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1. Abstract
Seal Rescue Ireland rescues and rehabilitates orphaned seal pups to be released
back into the wild. Nutrition and feeding is an essential element of rehabilitation,
however, this can be a stressful process for seal pups. Four main feeding stages
exist in the rehabilitation process, these are; tube, force, hand and free feeding. This
study utilised heart rates (HR) as a measurable physiological response to stress in
order to compare these feed methods. The effect of visitor presence was also
examined. A Polar H7 Bluetooth 4.0 Heart Rate Monitor was adapted and used to
record HR, a resting HR was recorded prior to feeding, HRs were recorded during
feeding and finally during the recovery period post feeding. A retrospective analysis
was also carried out to evaluate past feeding trends for both rehabilitated grey and
common seals.
Feed methods were found to have an effect on both HR and recovery times,
whereas opening hours solely effected recovery times and did not have an impact on
the increase of HR. Force feeding was shown to be the most stressful feeding
method followed by tube feeding. Hand and free feeding did not have a significant
effect on HRs. Seals did not display evidence of becoming habituated to handling
and restraint required feeding. Finally, it was concluded that common seals require
more effort in rehabilitation in comparison to grey seals, taking longer to learn to eat
for themselves (mean 32 days longer from admittance to first free feed)
and requiring more time from admittance to release (a mean of 22 days longer).
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2. Introduction
2.1 Seals in Ireland
Common seals or harbour seals (Phoca vitulina) are found along ice-free coastlines
from polar to temperate regions of the northern hemisphere (Andersen and Olsen,
2010; Wilson and Mittermeier, 2015). Common seals are one of the most widely
spread pinnipeds globally and are one of two species of seals found in Ireland
alongside the grey seal (Halichoerus grypus) (Figure 1) (NPWS, 2008: Wilson and
Jones 2018). Frequently found in terrestrial colonies, referred to as “haul-outs” along
the Irish coastline (Lyons, 2004). A minimum population was estimated at 2,905
common seals in the Republic of Ireland (Cronin et al., 2007), with a further 950
individuals in Northern Ireland from 2008-2016 (Duck et al., 2017). Seals are fully
protected under Irish legislation under the Wildlife Act 1976, section 23(8) (amended
2000). Common seals are the most widely distributed pinnipeds in coastal areas in
the northern hemisphere (Burns, 2009) (Figure 1), however, there are more grey
seals in Irish waters than common seals.

Figure 1. Global distribution of common seals (Phoca vitulina) (Jefferson et al., 2011) (Left,
upper) and distribution of common seals in the Irish Exclusive Economic Zone where green
indicates generalised distribution range and red points known breeding grounds (NPWS, 2008)
(Right, lower). Images adapted by author.
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The taxonomy of common seals is debated, various sources generally detail
between three and five subspecies (Table 1) (Berta and Churchill, 2012; Jefferson et
al., 2011; Burns, 2009). Adult males can grow to 1.9 meters in length and weigh up
to 150 kilograms (kg), females are 1.6 meters in length and weigh up to 110kg, at
birth pups weigh approximately 8-12kg and measure approximately 82-98
centimetres in length (Burns, 2009). Common seals give birth to a single precocial
pup (with some anecdotal records of twin births) (Pers.comm, Sam Brittain). The
pupping season begins in March and ends in early September, common seal pups
(CSP) suckle for an average of 26 days (Boness et al., 2006; Drescher, 1979).
Neonates generally shed their silvery grey lanugo in utero with the exception of
premature births, and can enter water and swim for the first time within hours of birth
(Bowen and Lidgard, 2012). Males reach sexual maturity at 2-7 years of age and
females at 3-6 years of age (Dierauf and Gulland, 2001). Inhabiting coastal waters,
common seals hunt for fish in bays, estuaries rivers and intertidal zones generally
diving within the primary 100 meters of water, although dives of up to 480m have
been recorded in Alaska (Bjørge et al., 2002; Frost et al., 1994). As opportunistic
feeders, diets have been found to include Cod, Herring, Saithe, Whiting, Sand Eels
and Haddock among other species (Brown and Pierce, 1998; Hawlker, 2006; Tollit
and Thompson, 1996).
Table 1. Subspecies of Common Seal and geographical distribution according to Jefferson et
al., 2011.
Subspecies

Location

Phoca vitulina vitulina

Eastern Atlantic

Phoca vitulina concolor

Western Atlantic

Phoca vitulina richardsi

Eastern Pacific

Phoca vitulina stejnegeri

Western Pacific
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2.2 Rehabilitation
Human and seal interaction dates back to prehistoric times; excavations in the
Netherlands depict the hunting of grey seals by early settlers (Van Bree, 1961).
Attitudes have since changed, rehabilitation of marine mammals began in the early
1950s, with the National Seal Sanctuary established in Cornwall, England in 1957
(Measures, 2004). Wildlife rehabilitation is defined as “the managed process
whereby a dis-placed, sick, injured or orphaned wild animal regains the health and
skills it requires to function normally and live self-sufficiently” (IWRC, 2005) and is a
growing practice in animal husbandry globally (Osinga and Hart, 2010). In The
Netherlands in the 1970s, seal rehabilitation proved essential in combating declining
numbers of seals in the Dutch Wadden Sea (Osinga and Hart, 2010). In recent years
a rapid decline in common seal populations has been noted across the British Isles,
this has been attributed to various reasons, including a decline in food resources due
to overfishing, shooting of seals and larger grey seals outcompeting common seals
(Hall and Kershaw, 2012). Figure 2 depicts the distribution of grey and common
seals in Ireland where it is evident that grey seals maintain a greater distribution
(Cronin et al., 2007).

Figure 2. Distribution of grey seals (green) and common seals
(red) in the Republic of Ireland, recorded in 2003 (Cronin et al.,
2007).
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Seal Rescue Ireland (SRI) is the only seal rehabilitation centre in the Republic of
Ireland, therefore, they admit and rehabilitate orphaned and stranded seals found
throughout the country (Pers.comm, Sam Brittain). Often admitted in a poor
condition, malnourished and/or injured, a lengthy care process begins to rehabilitate
them so they can be released back to the wild (Pers.obs.). Admitted to the intensive
care unit CSP are assessed and stabilised. Here they are tube fed via an orogastric
feeding tube an electrolyte solution and weaned onto a blend of whole herring,
electrolyte solution and salmon oil, referred to at SRI as “fish soup” which involves a
handler restraining the pup (Figure 3). Once stable they are moved to kennels where
they continue to put on weight, and fish are gradually introduced to the seals through
“fish school” whereby a frozen fish, generally herring at SRI, is tied to a string and
moved around a bath of water to encourage the seals’ natural instinct to eat and
hunt. In kennels, depending on their condition, the CSP are fed through various
methods (Table 2). CSP rapidly build a subcutaneous fat layer (recorded at 0.60.7kg/day), thickness of which has a proven correlation with post release survival
rates (Muelbert et al., 2003). Once the seals are feeding independently on whole fish
(free feeding) and they have grown to an appropriate weight to survive without the
need for a heat source (usually 12-15kg) they are moved to pools where they build
muscle, continue to put on weight and compete for food (Pers.comm, Sam Brittain).
The seals move through the pool system, starting in a shallow nursey pool and
ending in a deep pre-release pool which is fenced off from humans. Finally, once
competing effectively, exhibiting a healthy distaste for humans and have grown to a
minimum of 30kg, the pups are released as close as possible to where they were
found.

