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Animal-borne tags (biologgers) have now become extremely sophisticated,
recording data from multiple sensors at high frequencies for long periods
and, as such, have become a powerful tool for behavioural ecologists and
physiologists studying wild animals. But the design and implementation
of these tags is not trivial because engineers have to maximize performance
and ability to function under onerous conditions while minimizing tag mass
and volume (footprint) to maximize the wellbeing of the animal carriers. We
present some of the major issues faced by tag engineers and show how tag
designers must accept compromises while maintaining systems that can
answer the questions being posed. We also argue that basic understanding
of engineering issues in tag design by biologists will help feedback to
engineers to better tag construction but also reduce the likelihood that
tag-deploying biologists will misunderstand their own results. Finally, we
suggest that proper consideration of conventional technology together
with new approaches will lead to further step changes in our understanding
of wild-animal biology using smart tags.

This article is part of the theme issue ‘Measuring physiology in free-
living animals (Part II)’.
1. Introduction
Data logging technology these days is ubiquitous due to current vehicle and
mobile phone technology, logging data either within localized memory storage
or transmitting-on-request, location (GPS) and movement (accelerometer)
information to a distant server for processing.

Animal-borne tags recording information have, however, been around for
over 4 decades now, collecting many different types of information, not
unlike mobile phone technology, including, but not limited to, GPS location
[1], acceleration [2], magnetic field strength [3], temperature [4], pressure [5],
heart rate [6], ambient light levels [7], conductivity [8] etc., and have trans-
formed our understanding of wild-animal physiology [9–11], ecology [12]
and behaviour [13] and, as such, play a major role in informing conservation
[14]. By combining some, or all, of these sensors, one can ‘see’ what an
animal is doing, where it is doing it and potentially, what the environmental
(and terrain) conditions are, and so generate a second-by-second diary of the
animal’s behaviour in three-dimensional space, and subsequently, poten-
tially determine if the behaviour is borne from environmental effects or
something else.

The development of these tags has been extraordinary, primarily as a result
of developments in the solid-state industry, driven by consumers. Alone within
the data logger (aka biologgers) community, data storage is now as high as
64 GB [15], sensor count may exceed 9 (e.g. [16]) with deployment periods ran-
ging to years [17] and recording frequencies of now up to greater than 180 kHz
[18] on animals as diverse as small bats [18] and 100 ton blue whales [19,20]. As
a result of recent advances in semiconductor technology, storage capacity is no
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longer an issue; microSD cards are now available with 1 TB of
data storage. This is an extraordinary amount of storage
space. For example, a data logger storing: time (at 40 B s−1),
tri-axial acceleration (6 B at 40 Hz), tri-axial magnetometry
(6 B at 13 Hz), temperature and pressure (both using 3 B at
4 Hz), equates to just under 512 B s−1. At that rate, it would
take about 7 years to fill a 64 GB card and over a hundred
years to fill a single 1 TB card.

The changing range of animals used as a function of the
time over which the technology has been developed reflects
perhaps the most fundamental element of all. That tag
‘size’ affects animals, and what this means to the engineer
[21]. Animal-associated tags affect animals in a suite of
ways ranging from increased energy expenditure [22] to
increased mortality [23], and it is clear that larger tags are
expected to lead to greater detriment (but see [22]), so biol-
ogists should be striving to reduce the size of the tags,
almost whatever the size of the carrier. Coupled with this,
though, is the reasonable expectation that ever smaller tags
can be deployed on ever smaller animals [24], which opens
up the potential of tag technology insights on an increasing
range of species because most animals are small.

This is the major challenge for the tag engineer because
high performance measuring systems that operate under
challenging conditions can be constructed relatively easily if
they are not size limited. But beyond that, these tags, and
their deployment protocols, need to be fool-proof so that
when tags are being deployed under the onerous conditions
that typify much fieldwork, no pilot errors [25] are made.
Finally, assuming the tag, or at least the data, can be recov-
ered, it is useful if there is software that allows the biologist
to see what she/he has got. Indeed, rapid repeat deploy-
ments in the field should rely on confirmation of quality
before tags are redeployed.

