Egg Island.
Variable
Body length
Girth
Body condition
index

Adults
Seal Island

Adults
Egg Island

Juveniles
Seal Island

Juveniles
Egg Island

136  14.1 cm
102  3.5 cm
0.7  0.08

139.2  6.6 cm
102.9  3.5 cm
0.7  0.1 cm

91.4  3.8 cm
66.5  1.8 cm
0.7  0.03 cm

93.0  6.3 cm
70.7  5.8 cm
0.7  0.1 cm
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Table 2. Two-way factorial ANOVA indicating time periods for which there was a significant interaction between site and season in predicting variation of seal movement to or from
Seal Island. There were no significant effects of either site or season within each of indicated
time bins.
Time
Leaving

0700–0959

Returning

0700–0959

Significant effects

F-value

P-value

Intercept
Site*season
Intercept
Site*season
Intercept
Site*season

21.316
8.895
12.056
4.755
14.653
4.755

0
0.007
0.004
0.047
0.002
0.04

1000–1259

Temporal Adjustments by Adult Fur Seals
In winter, adult fur seals left Seal Island significantly more often (Friedman’s
ANOVA, F = 17.43, df = 7, n = 5) between 0400 and 0659 (before sunrise) than
during any time category between 0700 and 1959; and also between 2000 and 2259
and between 0700 and 1059 (Wilcoxon signed-ranked tests, P = 0.015; Table 3,
Fig. 2). Fur seals were observed returning to the island significantly more often
between 2000 and 0359 (Friedman’s ANOVA, F = 15.37, df = 7, n = 5) than
between 0700 and 1059 (high risk), and 1400 and 1659 (Wilcoxon signed-ranked
tests, P = 0.032, 0.049).
At Seal Island, adult fur seals did not leave or return significantly more or less during any time category during summer. Similarly, at Egg Island fur seals did
not leave or return significantly more during any particular time period compared to
any other.

Table 3. Friedman’s ANOVA of the mean proportion of fur seals arriving or departing
either Seal or Egg Island at different time periods in both winter and summer. Time periods
for which the proportion of fur seals either leaving or returning was significantly different from
other time periods are indicated in the last two columns higher and lower activity, respectively.
Direction
Leaving

Site

Season

Friedman’s
ANOVA

n

P

Higher
activity

Seal Island

Winter

17.429

5

0.015

0400–0659

Summer
Winter
Summer
Winter

10.872
5.325
8.986
15.37

5
5
5
5

0.12
0.62
0.253
0.032

Summer
Winter
Summer

3.117
7.57
6.977

5
5
5

0.087
0.37
0.431

Lower
activity
All other
periods

0700–2159
Egg Island
Returning

Seal Island
Egg Island

All other
periods
1900–0359

All other
periods
0700–1259
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Figure 2. Mean proportion of radio-tagged fur seals that left or arrived at either Seal (a) and
(b) or Egg Island (c) and (d) within 3 h intervals in both winter (a) and (c) and summer (b) and
(d). The shaded time periods represents the period of highest predation at Seal Island in winter.

In addition to comparing the frequency of seals returning to the island at different
times of day, we also compared the frequencies of seal movement in the same temporal category, in different seasons. All statistics reported are Wilcoxon signed-rank
tests. Fur seals were less likely to leave or return to Seal Island between 0700 and
0959, and 1000 and 1259 during winter than during summer (Z = 0.043,
P = 0.047) for all four tests, Fig. 2). Fur seals at Seal Island were significantly more
likely to leave and return between 0400 and 0659 in winter than in summer
(Z = 0.043, P = 0.047 in both cases), and left significantly more between 1700 and
1959 (Z = 2.022, P = 0.047) in winter than they did in summer. Again, fur seals
showed no significant temporal discretion at Egg Island during winter or summer.
There was no difference in departure or arrival times for adult fur seals during different time periods in either summer or winter at Egg Island (Fig. 2, Table 4). Adult
fur seals left Seal Island significantly less often (Wilcoxon signed-rank tests,
Z = 1.991, 2.022, P = 0.015) between all-time categories falling between 0700 and
1859 than between 0400 and 0659 during early winter (Table 4, Fig. 3), and
between 0700 and 1259 than between 1900 and 2159 during late winter (Wilcoxon
signed-rank tests, Z = 2.020, P = 0.026). Fur seals returned to the island significantly more often (Wilcoxon signed-rank tests, Z = 1.991, P = 0.032) between
2200 and 0359 than during the time periods between 0700 and 0959, and also
between 1600 and 1859 during both early and late winter.
Adult fur seals at Egg Island left and returned more between 1000 to 1259 in late
winter compared to early winter (Wilcox signed-rank t-tests, Z = 2.023,
P = 0.043), but otherwise showed no other seasonal variation in leaving and returning times.
The Response of Juvenile Fur Seals to Temporal Variation in Predation Risk
Juvenile fur seals showed no temporal discretion when either leaving or returning
to Seal Island in early winter (Table 4, Fig. 3), but juveniles in late winter were