Figure 3. Restraint position for tube and force feeding common seal pups (P.
Vitulina). Left sourced from Larmour, 1989. Right: photo taken by author at Seal
Rescue Ireland.
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Table 2. Feed methods and descriptions (including photographs) of feed methods used in
seal rehabilitation at Seal Rescue Ireland.
Feed Method Description
Seal is restrained and a tube
Gastric
is passed orally through the
Feeding
Tube (Tube
pharynx and oesophagus to
Feeding)
the stomach and attached to

Picture

a syringe used to deliver
liquid food. (Figure 4.1)
Figure 4.1 Tube feeding
Involving the use of restraint
Force
Feeding

and forcefully inserting whole
fish into the mouth and
gradually advancing the fish
caudally head first and
holding in place until the point
that the fish is swallowed by
the seal (Figure 4.2)

Figure 4.2 Force feeding

No restraint required, whole
Hand
Feeding

fish are offered head first to
the seal, generally in water,
either by hand or with tongs
and held until the point the
seal can swallow the fish
whole (Figure 4.3).
Figure 4.3 Hand feeding
Whole frozen herring

Free Feeding

provided in water to a seal
capable of orientating the fish
and eating without aid of a
worker (Figure 4.4)

Figure 4.4 Free feeding
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2.3 Heart Rates and Stress
Stress, defined as a stimuli or situation which upsets the balance between a living
organism and its surrounding environment (Ranabir and Reetu, 2011), presents as a
complex combination of behavioural and physiological responses (Barton, 2002).
Alteration in heart rate (HR) provides a suitable parameter for evaluating stressors to
animals (Hopster and Blokhuis, 1994). Noxious stimuli is cause for various
physiological responses such as the activation of the hypothalamic-pituitary-adrenal
axis resulting in the production of cortisol by the adrenal glands (Figure 5) (Walker et
al., 2011). Evoking the “fight or flight” response through this release of cortisol
causes an increase in HR providing a measurable parameter to monitor stress levels
(Von Borell et al., 2007; Thayer et al., 2012). Effects of chronic stress contribute to
an effect termed as allostatic load, which can lead to an increased susceptibility to
disease and ill health through the suppression of pathways of immune responses
(Dhabhar, 2009). In the rehabilitation of wild animals it is impossible to remove all
stress as a result of unnatural and unfamiliar surroundings alongside being within
close proximity to humans (Grogan and Kelly, 2013).

Figure 5. The feedback loop of the hypothalamic-pituitary-adrenal axis in animals as a result of
the presence of a stressor detailing the impact of physiological processes. Taken from Sheriff et
al., 2011, adapted by author (red).
11
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There is little literature which investigates HR in common seals. A study carried out
at Seal Centre in Germany to research the development of the autonomic nervous
system in the first months of life in common seal pups examined the progression of
HR over time (Fonfara et al., 2015). Comparing HR taken on admittance to the
centre, day 14 and prior to release, a mean HR of 148 beats per minute was
recorded and generally showed a slight reduction of HR with age (Fonfara et al.,
2015). Alongside this, a bradycardic dive response develops as pups grow and
mature (Greaves et al., 2004). Studies have also been carried out under anaesthesia
which can prove complex due to the challenges presented by their adaptions for
marine life, for example thermoregulatory and cardiovascular adaptations
(Huuskonen et al., 2011). Over three orthopaedic surgeries in common seals carried
out at the veterinary hospital at University College Dublin anaesthetised HR between
85-130 bpm were recorded (Huuskonen et al., 2011).
2.4 Aims and Objectives:
Firstly, this study initially intends to establish a base line resting HR for CSP at SRI.
Secondly, this study has been designed to develop a deeper understanding of the
rehabilitation process of CSP and to evaluate factors that may have an effect on
stress levels. This study also aims to examine for habituation of seal pups as a result
of regular handling. Finally, trends in past seasons in relation to time scales of
various feed methods required to rehabilitate both grey and common seals will be
examined.
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3. Methodology
This research was approved by The University of York’s Animal Welfare Ethical
Review Board prior to any data collection. Additional handling was kept to a
minimum and the researcher was fully trained in handling of seals prior to data
collection. Data collection was aligned with the daily animal care routine at SRI.
Nine CSP provided 116 samples over a six week period. All seals were orphaned
CSP under a rehabilitation program at SRI, Courtown, County Wexford, Ireland.
Inclusion criteria was as follows: orphaned, CSP under eight weeks old. Seals are
admitted to the intensive care unit (ICU), and once stable they are relocated from the
ICU to kennels and from kennels to the pools prior to release. Seals were excluded
from the study if they were deemed to be of unfit health, and only seals in the kennel
stage of rehabilitation were used for this study.
A Polar H7 Bluetooth 4.0 Heart Rate Monitor (HRM) was used. The design features
an elastic chest strap in which electrodes are integrated which monitor the HR of the
wearer, an attachable Bluetooth transmitter is also included in the design. The
original clasp was a small hook clasp with questionable integrity, therefore the
design was adapted for this study, the clasp was replaced with a sturdy clip buckle
and fashioned into a harness design using black elastic (Figure 6). The chest strap
was attached from the thorax caudal to the pectoral flipper and a neck strap which
was positioned similarly to a collar cranial to the pectoral flipper. These were
connected by a sternum and vertebral strap. As the seals grew in size the collar,
vertebral and sternal straps were removed as they were no longer required to keep
the HRM in place, a change approved by the ethics committee. The HRM connects
via Bluetooth to a smart phone application which transmits a live HR.
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Figure 6. Initial heart rate monitor harness design (left) and the adapted single heart rate
monitor chest strap (right).
Seals were monitored across four feeding times at SRI, 08:00, 12:00, 16:00 and
20:00, and were rotated so that no seal was monitored more than once a day. The
HRM was attached to the CSP, the harness was laid open on the ground and the
seal lifted and placed on-top and the buckle fastened, an initial HR was recorded
immediately. A minimum five-minute acclimatisation period was allowed where the
pup could do as it pleased and was left alone by animal care staff prior to feeding.
After this, a resting HR was recorded four times a minute (every 15 seconds) for a
five-minute period. Five-minute monitoring period was used as recommended for
standardisation across HR studies (Von Borell et al., 2007). HRs were recorded
during the feeding process every 15 seconds for the entirety of the process (lasting
approximately 2-5 minutes). Methods of feeding were also recorded, tube, force,
hand and free feeding as described in the introduction of this study. Finally, HRs
were recorded post-feed until four readings in the range recorded at rest were
recorded consecutively, displaying one full minute of resting HR deeming the subject
“recovered”. Additionally observer notes were recorded to note points of interest
which occurred during the recording process. The HRM was then removed, cleaned
and disinfected using Safe4 (Animal Contact Safe Disinfectant). Following this, the
harness was soaked in a bleach bath for ten minutes and rinsed. It was allowed to
dry before use on another animal.
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An additional resting HR was recorded over a 30 minute period for each CSP in the
same manner as above. This was to gain a reference point of the resting HR of CSP.
An initial pilot study revealed that there were occasional periods of disconnection
between the monitor and the recording device, therefore HRs were recorded by hand
every 15 seconds to avoid these brief periods of disconnection affecting mean HR
(Figure 7). Data was recorded on a data sheet (Appendix 8.1) and transferred to an
excel spread sheet, mean rest and handling HRs were calculated and transferred
into a metadata set, including the seal name, feeding time, sex, feeding method,
initial HR and recovery time. Statistical analysis was executed in RStudio (Appendix
8.2). Data was normally distributed, therefore parametric testing was utilised for this
analysis.