This article takes an engineering perspective to detail
some of the important consideration in the design of biolog-
gers, rather than systems that also, or uniquely, incorporate
transmission telemetry. Cognizance of this is not just for
the engineers because if the design and decision-making pro-
cess is understood by biologists, judgements can be made in
the field about how to programme the tags, for example, to
get the best (duration, resolution, sensor activation, duty-
cycling etc.) from the data. Finally, this paper will muse
over where the future might take animal tagging, which is
rapidly becoming a mainstream discipline in its own right.
2. Animals first
There is an increasing number of publications which show the
detrimental effect of tags on their carriers [22,26,27] such as
changes in behaviour and increased energy uses, and, in the
interests of ethically, morally and otherwise good science, we
need to be working to minimize these effects [28]. This not
only requires that workers consider tag placement on their
study animals [29] but also that they minimize tag mass [30],
because this creates forces that can lead to sores and even
death [31], minimize the tag-animal footprint for inter alia
heat loss reasons [32], maximize streamlining [33] and even
consider tag colour [34] and electronic blinking lights that
may cause behavioural changes of predator, prey or conspeci-
fics. Most of these issues are the province of engineers. This is
because, on the one hand, it is linked to the physicality of tag
effects [35] where techniques like flow visualization [36] and
computer fluid dynamics can help minimize detriment [33],
but, on the other, the miniaturization and precise layout of
the tag components define the physical form of the tags. Tag
design engineers, therefore, have to work under severe con-
straints, which are further complicated since an optimized
tag design for one species will not necessarily be right for
another. The niceties of this are not covered here but will be
reflected in an important drive for engineers to reduce tag
size in general, so minimization of tag size underpins the
rest of this paper.
3. Hardware
(a) Sensors
The number of sensors is extraordinary [37], with researchers
now measuring everything from internal physiological par-
ameters such as heart rate [38,39] and stomach pH [40]
through sensors that work both internally and externally
such as respiration rate sensors [41], accelerometers [42] and
magnetometers [3] to transducers that interrogate the external
environment for, e.g. pressure, salinity or temperature [43].
Generally, the quality of data retrieved from larger sensors
is better than smaller sensors so that, other things being
equal, we expect smaller animals to be served by lower qual-
ity sensor data. However, the exception to this is where
sensors are required to react rapidly, for example, tempera-
ture sensors [44], because larger mass sensors have greater
thermal inertia, which makes response times sluggish, a pro-
cess exacerbated when sensors have to be covered (e.g. with
resin) to protect them (cf. [45]). Users, therefore, have to
decide on the trade-off between the value of rapid against
accurate temperature measurement, something that will
depend on the heterogeneity of the environment, the
sampling rate (see below) and precise questions being
asked. Within biologging, sensors are still remarkably small
[16], and many are combined in single chips, such as the iner-
tial measurement unit (IMU) chips used for dead-reckoning,
which have tri-axial accelerometers, tri-axial gyro meters and
tri-axial magnetic field intensity sensors and are a couple of
millimetres in external dimensions. From a sensor size per-
spective, this tempts researchers into wanting increasing
numbers of sensor types within one tag [16,46] and there is
certainly a case for aspiring to have the ‘most complete moni-
toring possible’ of the study animal. Although this would
seem to go against rigorous hypothesis-testing science [47],
even hypothesis-testing science is formed on observations
and biologgers do exactly that. But even small sensors require
current to function, and so impose a cost on size that goes
beyond their physical presence and is reflected in the battery
size or deployment duration. An important determinant of
power drain and, therefore, battery size, is the resolution at
which the sensors are required to operate. To achieve
higher resolutions, noise may make it difficult to directly
measure small changes in signal, and so it may be necessary
to oversample and average, i.e. collect more samples at a
higher rate and then average, to improve the signal-to-noise
ratio. All this assumes that biologists have unfettered choice
about their ideal resolution for their study question, even
though the ‘allowable’ questions also depend on what is
possible. A good example of this is the measurement of
depth, which has, over the last 4 decades, seen resolutions
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Figure 1. Sequential dives by a harbour porpoise P. phocoena, with pressure
measured at 5 Hz and resolved at 16 bit, immediately following a single deep
(22 m), long (165 s) dive. The short (3–13 s), shallow (0.21–1.2 m) dives with
rapid surface periods (0.6 s) are easily discernible and may indicate how the
animal could briefly flush the lungs [50] during the surface period and then
use the water pressure to enhance the differential between lung and tissue
oxygen partial pressures to facilitate the reoxygenation process.
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of pressure move between 8 and 16 bit [48]. This translates
the sensor measurement range into between 256 and 65 536
steps, respectively. Thus, a depth sensor that operates over
a range of 0–500 m, for example, will have depth resolution
steps between 1.95 m and 7.6 mm, respectively. Assuming
appropriate sampling frequency, this has a profound effect
on the way results are interpreted, and even the extent to
which we are presented information with serendipitous
potential. For example, low depth resolution is the likely
reason why many studies on penguin diving dismiss dives
to less than 1–2 m [49], even though most commuting and
some feeding behaviour occurs in this range for many
species. Beyond that, as an example of high-resolution-
enhanced serendipity, the use of high-resolution depth data
indicates that porpoises Phocoena phocoena may use short,
shallow dives to help them re-oxygenate their tissues by
increasing the oxygen partial pressure difference between
their lungs and their blood (figure 1), something that is
otherwise unlikely to be considered.