Returning

Adults

Leaving

Juveniles

Adults

Juvenile

Age class

Direction

Egg Island

Seal Island

Egg Island

Seal Island

Egg Island

Seal Island

Egg Island

Seal Island

Site
17.429
15.941
5.325
5.187
9.974
20.51
15.074
19.246
15.37
9.973
7.57
4.513
9.974
15.37
20.725
15.074

Late winter
Early winter
Late winter
Early winter
Late winter
Early winter
Late winter
Early winter
Late winter
Early winter
Late winter
Early winter
Late winter
Early winter
Late winter

F

Early winter

Season

5
5
5
9
9
6
6
5
5
5
5
9
9
6
6

5

n

0.026
0.62
0.637
0.19
0.005
0.035
0.008
0.032
0.19
0.37
0.719
0.19
0.032
0.004
0.035

0.015

P

2200–0359
0100–0659
2200–0659

1900–2159
1900–0659
1900–0659
2200–0359

0400–0659
1900–0059
All other

Higher activity

0700–1259
1000–2159
1000–2159

0700–1859
0700–0959
1300–1859
0700–1259

0700–1859
0700–1259
0700–0959

Lower activity

1.99
1.99
0.022

2.022
2.24
1.991
2.01
1.991

2.022
1.991
2.02

Z

0.043
0.047
0.005

0.043
0.025
0.047
0.046
0.047

0.042
0.046
0.043

P

Table 4. Friedman’s ANOVA of the mean proportion of radio-tagged adult and juvenile fur seals that arrived or left either Seal Island or Egg Island in
different time periods during early and late winter. Time periods for which the proportion of seal movement was significantly different from other time
periods are shown.

8
MARINE MAMMAL SCIENCE, VOL. **, NO. **, 2015

DE VOS ET AL.: FUR SEAL TEMPORAL ANTIPREDATION ADJUSTMENTS

9

Figure 3. Mean proportion of radio-tagged adult (c) and (d) and juvenile (a) and (b) fur seals
that left or arrived at either Seal (a) and (c) or Egg Island (b) and (d), within 3 h intervals in
both winter (a) and (c) and summer (b) and (d). The shaded time periods represents the period
of highest predation at Seal Island in winter.

significantly (Wilcoxon signed-rank tests, Z = 1.990, 2.010, P = 0.005, 0.032) less
likely to leave and return during all periods between 0700 and 1559 than between
periods 1900 and 2159 (leaving) and 2200 and 0359 (returning). At Egg Island, in
both early and late winter leaving and returning juvenile fur seals left and returned
significantly more often between 0100 and 0659 than between periods between 1000
and 1859 (Wilcoxon signed-rank tests, Z = 1.990, 2.023, P = 0.032).
The times during which juveniles left from and returned to Seal Island varied significantly across seasons at Seal Island, but not at Egg Island. Juveniles at Seal Island
left the island more frequently between 0700 and 1259 in late winter compared to
early winter (Wilcoxon signed-rank tests, Z = 2.201, P = 0.048), and more frequently between 0400 and 0659 and 1900 and 2159 in late winter compared to early
winter (Wilcoxon signed-rank, Z = 2.023, P = 0.043).
Returning juveniles left the island significantly (Wilcoxon signed-rank test,
Z = 1.992, P = 0.046, n = 9) more often between 0100 and 0359 during late winter than during early winter, and significantly less often (Z = 2.023, P = 0.043,
n = 9) between 0700 and 1859. Juveniles at Egg Island also returned less often
between 1600 and 1859 in late winter compared to early winter (Wilcoxon signedrank test, Z = 2.201, P = 0.028), and left more often between 0100 and 0359
(Z = 2.201, P = 0.028). Fur seals showed no significant seasonal variation in times
that they left and returned to Egg Island.
A two-way factorial ANOVA on leaving and returning times showed significant
effects of the interaction between site and season in all of the periods between
0400 and 1259 for departing seals and in all periods between 0100 and 1259 for
returning fur seals. In leaving fur seals, the period between 0700 and 0959 was
confounded by a significant effect of site (F = 5.587, P = 0.023), and in returning
fur seals the period between 1000 and 1259 was confounded by age (F = 2.948,
P = 0.033).