Figure 7. Screenshot of typical trace of heart rate (red line) on Polar Beat mobile
application, region circled evidence of disconnection, therefore heart rates were
recorded by hand to prevent these inaccurate readings affecting results.
Alongside this, an additional retrospective analysis was conducted to assess trends
in feeding methods, where a data-set was created for the previous two seasons at
SRI. Filed kennel sheets were used to establish a first and end date for each feed
method described in the introduction to this study (Table 2).
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4. Results
4.1 Overview
116 samples were collected from nine CSP, all of whom were admitted to SRI <4
weeks of age from June-July 2019. Pups used in this study depicted below (Figure
8) alongside the number of samples each seal provided and mean resting HR. All
samples were obtained during the kennel stage of rehabilitation. A mean resting HR
of 145 beats per minute (bpm) (± 5.7 bpm) was recorded from prolonged 30 minute
rest HR investigations (Figure 8).

Figure 8. Study group of common seal pups including names, number of times each
seal was monitored for this study (brackets), and average resting heart rate recorded
over a 30 minute period [square brackets], recorded as beats per minute (bpm).
A significant increase in HR was observed through the comparison of resting HR and
HR during the feeding process (paired t-test, t = -18.364, df = 115, p-value < 2.2e16). Using the entire set of measurements from all times and feed types a mean
resting HR of 142 bpm was recorded alongside a mean handing HR of 158 bpm.
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4.2 Feed Methods
Feed methods were then examined individually (Table 3, Figure 9), it is evident that
force feeding presents as the most stressful feed method resulting in the highest HR
variability, with a mean increase of 22 bpm between resting and handled HRs
(paired t-test, t = -16.103, df = 27, p-value = 2.282e-15). The longest recovery times
were also associated with force feeding, a mean of 318 seconds were recorded from
the pups HR to return to a resting HR. Tube feeding proved to be the second most
stressful, with a mean increase in HR of 17 bpm and an average recovery time of
238 seconds. Hand feeding presented with a slight increase, in HR of 6 bpm (paired
t-test t = -2.2091, df = 21, p-value = 0.3841). Free feeding, in which the pup is
capable of orientating and eating fish without human aid caused no notable increase
in HR. Therefore tube and force feeding, both of which require restraint proved to
cause stress to the pups. Feeding methods which do not require restraint did not
cause a significant change in HR. Recovery times for non-handling methods were
also comparatively shorter than feed methods requiring restraint.
Table 3. Displays mean increase in heart rate of seal pups alongside mean recovery times
ordered by feed method.
Feed Method
Mean increase of heart rate
Mean recovery
Tube Fed

(beats per minute (bpm))

Time (seconds)

17 bpm

238 seconds

22 bpm

318 seconds

6 bpm

83 seconds

1 bpm

0 seconds

(Restraint required)
Force Fed
(Restraint required)
Hand Fed
(No restraint required)
Free Fed
(No restraint required)

17

Figure 9. Bar chats depicting the increase of mean heart rate (beats per minute (bpm)) of all samples recorded in this study, in all cases blue indicates
mean rest and green represents the increase in heart rate. Upper left tube feeding (n=63) significant increases are noted, upper right force feeding (n=28)
displayed the largest increase in heart rate, lower left handfeeding (n=22) displayed a minimal increase in heartrate and lower right free feeding (n=1)
mean increase of 1 bmp.
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4.3 Feed Times
Seal pups were fed at 08.00, 12.00, 16.00 and 20.00, opening hours of the centre
were 10.00-18.00, therefore half of the daily feeds occur during the times that the
centre is open to the public. There was no observed difference in the increase of
HRs as a result of visitor presence (t-test t = -0.65698, df = 113.7, p-value = 0.5125).
However, recovery times were significantly lengthened by the presence of the public
and a greater number of workers in the centre (t-test, t = 6.2195, df = 98.707, p-value
= 1.205e-08).
Feed times were further analysed by grouping the data by requirement for restraint.
Tube and force feeding requiring restraint, whereas hand and free feeding are
restraint free methods of feeding. This produced four groups which were created by
grouping feeds by these requirements of restraint and the effects of the times of
feeds coinciding with the centre’s opening hours (Table 4). No significant change in
HR was observed when grouped by opening hours. However, an increase of 115
seconds of recovery time was observed for methods requiring restraint and an
increase of 23 seconds for restraint free feed methods as a result of the opening
hours of the centre.
Table 4. Feed methods grouped into those requiring restraint and those which do not require
restraint alongside feed times, categorised by the opening hours of the centre to the public.
Mean increase in heart rates and recovery times displayed by these categories.
Restraint required Centre open to Mean increase in
Mean
during feeding?

public?

heart rate

recovery time

(beats per minute

(seconds)

(bpm))
Yes

Yes

18.92 bpm

314 seconds

Yes

No

18.58 bpm

199 seconds

No

Yes

4.6 bpm

120 seconds

No

No

5.21 bpm

97 seconds
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These findings were confirmed through the use of an analysis of variance (ANOVA),
this was utilised to examine the effect of feed methods and feed times on firstly, the
change observed in HR and secondly the recovery time noted. It was confirmed that
feed time did not have significant effect on HR (ANOVA, F= 0.130, df=1, p = 0.719)
but did effect recovery time (ANOVA, F= 0.559, df=1, p = 0.0456). Feed methods
proved to have a significant effect on HR (ANOVA, F= 34.537, df=3, p = 9.92e-16)
and recovery times (ANOVA, F= 24.544, df=3, p = 3.47e-12).
Additionally, observer notes recorded were analysed (Figure 10). 29 incidents (from
63 samples) were observed during opening hours of increases in HR as a result of
large groups of people and sudden noises from the general public (e.g. children
crying). The loud sudden sounds as a result of the dropping of drain cover lids which
are used frequently at SRI were also observed to cause a spike in HR (n=31).
Therefore, although the opening hours did not have a direct effect on the increase in
HR, the recovery times were notably longer in the presence of the public and a
higher number of animal care workers accompanied by short spikes in HR and may
be attributed to these recorded incidents.

Figure 10. Observed disturbances which result in spikes in
heart rate during opening hours at rehabilitation centre
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4.4 Habituation
Further analysis was carried out to test for habituation of CSP as a result of regular
handling. Tube feeding data was used as the most samples were collected (n=63)
over the longest period (27 days). There was no significant relationship portrayed
between increase in HR and days in care (Pearson’s correlation r = 0.15944, n =63,
p = 0.212), a lack of relationship was also proven between recovery time and days in
care (Pearson’s correlation r = -0.007559681, n =63, p = 0.9531) (Figure 11).
Therefore it can be concluded that CSP are not becoming habituated to regular
handing at the rehabilitation facility.