We have used a variety of commercial depth sensors that
specify their accuracy to be between 1 cm (Keller AG, www.
keller-druck.com) and 50 cm (TE Connectivity Ltd, www.te.
com) and so choice of which sensor to use as well as the tem-
poral and bit resolution to apply obviously affects the
‘quality’ of data recorded. The use of the most accurate
depth sensor sampled at 40 Hz has allowed us to determine,
for example, that Magellanic penguins Spheniscus magellani-
cus swimming horizontally within the water column
actually oscillate in depth around 23 mm due to the beating
of their flippers which causes movement in the heave axis.
This can help inform biomechanical studies but is unlikely
to be ecologically relevant. Above all, it is important to
choose the correct sensor for the likely quantity to be
measured, i.e. for depth, a sensor that exceeds the range of
the animal under study, but not overly so, as this will
reduce the depth resolution and will impact on the ability
to study fine movements in the water column. Similarly,
selecting the likely g-range tri-axial accelerometers is very
important as fine-scale movement at the milli-g range will
be lost when the sensor itself is scaled to ±16 g, compared
to ±2 g.

The frequency with which the sensors are interrogated
also affects power consumption as an approximately linear
function of sampling frequency and, therefore, battery
capacity and ultimately size (figure 2). In a manner similar
to that illustrated for the porpoise above, if sampling frequen-
cies are to define particular waveforms, then data need to be
sampled at a rate at least two times the highest frequency
component in that waveform. Elephants are capable of gener-
ating infrasonic calls [51] with frequencies below 50 Hz being
possible, and lasting for several seconds [52]. In this case, an
accelerometer would need to record at twice the highest fre-
quency of an elephant’s vocalization range to detect/record
the sound [53], assuming that the ensuing vibration can be
sensed by accelerometers. In fact, by sampling acceleration
at 320 Hz on African elephants Loxodonta africana, we have
detected clear pulsed waveforms at 19 Hz, which we
assumed were due to infrasound.
(b) Memory
A key element of biologgers is that they store, rather than
transmit, data [54]. This has power and practicality
advantages for many studies since signal transmission
requires that the device use power to transmit. In any
event, some studies require data from animals that operate
in environments where signal attenuation prohibits useful
transmission telemetry (e.g. [55]). There is also the large
quantity of data that are collected with such devices, that
would require a significant amount of power. As a partial sol-
ution to this, some hybrid devices may collect and store
internally high-frequency data, and transmit either snippets,
or summary information of the animal’s recent, notable,
behaviours. The disadvantage of biologging is, however,
that the devices have to be recovered to access the data (but
see [56]), which is almost impossible in marine species that
cannot be relocated and where telemetry signals become
essential for tag recovery. Unsurprisingly, writing sensor
data to a memory requires power, with overall power require-
ment being proportional to the number of sensors, the
sampling frequency of those sensors and the deployment
duration. Additionally, the type of memory used is also
important. Flash memory, of which there are several types,
can be written to rapidly, but does require high peak current
for short periods of time while the data are written into the
store, with peak current reaching up to 50 mA or more.
This can have a detrimental effect on the battery itself if it
is not capable of delivering those currents and can result in
diminished overall capacity. Moreover, the ambient tempera-
ture at which the batteries are both stored and used when
deployed can more dramatically affect the resulting capacity,
with recommended operating temperatures typically within
the range −20 to +60°C. At the higher extreme, the loss of
capacity occurs along with increased internal resistance
[57], while at the lower extreme, chemical reactions slow to
such an extent that in some applications, the battery becomes
useless [58]. One of the most power-demanding memories is
the microSD Flash cards which, for a single sized package,
can have capacities from a few MB to 100s of GB. This is
more than sufficient capacity for year-long deployments on
animals with high sampling rates, provided that the animal
can carry the necessarily larger battery to interrogate the sen-
sors and power the processor (see below), in addition to
writing the data to the card. Additionally, we have found
that the longer the deployment period, the more likely the
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cards are to be corrupted, making data access difficult or
impossible to recover. The precise reasons for this are unclear
because large memory microSD cards can be used in cameras
for many months without problem. However, we believe that
this is likely down to one or more scenarios, such as power
being constantly applied for several days/weeks/months,
in addition to potentially large temperature swings due to
local environmental conditions. Of the memory chips, vola-
tile RAM, or dynamic RAM (DRAM), requires the least
current, but these systems require more complex circuitry to
refresh the stored data repeatedly, which either means an
additional battery in the logger or the researcher taking a
risk by using one battery both to power the tag and safeguard
the data. Non-volatile static RAM (NVSRAM) is yet another
storage medium that is typically faster than Flash due to
not requiring data to be written back upon reading, as is
the case with DRAM. NVSRAM, however, is more costly
than Flash due to the high number of transistors required
per data bit (typically six or more) and is, therefore, generally
manufactured at lower capacity. It can be used in conjunction
with other storage media as a temporary buffer in prep-
aration for a burst-write of a more significant quantity of
data to the primary store. These days, biologgers generally
use Flash RAM for its capacity, where the data, once written,
are stored without requiring additional power.