10

MARINE MAMMAL SCIENCE, VOL. **, NO. **, 2015

Discussion
In this study we provide evidence for temporal risk adjustment in both experienced adult and na€ıve juvenile fur seals. Adults reduced their frequency of arrival
and departure at Seal Island during the high predation risk time of day (sunrise to
0959) in winter when sharks were abundant, but not in summer when shark presence was low. This temporal adjustment between seasons was not evident at Egg
Island (the low risk site), with adult fur seals showing no avoidance of this time
period in either season. A temporal shift in arrival and departure times during the
high risk period was also evident in the predator-na€ıve juveniles at Seal Island, but
not at the low risk Egg Island. At the start of winter, when the sharks first arrive
at the island (Kock et al. 2013) juveniles exhibited no avoidance of the high risk
period. However by the end of winter, the same juveniles exhibited a similar pattern to the adults and avoided movement to and from the island during the high
risk period after sunrise.
Prey animals usually learn about predators either by encountering them directly or
by being in close proximity to a conspecific that encounters a predator (Cook and
Mineka 1990, Diaz-Uriarte 1999, Griffin and Evans 2003). Alternatively prey can
learn to avoid predators by acquiring information on them through social learning
(Johnsson and Sundstr€om 2007, Brydges et al. 2008, Mazur and Seher 2008), which
entails na€ıve individuals acquiring information from predator experienced individuals
by observing their reaction to a nonlethal cue (Gil-da-Costa 2003, Aragon et al.
2006, Mirza et al. 2006, Chapman et al. 2008). There are strong cues associated with
predation at Seal Island (viz. breaching on surface swimming fur seals) and thus
opportunity for na€ıve fur seals to acquire information about predation risk and make
behavioral adjustments to reduce their risk. Social learning features strongly in systems with pronounced parental care (Tulley and Huntingford 1987), and some investigators suggest that adult/juvenile interactions may constitute a proximate
mechanism by which juveniles can develop antipredator defenses prior to direct experience with a predator (Goodey and Liley 1986, Tulley and Huntingford 1987).
Indeed, in other work conducted at Seal Island, De Vos (2010) noted that returning
groups often comprise one adult and three juvenile seals.
Shark presence at Seal Island peaks in early morning after sunrise (Kock 2014).
The increased departure and arrival of fur seals at night at Seal Island may be interpreted as an antipredatory tactic. However, this pattern of increased movement to
and from the island at night is also evident at Egg Island and Seal Island during summer when shark presence is rare (Kock et al. 2013). Thus the temporal peak in nocturnal activity to and from both islands is not well explained by decreased predation
risk, but may rather relate to temporal patterns of food availability. Cape fur seals
feed predominantly on prey items (e.g., Merluccius and Cephalopod sp. that perform diel
migrations in the water column (De Bruyn et al. 2003, 2005), and are more abundant
close to the surface of the ocean at night than during the day. Thus, there are substantial energetic advantages to foraging at night when preferred prey items such as hake
and squid (Arnould and Hindell 1999, Gamel et al. 2005) are closer to the ocean
surface.
Fur seals at Seal Island spent more time at sea between visits to the rookery suggesting that they experience greater foraging costs than their counterparts at Egg
Island. However, both adult and juvenile fur seals had similar body condition indices
at both islands and thus the observed behavioral patterns are unlikely to be a result of
marked differences in nutrient availability.
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The potentially overriding and hence confounding effect of foraging on the temporal patterns of movement to and from the island highlights the importance of being
able to compare movement with high and low predation risk at the same island.
Adult fur seals avoided leaving or returning to Seal Island during the brief, high predation risk period after sunrise, corroborating the findings of an earlier telemetry
study on adult fur seals at the island (Laroche et al. 2008). However, a negative correlation between the level of seal activity within the “danger zone” and predation risk
does not sufficiently demonstrate that individuals adjust their movement patterns in
response to differing levels of risk.
In summary we provide evidence in support of the prediction that animals adjust
their activity in relation to brief, high predation risk periods within a natural system.
The robustness of this result is strengthened by the absence of any temporal adjustments in activity patterns to and from Egg Island, an island with low predation risk.
Secondly, these results were obtained from a predator-prey system in which there is
ample opportunity for individuals (both experienced and na€ıve in this system) to
learn about differential predation risk and therefore adjust their temporal activity patterns with time. The mechanism(s) and cue(s) for learning about differential temporal
risk remain to be elucidated within the current system.
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