30

20

10

200

300

400

Figure 11. Scatter plot matrix which displays no correlation between days in care and mean
difference in resting heart rate and handled heart rate (left) and recovery times (right) during tube
feeding therefore disproving the hypothesis that seal pups become habituated to handling.
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4.5 Previous Seasons’ Feeding Trends
An additional retrospective analysis was carried out for the previous two seasons at
SRI, seal medical charts and records were utilised to calculate the number of days
each seal experienced each feed method. Findings, showed that grey seals require
less assistance through feeding in the rehabilitation process (Table 5). This is
enforced by the average periods of time spent by each species at SRI from
admittance to release, grey seals were rehabilitated for a mean of 118 days whereas
common seals spent a mean of 140 days at SRI. Both 100% of grey and common
seals were tube fed, this can be attributed to administration of medication
(electrolytes, vitamins and glucose) upon admittance to SRI via orogastric feeding
tube. However, common seals were on average tube fed for approximately twice as
long as grey seals. Grey seals generally learn to free feed in a significantly shorter
period of time and often do not require intermediate feed methods (force and hand
feeding), calculated from number of days from first tube feed to first free feed were
analysed (t.test, t = 3.0461, df = 48.352, p-value = 0.003748). Whereas common
seals require more assistance from the animal care team to grasp the concept of
eating and hunting, 89% of common seals required force feeding and 58% required
hand feeding in order to reach the point of free feeding, 25% and 6% of grey seals
required force feeding and hand feeding respectively.
Table 5. Summary of feeding trends across the previous two full seasons at Seal Rescue
Ireland for both common (Phoca vitulina) and grey seals (Halichoerus grypus).
Species
Days
% of
Days
% of
Days
% of
Tube

pups

Force

pups

Hand

pups

Fed

tube fed

Fed

force fed

Fed

hand fed

Common
(P.
Vitulina)

31

100%

32

89%

24

58%

Grey
(H.
Grypus)

16

100%

17

25%

33

6%

22
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5. Discussion
5.1 Experimental Design
A variety of monitoring devices were considered for this study. A stethoscope provides
a moderately reliable HR when used for auscultation, however, remote monitoring is
not possible (McGee, 2012). Veterinary electrocardiogram devices are also available
in a holter form for prolonged HR monitoring in cardiac cases, however these are
costly and are not water resistant (Willis, 2019; Pers.Obs). Therefore, the Polar HRM
was used as it is a robust device which provided reliable HRs, inexpensive and is
water resistant as it is designed for monitoring HRs during exercise including
swimming (Polar, 2019). The experimental design followed the recommendations of a
review of the use of HR to assess stress in farm animals (Von Borell et al., 2007). The
primary recommendation taken from this study was to use five minute recordings for
standardisation.

5.2 Findings
Although this study has proven that feeding interactions cause a significant increase
in HR in seal pups, monitoring recovery proved that the stress dissipates quickly,
especially during the feeds outside opening hours at the centre. These feed methods,
although stressful, are essential in aiding pups to regain health, gain weight and learn
the skills needed for release. The health and welfare of the individual animals is of
utmost importance. There are currently no alternatives for administrating nutrients to
new born seal pups other than tube feeding. However, at the Seal Rehabilitation and
Research Centre in Pieterburen, The Netherlands, salmon based formula has been
introduced rather than the traditional herring based formula used at SRI (SánchezContreras et al., 2015). This emulsion is significantly more calorific at 180 – 292
kcal/100g, compared to herring containing 178 kcal/100g (Sánchez-Contreras et al.,
2015), this could potentially reduce the number of feeds required per day, reducing
the frequency of handling. This study also discovers a lower mortality rate for seals
fed on the salmon blend (5%) compared to 16% of seals fed on the herring emulsion
(Sánchez-Contreras et al., 2015). Higher calorific suspensions may lead to more rapid
weight gain shortening the time required to reach the release weight of 30kg. However,
time is also needed for seals to learn how to hunt and eat fish, alongside this herring
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is more readily available in comparison to salmon in Ireland. Therefore, there are
positives and negatives of each emulsion.
Opening hours, which includes the presence of visitors alongside a higher number of
animal care workers caused an increase in recovery time observed of 115 seconds
for methods requiring restraint and of 23 seconds for restraint free feeding. Similar
findings were observed by Stevens et al., (2013) where behavioural responses and
visitor numbers were monitored, findings showed that common seals spent prolonged
periods submerged underwater correlating with increased visitor numbers indicating
stress.
Tube feed samples were used to examine for habituation, this was due to sample size
and the number of days for which tube feeding was recorded. Contrary to findings by
Taylor et al., (1998), habituation was not observed through this analysis of HR and
recovery times.
Due to limited resources in relation to HR in common seals, especially young seal
pups, a preliminary study was carried out in this research to establish a reference
range for the resting HR of a common seal pup. A mean HR was calculated at 145
bmp (min 134 bmp – max 152 bmp), this aligns with the findings of other studies, for
example Fonfara et al., (2015), a mean HR of 148 bmp in common seal pups was
recorded. Seal pups under anaesthesia induced by Sevoflurane, an anaesthetic gas
with mild cardiovascular depressive properties, HRs were recorded between 100 -130
bpm (Huuskonen et al., 2011; Kanaya et al., 2003). These findings allowed for further
understanding of the increases as a result of stress experienced through handling.
5.3 Recommendations
There are limits at SRI with regard to the number of visitors granted access to the
courtyard to view seals at a time. However, it is essential that this is enforced,
especially during busy summer months. Appropriate, clear signage could be put in
place to ensure guests keep their voices to a minimum, this is especially important for
large groups and school tours. It may also be suggested that a rubber matting or seal
be installed to drain covers to reduce impacts of sudden noises.
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5.4 Justification for Rehabilitation
There are multiple justifications for the rehabilitation of wildlife, these include:
intervening in cases in which animals have been directly affected by human activities,
research, education, conservation and post release tracking for wild population
research (Moore et al., 2007).
Common seals are classed as “of least concern” by the International Union for
Conservation of Nature Red List of Threatened Species, (IUCN, 2019). Therefore, the
rehabilitation of common seals may contribute little as a conservation standpoint
however, does benefit the welfare of individual animals (Measures, 2004).
Furthermore, having established facilities and trained personal provides insurance for
species that are not currently at risk in the event of an unpredictable incident such as
an oil spill (Measures, 2004). As prime sentinel species, they provide long-term
residents to coastal areas, therefore, maintaining healthy populations of marine
mammals in the wild is of extreme importance (Bossart, 2011). As charismatic megafauna, they evoke stronger human responses which in turn may be important in raising
awareness with regard to anthropogenic driven threats faced by all marine life
(Bossart, 2011). At SRI, the attraction of the rehabilitation of these pups is used as an
education tool for wider environmental issues such as plastic pollution and overfishing.
Rehabilitation presents a unique opportunity in research, providing the opportunity to
monitor and examine wild animals in ways that may not be possible, or would prove
extremely difficult in the wild. It can provide insight into the health status of wild
populations, although this data is often skewed by age and health status given the
nature of the condition seals generally strand (Gulland, 1999). However, rehabilitation
can prove useful in research fields such as medicine (Fauquier et al., 2003),
immunology (King et al. 2001), parasitology (Borgsteede et al., 1991), zoonoses
(Colagross-Schouten et al., 2002), and human interaction (Guy et al., 2013).
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5.5 Limitations and Future Work
This study faced various limitations, firstly, the HRM used in this study (Polar H7
Bluetooth 4.0 HRM) is designed for use in humans. Alongside this data was recorded
by hand on paper data recording sheets, due to brief periods of disconnection
observed in an initial pilot study. Data was transferred daily to an Excel spreadsheet,
adding an extra data handling stage where human error is possible to occur.
Secondly, only seals in the kennel stage of rehabilitation were used in this study. Pups
in ICU were deemed unstable or of ill health to provide consistent HRs and to be able
to withstand additional handling. Additionally, pups that had progressed to the pools’
stage of rehabilitation were less accessible and are not handled during feeds. Data
collection was limited to feeding times which occur four times a day, although as more
seals were admitted it was possible to obtain two samples during the feed as feeding
times took longer. Only three free feed samples were obtained, this was due to the
seals only being monitored once per day and the fact that pups are transferred to pools
once consistently free feeding well.
This study was carried out over a short time constraint. The majority of the data
collection period occurred early in the pupping season, therefore the majority of
samples were collected early in the rehabilitation process. In future work it would be
recommended to carry out data collection over a longer period in order to collect an
even sample size of all four feed methods. Longer sample times would also prove for
more robust testing for habituation. This would also allow for a comparative analysis
between pups admitted as new-borns and those who were admitted as a failed weaner
(4-5 weeks of age). It may also be advised to run a similar study in grey seals to
provide a comparison between species.
Finally, it may be recommended in future more comprehensive studies to monitor other
parameters alongside HR such as saliva cortisol levels, respiratory rates, vocalisations
and behaviour.
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6. Conclusion
Findings from this study were as follows: firstly, force feeding proved to be the most
stressful feed method causing the largest increase in HR and the longest recovery
times, this was followed by tube feeding as the second most stressful. These are both
methods in which restraint is required, hand feeding, and free feeding did not cause
significant increase in HR and can therefore be deemed as not stressful.
Secondly, opening hours did not have a significant effect on HRs, however, visitor
presence did cause significantly longer recovery times. Seals did not display signs of
being habituated, no correlation was found between number of days in care and
changes in HR or recovery time. Finally, a retrospective study concluded that common
seals require more time in rehabilitation in comparison to grey seals. A study over a
two year period calculated a mean of 22 days extra at SRI from admittance to release.
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8. Appendix
8.1 Data recording sheet