Flash storage mechanisms generally require data to be
written into a ‘page buffer’ on the chip of a fixed size,
perhaps 256 B. Once the processor has completed the transfer,
this page of data is then copied into the main Flash storage
array. The larger the overall Flash capacity, the larger this
page capacity may be. Flash chip controllers normally allow
any number of bytes within the page to be written to, i.e. a
transfer can be any number of bytes up to the maximum
size of the page. If the processor is only buffering/transfer-
ring 256 B of sensor data, and the Flash chip has a page
size of 4096 B, then, once the 256 B have been written into
the page (of 4096 size), all 4096 B are written back into the
main Flash area. This is obviously a waste of power as 3840
extra, unused bytes are being stored back to the main array.
Note that before data can be written to Flash memory,
‘blocks’ must first be erased, whereby all bits are set to the
equivalent of a ‘1’. When writing to Flash, a ‘1’ can be set to
a ‘0’, but not the other way round. If data have been written
once, the only means of changing data in the main storage
array is to first erase blocks, which are generally larger than
a page size. Ideally, the processor’s internal memory store
should at least match that of the Flash page size or be able
to use an external buffer and stream data to the Flash page
in one storage session. If the latter, then the processor must
communicate with the external buffer simultaneously, requir-
ing separate communication lines, further complicating the
design.
(c) Processors
Everything costs power. Processors used in data loggers are
typically either 8 or 16 bit for the low sensor sampling
frequency (few 10s of Hz) devices. Overall, reduced bit resol-
ution and reduced sampling frequency (assuming the
biological questions being asked of the system can be
answered with those resolutions—see above) can improve
efficiency because there is less ‘work done’ by both the
sensor and the processor in transferring data from the
sensor to the memory store. This includes fitting more data
points per ‘page’ of memory due to the reduced bit-count
per sensor. Specifically, for a data logger repeatedly request-
ing data from a sensor, possibly 40 times a second, any
reduction in bytes transferred is power saved as the
processor can return to sleep mode quicker (40 times a
second). Many operate at 3.3–5 V, while manufacturers also
offer 1.8–2.0 V varieties, allowing for significant power
savings. Lithium batteries, either non-rechargeable or
rechargeable, having an on-load voltage of between 3.6 and
4.2 V at full charge, can be efficiently ‘chopped up’ with
some judicious dc–dc converter techniques (buck converters)
and dropped to the required 1.8–2.0 V range, almost halving
the power consumption. The same can be said for a lot of sen-
sors such as accelerometers, magnetometers, gyroscopes, etc.
that have a wide operating voltage range, from 5.0 V down to
as little as 1.8 V. Low voltage will equate to lower current
draw and, therefore, lower power usage overall as power
can be equated to voltage×current drawmean. If all com-
ponents can operate at this lower voltage then this will be
the optimal solution, while hybrid systems that use both
lower and higher voltages can coexist at the expense of a
potentially higher component count.