Time

Heart Rate

Handled/Not
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8.2 R Code for analysis
################
Additional study rest HRs for ref range ################
Add_rest <- matrix(c(147, 145, 141, 140, 152, 147, 152, 146, 134))
mean(Add_rest) # 144.8889
max(Add_rest) # 152
min(Add_rest) # 134
sd(Add_rest) # 5.7
#######################
ANOVA
###########################
raw_seals <- read.csv("/Users/bronwynjeffers/Desktop/raw_seals_csv.csv") # import data
raw_seals
library(MASS)
attach(raw_seals)
difference_in_HR <- (Mean_Handled)-(Mean_Rest)
work with

# create function of difference to

shapiro.test(difference_in_HR) # data normal
HR_analysis <- aov(difference_in_HR ~ Feed_Time*Feed_Type)
summary(HR_analysis)
#Df Sum Sq Mean Sq F value Pr(>F)
#Feed_Time
1 31 30.5 0.559 0.0456
#Feed_Type
3 4023 1340.9 24.544 3.47e-12 ***
# Feed_Time:Feed_Type 3 172 57.4 1.051 0.373
#Residuals
108 5900 54.6
shapiro.test(Recovery_Time) # data normal
Recovery_analysis <-aov(Recovery_Time ~ Feed_Time*Feed_Type)
summary(Recovery_analysis)
#Df Sum Sq Mean Sq F value Pr(>F)
#Feed_Time
1 794 794 0.130 0.719
#Feed_Type
3 633988 211329 34.537 9.92e-16 ***
# Feed_Time:Feed_Type 3 27986 9329 1.525 0.212
#Residuals
108 660843 6119
###############
REST VS HANDLED
###########################
#### NUMBERS ARE BPM ####
rest <matrix(c(141,142,128,128,125,149,132,119,138,146,150,145,134,132,123,149,136,128,140,
143,123,124,135,139,144,142,127,161,141,146,136,133,129,132,137,145,162,121,138,158,
146,144,127,143,128,144,147,146,124,141,155,132,144,145,160,130,129,142,147,141,138,
150,167,147,140,134,156,140,141,144,153,129,143,147,150,162,140,150,132,151,143,143,
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147,143,138,141,131,146,157,137,137,150,143,155,140,163,150,155,148,131,148,154,144,
145,143,146,151,146,152,147,139,140,150,153,141,146))
handled <matrix(c(160,159,152,145,156,159,161,137,160,171,160,162,160,145,151,164,165,153,178,
156,150,155,155,161,154,154,151,173,153,159,158,146,158,156,159,172,170,136,152,172,
160,151,154,158,153,171,163,153,166,162,172,162,155,157,173,152,166,152,156,149,161,
155,171,164,156,163,170,168,158,147,153,153,153,150,164,173,145,156,143,148,153,146,
158,144,160,152,159,150,180,136,168,165,166,159,141,178,169,172,151,151,165,169,145,
169,157,168,165,147,171,171,140,141,163,167,140,159))
require(MASS)
oldpar <- par(mfrow = c(2,2), oma = c(0,0,2,0) + 0.1)
# This splits the R graphics screen
into 4 quarters with room for a white space at the top
truehist(rest , nbins = "FD", col = "white", main = "Histogram", xlab = "Variable_Name
(degrees)", ylab = "Frequency", prob = FALSE) # Here prob = FALSE tells R to plot frequencies
rather than probabilities
box()
plot(density(rest ), xlab = "rest (degrees)", main = "Kernel Density")
rug(rest )
qqnorm(rest )
qqline(rest )
boxplot(rest , ylab = "rest (degrees)", main = "Boxplot")
mtext("Data Exploration Plots for Variable rest ", font = 2, outer = TRUE)
shapiro.test(rest) #W = 0.98741 p= 0.3577
require(MASS)
oldpar <- par(mfrow = c(2,2), oma = c(0,0,2,0) + 0.1)
# This splits the R graphics screen
into 4 quarters with room for a white space at the top
truehist(handled , nbins = "FD", col = "white", main = "Histogram", xlab = "Variable_Name
(degrees)", ylab = "Frequency", prob = FALSE) # Here prob = FALSE tells R to plot frequencies
rather than probabilities
box()
plot(density(handled ), xlab = "handled (degrees)", main = "Kernel Density")
rug(handled )
qqnorm(handled )
qqline(handled )
boxplot(handled , ylab = "handled (degrees)", main = "Boxplot")
mtext("Data Exploration Plots for Variable handled ", font = 2, outer = TRUE)
shapiro.test(handled) # p-value = 0.4373
shapiro.test(rest) # p-value = 0.3577
library(MASS)
t.test(rest, handled, paired = TRUE)
# data: rest and handled
#t = -18.364, df = 115, p-value < 2.2e-16

37

Summer Placement

B. Jeffers

mean(rest) # 142.0086
mean(handled) # 158.00861
### handled feed methods vs hands freefeed methods
#TF and FF
hands_free <-matrix(c(27,14,7,8,5,19,0,10,3,5,6,-3,3,1,4,-1,4,3,1,1,-1,1,1,1))
mean(hands_free) #4.958333 bpm
sd(hands_free) # 6.823738 bpm
max(hands_free) #27 bpm
min(hands_free) #3 bpm
#HF and FREE
hands_on <matrix(c(19,17,24,17,31,10,18,25,10,17,13,28,15,25,38,13,27,31,20,10,12,24,12,12,13,13,29
,24,8,15,14,14,7,15,25,27,16,17,30,11,12,13,9,23,4,14,17,3,24,14,11,11,10,11,28,23,23,20,1
7,14,22,13,14,29,22,26,29,22,22,22,27,42,21,22,37,10,17,16,28,22,31,15,15,19,17,15,24,14,
19,24,13,11))
mean(hands_on) # 18.77174 bpm
sd(hands_on) # 7.60437 bpm
max(hands_on) # 42 bpm
min(hands_on) #3 bpm
t.test(hands_on, hands_free)
#data: hands_on and hands_off
#t = -8.6188, df = 39.275, p-value = 1.361e-10
#######################
DIFF IN FEED TIMES
###########################
# numbers are BMP
rest_closed <matrix(c(142,149,119,145,149,124,135,161,141,129,132,158,146,147,145,160,138,150,156,
147,150,143,147,146,157,140,148,146,150,125,150,123,143,123,127,121,138,128,144,132,
144,141,134,129,143,151,143,131,155,148,131,143,139,140))
handled_closed <matrix(c(159,159,137,162,164,155,155,173,153,158,156,172,160,163,157,173,161,155,170,
150,164,146,158,150,180,141,165,168,163,156,160,151,156,150,151,136,152,153,171,162,
155,149,163,153,153,148,153,159,159,151,151,157,140,141))
rest_open <matrix(c(153,128,132,138,134,136,139,144,146,137,144,146,124,130,129,167,147,140,141,
162,140,150,143,138,137,137,163,150,154,151,146,141,146,141,128,146,132,128,140,142,
136,133,145,162,127,143,141,155,142,147,140,144,153,132,141,150,143,155,144,145,152,
147))
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handled_open <matrix(c(167,152,161,160,160,165,161,154,159,159,151,153,166,152,166,171,164,168,158,
173,145,156,144,160,136,168,178,169,169,165,147,140,159,160,145,171,145,153,178,154,
158,146,172,170,154,158,162,172,152,156,156,147,153,143,152,165,166,172,145,169,171,
171))
t.test(((handled_closed)-(rest_closed)),((handled_open)-(rest_open)))
# t = -0.65698, df = 113.7, p-value = 0.5125
no difference in time for HR
# numbers are seconds
rec_open <matrix(c(360,225,480,345,360,465,210,150,285,345,405,435,465,285,300,405,300,270,285,
195,195,345,255,330,270,285,405,240,270,300,270,375,315,210,300,300,300,255,165,285,
360,420,435,390,420,315,240,270,375,240,0,255,60,60,60,60,60,60,255,300,150))
rec_closed <matrix(c(0,0,195,135,60,60,60,150,135,150,60,180,120,60,255,270,270,195,165,150,240,16
5,135,135,210,195,165,180,225,225,255,195,210,195,240,195,240,270,285,195,165,240,15
0,165,135,120,180,225,240,225,180,195,210,120,165))
t.test(rec_open,rec_closed)
# t = 6.2195, df = 98.707, p-value = 1.205e-08
################ DIFF IN METHODS (HANDLED/NOT) AND TIMES
#### NUMBERS ARE DIFF IN BPM (HANDLED-REST) ####

#############

hands_off_open <-matrix(c(7,5,6,1,-1,1,-1,27,0,1))
mean(hands_off_open) #4.6 bmp
sd(hands_off_open) # 8.382521 bpm
max(hands_off_open) # 27 bpm
min(hands_off_open) # 1 bpm
hands_off_open_rec <-matrix(c(0,255,60,60,60,60,60,60,255,300,150))
mean(hands_off_open_rec) #120 seconds
sd(hands_off_open_rec) # 102.8348
max(hands_off_open_rec) # 300 seconds
min(hands_off_open_rec) # 0 seconds
hands_off_closed <-matrix(c(8,19,10,-3,4,3,1,1,14,5,3,3,4,1))
mean(hands_off_closed) # 5.214286 bpm
sd(hands_off_closed) # 5.793611 bpm
max(hands_off_closed) # 19 bpm
min(hands_off_closed) # 3 bpm
hands_off_closed_rec <-matrix(c(0,0,195,135,60,60,60,150,135,150,60,180,120,60))
mean(hands_off_closed_rec) # 97.5 seconds
sd(hands_off_closed_rec) # 62.7495 seconds
max(hands_off_closed_rec) # 195 seconds
min(hands_off_closed_rec) # 0 seconds
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hands_on_open <matrix(c(24,10,13,7,4,17,11,29,22,26,29,22,22,42,22,37,17,28,22,31,15,19,15,14,13,19,17,2
5,13,25,38,12,13,8,15,17,9,3,11,23,22,27,21,10,16,15,17,24,19,24,11))
mean(hands_on_open) #18.92157 bpm
sd(hands_on_open) # 8.347079 bpm
max(hands_on_open) # 42 bpm
min(hands_on_open) # 3 bpm
hands_on_open_rec <matrix(c(360,225,480,345,360,465,210,150,285,345,405,435,465,285,300,405,300,270,285,
195,195,345,255,330,270,285,405,240,270,300,270,375,315,210,300,300,300,255,165,285,
360,420,435,390,420,315,240,270,375,240))
mean(hands_on_open_rec) # 314.1 seconds
sd(hands_on_open_rec) # 80.54464 seconds
max(hands_on_open_rec) # 480 seconds
min(hands_on_open_rec) # 150 seconds
hands_on_closed <matrix(c(31,10,28,13,27,24,15,14,25,27,30,11,24,10,28,20,14,17,10,18,17,15,31,20,12,12,29
,24,14,16,12,13,23,14,14,11,23,17,22,13,14))
mean(hands_on_closed) # 18.58537 bpm
sd(hands_on_closed) # 6.663241 bpm
max(hands_on_closed) # 31 bpm
min(hands_on_closed) # 10 bpm
hands_on_closed_rec <matrix(c(255,270,270,195,165,150,240,165,135,135,210,195,165,180,225,225,255,195,210,
195,240,195,240,270,285,195,165,240,150,165,135,120,180,225,240,225,180,195,210,120,
165))
mean(hands_on_closed_rec) # 199.3902 seconds
sd(hands_on_closed_rec) # 44.14741 seconds
max(hands_on_closed_rec) # 285 seconds
min(hands_on_closed_rec) # 120 seconds
# compare hands off
t.test(hands_off_closed, hands_off_open)
# data: hands_off_closed and hands_off_open
# t = 0.2001, df = 14.982, p-value = 0.8441
therefore no difference in HR
between SRI open and closed restreaint free feeding
t.test(hands_off_closed_rec, hands_off_open_rec)
# data: hands_off_closed_rec and hands_off_open_rec
# t = -0.63828, df = 15.675, p-value = 0.5325
therefore no difference in
recovery between SRI open and closed restreaint free feeding
# compare hands on
t.test(hands_on_closed, hands_on_open)
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# data: hands_off_closed and hands_off_open
# t = -0.21483, df = 89.998, p-value = 0.8304
therefore no difference in HR
between SRI open and closed restreaint required feeding
t.test(hands_on_closed_rec, hands_on_open_rec)
# data: hands_off_closed_rec and hands_off_open_rec
#t = -8.6152, df = 78.564, p-value = 5.719e-13
therefore significant difference in
recovery between SRI open and closed restreaint required feeding

##################
DIFF IN BPM BY FEED METHOD
#### NUMBERS ARE DIFF IN BPM (HANDLED-REST) ####

#######################

TF_Diff <matrix(c(19,17,24,17,31,10,18,25,10,17,13,28,15,25,38,13,27,31,20,10,12,24,12,12,13,13,29
,24,8,15,14,14,7,15,25,27,16,17,30,11,12,13,9,23,4,14,17,3,24,14,11,11,10,11,28,23,23,20,1
7,14,22,13,14))
mean(TF_Diff) # 17.39683
FF_Diff <matrix(c(29,22,26,29,22,22,22,27,42,21,22,37,10,17,16,28,22,31,15,15,19,17,15,24,14,19,24
,13))
mean(FF_Diff) # 22.14286
HF_Diff <-matrix(c(27,14,7,8,5,29,0,10,3,5,6,-3,3,1,4,-1,4,3,1,1,-1,11))
mean(HF_Diff) # 6.227273
Free_Diff <-matrix(c(1, 1, 1))
mean(Free_Diff) # 1

#######################
REC TIMES
#### NUMBERS ARE SECONDS ####

###########################

TF_Rec <matrix(c(300,255,270,300,285,270,270,255,195,195,165,165,165,285,360,240,150,150,240,
300,420,165,165,135,270,435,135,210,390,135,120,195,375,420,180,225,165,315,240,225,
180,225,240,225,315,255,210,270,180,195,300,375,195,210,210,195,240,120,240,165,195,
240,270))
mean(TF_Rec) # 237.8571
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FF_Rec <matrix(c(360,225,480,345,360,285,465,195,210,195,150,285,345,345,255,405,435,465,330,
285,300,270,405,285,300,405,240,270))
mean(FF_Rec) # 317.6786
HF_Rec <matrix(c(255,195,255,150,135,135,300,150,60,60,60,60,60,60,60,60,180,120,60,60,60,150))
mean(HF_Rec) # 122.0455
Free_Rec <-matrix(c(0, 0, 0))
mean(Free_Rec) # 0
#######################
Feed methdos
###########################
TF_REST <matrix(c(141,142,128,128,125,149,119,146,150,145,132,123,149,128,140,143,123,124,135,
144,142,127,161,141,146,133,129,132,162,121,138,158,144,143,128,144,147,155,132,144,
145,160,147,138,167,156,141,144,129,150,162,132,143,147,131,157,143,131,148,143,146,
150,153))
TF_HAND <matrix(c(160,159,152,145,156,159,137,171,160,162,145,151,164,153,178,156,150,155,155,
154,154,151,173,153,159,146,158,156,170,136,152,172,151,158,153,171,163,172,162,155,
157,173,156,161,171,170,158,147,153,164,173,143,153,158,159,180,166,151,165,157,168,
163,167))
t.test(TF_REST, TF_HAND, paired = TRUE)
# data: TF_REST and TF_HAND
# t = -18.827, df = 62, p-value < 2.2e-16
FF_REST <matrix(c(132,138,134,136,139,136,137,127,124,141,130,129,142,147,140,140,138,137,150,
163,150,155,154,145,151,152,147,146))
FF_HAND <matrix(c(161,160,160,165,161,158,159,154,166,162,152,166,152,164,156,168,160,168,165,
178,169,172,169,169,165,171,171,159))
t.test(FF_REST, FF_HAND, paired = TRUE)
# data: FF_REST and FF_HAND
# t = -16.103, df = 27, p-value = 2.282e-15
HF_REST <matrix(c(145,146,146,149,150,141,153,143,147,150,140,151,150,149,146,147,145,147,146,
149,141,141))
HF_HAND <matrix(c(172,160,153,149,155,163,153,153,150,145,156,148,146,144,150,136,159,151,147,
141,140,152))
t.test(HF_REST, HF_HAND, paired = TRUE)
# data: HF_REST and HF_HAND
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# t = -2.2091, df = 21, p-value = 0.03841
FREE_REST <-matrix(c(140,144,139))
FREE_HAND <-matrix(c(141,145,140))
t.test(FREE_REST, FREE_HAND, paired = TRUE)
# cant be calculated - no difference between samples
#
################
HABITUATION - linear regression
#################
####
NOTE NOTE NOTE DO NOT USE - USE CORRELATION BELOW
###
# kept for functions created
TF_Days_in_care <matrix(c(6,6,7,7,8,8,10,10,11,11,11,11,11,12,12,12,13,13,14,14,14,15,15,15,15,15,15,16,16,
16,17,17,17,17,17,18,18,19,19,19,20,20,21,21,22,22,22,23,23,23,23,23,24,25,25,25,27,27,2
9,29,31,34,36))
TF_HR_increase_DIC <matrix(c(18,3,13,14,27,11,17,4,15,24,12,13,10,17,13,10,29,12,7,8,19,30,14,27,31,10,14,12,1
7,11,25,28,23,13,15,38,23,25,24,13,20,12,17,15,24,16,14,25,11,17,31,9,11,23,28,14,14,20,2
2,24,10,17,13))
shapiro.test(TF_Days_in_care) # p-value = 0.2182 - normal
shapiro.test(TF_HR_increase_DIC) # p-value = 0.0306 - normal
par(mfrow=c(2,2)) # draw 4 plots in same window
mod <- lm(TF_HR_increase_DIC ~ TF_Days_in_care)
gvlma(mod)
install.packages("gvlma")
require(gvlma)
gvlma(mod)
# skewness and link fucntion not satisifed
## transformations
# log
log_mod <- lm((log(TF_HR_increase_DIC)) ~ (log(TF_Days_in_care)))
gvlma(log_mod)
# Global stat and heteroscedaticy not satisifed
# square root transfromation
sqrt_mod <- lm((sqrt(TF_HR_increase_DIC)) ~ (sqrt(TF_Days_in_care)))
gvlma(sqrt_mod)
# all assumptions met!
sqrt_TF_HR_increase_DIC <- sqrt(TF_HR_increase_DIC)
shapiro.test(sqrt_TF_HR_increase_DIC) # p-value = 0.2603 normal
sqrt_TF_Days_in_care <- sqrt(TF_Days_in_care)
shapiro.test(sqrt_TF_Days_in_care) # p-value = 0.8135 normal
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scatter.smooth(x = sqrt_TF_HR_increase_DIC, y = sqrt_TF_Days_in_care, main="Tube Feed
Habituation Heart Rate")
sqrt_mod <- lm(sqrt_TF_HR_increase_DIC ~ sqrt_TF_Days_in_care)
print(sqrt_mod)
summary(sqrt_mod)
plot(sqrt_mod)
#Residuals:
# Min 1Q Median 3Q Max
#-1.9418 -0.5641 -0.1154 0.6885 2.0593
#Coefficients:
# Estimate Std. Error t value Pr(>|t|)
#(Intercept)
3.0846 0.5681 5.430 1.04e-06 ***
# sqrt_TF_Days_in_care 0.2405 0.1352 1.779 0.0803 .
#--# Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1
#Residual standard error: 0.8777 on 61 degrees of freedom
#Multiple R-squared: 0.04931,
Adjusted R-squared: 0.03372
#F-statistic: 3.164 on 1 and 61 DF, p-value: 0.08028
# therefore - no corelation bewteen days in care and change in HR - therefore not getting
habituated
###### checking recovery times for habituation
Rec_days_in_care <matrix(c(300,300,270,255,285,270,270,195,255,165,165,195,150,240,165,360,285,420,300,
165,240,150,270,165,435,135,135,135,390,210,120,375,195,225,420,180,240,315,165,225,
180,225,240,315,225,270,255,210,180,195,300,375,210,210,195,195,240,120,165,240,195,
270,240))
shapiro.test(Rec_days_in_care) # p-value = 0.0524 - normal - just !
par(mfrow=c(2,2)) # draw 4 plots in same window
mod_rec <- lm(Rec_days_in_care ~ TF_Days_in_care)
gvlma(mod_rec) # skewness not satisfied
# square root transformation
sqrt_mod <- lm((sqrt(Rec_days_in_care)) ~ (sqrt(TF_Days_in_care)))
gvlma(sqrt_mod)
# all assumptions met!
sqrt_TF_Rec_DIC <- sqrt(Rec_days_in_care) # creating function to work with - recovery
times (TF) ordered by days in care square root transformed
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shapiro.test(sqrt_TF_Rec_DIC) # p-value = 0.1246 normal
scatter.smooth(x = sqrt_TF_Rec_DIC, y = sqrt_TF_Days_in_care, main="Tube Feed
Habituation Recovery Time")
sqrt_mod_rec <- lm(sqrt_TF_Rec_DIC ~ sqrt_TF_Days_in_care)
print(sqrt_mod_rec)
summary(sqrt_mod_rec)
plot(sqrt_mod_rec)
#Residuals:
# Min 1Q Median 3Q Max
#-4.2815 -1.6676 -0.0097 1.2734 5.5209
#Coefficients:
# Estimate Std. Error t value
#(Intercept)
16.8802 1.5553 10.853
#sqrt_TF_Days_in_care -0.3988 0.3702 -1.077
#Pr(>|t|)
#(Intercept)
7.08e-16 ***
# sqrt_TF_Days_in_care 0.286
#--# Signif. codes:
# 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1
#Residual standard error: 2.403 on 61 degrees of freedom
#Multiple R-squared: 0.01867,
Adjusted R-squared: 0.002581
#F-statistic: 1.16 on 1 and 61 DF, p-value: 0.2856
##################
HABITUATION - correlation USE
###################
TF_Days_in_care <matrix(c(6,6,7,7,8,8,10,10,11,11,11,11,11,12,12,12,13,13,14,14,14,15,15,15,15,15,15,16,16,
16,17,17,17,17,17,18,18,19,19,19,20,20,21,21,22,22,22,23,23,23,23,23,24,25,25,25,27,27,2
9,29,31,34,36))
TF_HR_increase_DIC <matrix(c(18,3,13,14,27,11,17,4,15,24,12,13,10,17,13,10,29,12,7,8,19,30,14,27,31,10,14,12,1
7,11,25,28,23,13,15,38,23,25,24,13,20,12,17,15,24,16,14,25,11,17,31,9,11,23,28,14,14,20,2
2,24,10,17,13))
shapiro.test(TF_Days_in_care) # p-value = 0.2182 - normal
shapiro.test(TF_HR_increase_DIC) # p-value = 0.0306 - normal
# data normal therefore parametric therefore persons
Habit_HR <- data.frame(TF_Days_in_care,TF_HR_increase_DIC)
cor.test(TF_Days_in_care, TF_HR_increase_DIC, method = "pearson")
#Pearson's product-moment correlation
#data: TF_Days_in_care and TF_HR_increase_DIC
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#t = 1.2614, df = 61, p-value = 0.212
#alternative hypothesis: true correlation is not equal to 0
#95 percent confidence interval:
#-0.09195771 0.39173025
#sample estimates:
#cor
#0.15944
install.packages("ggpubr")
library("ggpubr")
ggscatter(Habit_HR, x = "TF_HR_increase_DIC", y = "TF_Days_in_care",
add = "reg.line", conf.int = TRUE,
cor.coef = TRUE, cor.method = "pearson",
xlab = "Mean Increase in Heart Rate", ylab = "Days in Care")
Rec_days_in_care <matrix(c(300,300,270,255,285,270,270,195,255,165,165,195,150,240,165,360,285,420,300,
165,240,150,270,165,435,135,135,135,390,210,120,375,195,225,420,180,240,315,165,225,
180,225,240,315,225,270,255,210,180,195,300,375,210,210,195,195,240,120,165,240,195,
270,240))
shapiro.test(Rec_days_in_care) # p-value = 0.0524 - normal - just !
Habit_rec <- data.frame(Rec_days_in_care, Rec_days_in_care)
cor.test(Rec_days_in_care, TF_Days_in_care, method = "pearson")
Pearson's product-moment correlation
#Pearson's product-moment correlation
#data: Rec_days_in_care and TF_HR_increase_DIC
#t = -0.059045, df = 61, p-value = 0.9531
#alternative hypothesis: true correlation is not equal to 0
#95 percent confidence interval:
# -0.2548474 0.2406561
#sample estimates:
# cor
#-0.007559681
library(ggpubr)
install.packages("ggpubr")
ggscatter(Habit_rec, x = "Rec_days_in_care", y = "TF_Days_in_care",
add = "reg.line", conf.int = TRUE,
cor.coef = TRUE, cor.method = "pearson",
xlab = "Recovery Time", ylab = "Days in Care")
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################ PAST SEASONS - combined (season H and season I)

#############

Com_TF <matrix(c(75,54,56,15,43,44,87,22,17,24,32,88,18,27,49,21,23,39,29,16,1,25,6,10,26,9,23,23,
24,17,19,10,9,34,19,16,38,24,26,21,22,82,45,29,41))
mean(Com_TF) # 30.62222
Com_FF <matrix(c(19,27,22,11,28,35,93,51,51,131,16,83,75,29,128,20,16,62,22,75,30,15,0,10,10,0,9,
13,6,7,8,1,0,15,0,2,0,15,7,12,1,46,24,0,7))
mean(Com_FF) # 27.37778
Com_HF <matrix(c(13,0,8,3,32,1,58,0,47,155,2,14,0,1,164,0,0,24,45,0,0,0,0,0,3,2,12,0,0,5,12,0,0,9,14,
0,0,6,0,4,0,0,0,0,0))
mean(Com_HF) # 14.08889
# number of days from admit to first free feed
com_days_to_free <matrix(c(90,57,41,22,14,53,113,64,89,177,49,113,59,4,175,30,33,84,55,446,32,64,7,16,32,7,
34,23,21,24,26,10,8,54,23,15,10,32,25,30,13,83,46,24,43))
mean(com_days_to_free) # 54.88889
Grey_TF <matrix(c(13,23,13,15,16,72,28,34,17,9,22,13,24,22,69,17,19,22,15,10,30,30,4,11,24,44,57,4
3,39,33,3,7,6,5,12,16,5,14,14,13,9,5,3,7,12,4,5,8,8,2,9,7,5,3,3,7,7,9,2,107,101,10,36,16,11,2
4,23,20,4,1,9,9,14,40,22,38,41,11,12,32,16,3,7,5,25,19,26,28,13,15,23,12,8,8,5,6,5,6,8,1,6,1
6,9,1,3,9,4,9,6,4,1))
mean(Grey_TF) # 16.99099
Grey_FF <matrix(c(0,6,0,0,25,36,3,11,13,0,26,2,37,0,12,22,30,16,11,1,1,0,0,0,0,0,0,18,19,5,0,0,0,0,0,3
6,0,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,64,1,0,7,0,0,0,0,0,0,0,0,0,0,0,1,0,12,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0))
mean(Grey_FF) # 3.747748
Grey_HF <matrix(c(0,0,0,0,0,33,63,0,0,0,19,0,11,0,0,0,5,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,4,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0
,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0))
mean(Grey_HF) # 1.216216
# number of days from admit to first free feed
grey_days_to_free <matrix(c(16,29,12,15,33,91,114,34,32,17,59,13,58,24,71,29,43,22,20,17,12,30,6,11,24,45,66
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,44,41,35,4,8,7,6,16,26,5,15,16,15,13,28,5,6,13,4,6,9,8,4,10,7,6,4,4,7,7,12,3,78,102,10,39,2
0,12,25,24,23,4,2,12,10,14,34,23,39,41,11,164,32,17,4,5,5,28,19,27,29,13,15,24,12,9,8,5,6,
5,6,9,1,6,16,36,1,3,9,4,9,6,4,2))
mean(grey_days_to_free) # 21.61261
# compare
t.test(com_days_to_free, grey_days_to_free)
# data: com_days_to_free and grey_days_to_free
# t = 3.0461, df = 48.352, p-value = 0.003748
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