Ideally, processors should be active for the minimum
amount of time, sleeping where possible to minimize current
draw. Different processors have varying abilities to power
down sufficiently, typically to nW levels, and quickly
enough to warrant the transition. The time taken to wake
the processor up and for a timing crystal or resonator to
stabilize before computations can commence is important
and can add to the energy budget. Thus, minimizing the
number of times the processor wakes up can increase effi-
ciency significantly. Processors typically have different
‘levels’ of sleep and can power down unused internal mod-
ules/circuits to reduce overall power consumption. Some
can drop to nA current draw levels during deep-sleep
modes, but these often have a significantly longer switch-on
time. To mitigate this, many sensor chips such as acceler-
ometers, magnetometers, etc. have buffers and internal
clocking mechanisms enabling the automated timed collec-
tion and storage of multiple sensor readings. When its
buffer is full, the sensor signals the processor to wake-up
and transfer the sensor’s data buffer. This allows the pro-
cessor to minimize power, only waking to coordinate data
transfers between sensors and storage.

The clocking speed of the processor can also be very
important. Processor current draw will increase approxi-
mately linearly with its clocking frequency, equating to the
number of instructions it can process per second. Minimizing
clock speed to reduce current draw may result in longer times
to complete data transfers, but with some protocols current
consumption may also increase.
(d) Logging duration and batteries
The length of time that a tag will log information depends on
the power draw of the complete system for its logging proto-
col and the battery capacity. Nominally, if a tag draws an
effective continuous current of Y mA and the battery has a
capacity of Z mA hours, the system will work for Z/Y
hours. This is a simplistic view, however, because the theore-
tical maximum capacity of the battery can be compromised if
the pulsed current exceeds the battery’s specified rating [59].
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This can also be exacerbated by low temperatures. For
example, we have found that a ‘Daily Diary’ tag [60] that
draws a mean current of 1.5 mA (with much higher peak cur-
rents), deployed on penguins swimming in 14°C water,
operates for between about 2 and 6 days even though it is
powered by a 750 mAh lithium cell (Eve EF651625), which
should last for approximately 21 days. Importantly, there is
also appreciable variation even within specified cells pro-
duced by any one manufacturer, but also variation in the
ability of the battery to provide the requisite current without
breaking down. In any event, not all batteries are created
equal and while bigger batteries in general have greater
capacity, and can withstand higher currents without breaking
down, the different battery types have different qualities. The
two most commonly used in biologgers are non-rechargeable
lithium thionyl chloride (LTC) and rechargeable lithium-ion
polymer. LTC cells have a higher energy density and so can
theoretically power devices for longer for a given volume.
This would seem to make them better for animal tags, but
that assumes that the cells are operating well within their
specified current limits. In contrast with rechargeable bat-
teries, LTC cells are, however, especially for the lower
volume devices, less able to provide higher currents, either
continuously or more importantly in pulses, and so may
not be able to power the circuit at all or only do so for a frac-
tion of the intended duration. This is particularly relevant for
GPS systems, which may draw 30 mA or more continuously
for a number of seconds to calculate every fix due to the
highly complex calculations required to triangulate the
logger’s position in three-dimensional space [59,61].
(i) Topping batteries up
Any measure that can provide power to a rechargeable bat-
tery in a tag can increase operational life or allow a tag to
have more sensors (see figure 2). Importantly, trickle-charging
can be pivotal for study success, and not just because it may
allow the unit to operate ‘indefinitely’, as is the aspiration of
many users, such as those who transmit logger data rather
than relying on tag recovery. Importantly, and perhaps more
realistically, trickle-charging it can extend the operational life
of the tag disproportionately in a predetermined manner
that is analogous to the package actually having a markedly
larger battery (figure 3).

Trickle-charging is likely to become more topical, given
the diversity of miniature energy harvesting systems avail-
able today, which range from mechano-harvesters [62]
through thermo-electric generators [63] to radio-wave har-
vesters [64]. Wireless energy harvesting devices typically
comprise a coil(s)/shaped antenna with dimensions typically
designed for specific ranges of the radiofrequencies to be
absorbed, to achieve maximum power transfer. However,
the substantial attenuation of radio waves by saline environ-
ments (such as body tissues) and very reduced recovered
energy anyway compared to the mean power usage of
many data loggers storing to Flash memory makes this
power source currently impractical. Solar cells (photovoltaics—
PVs) absorb energy from the visible region of the electromag-
netic spectrum, a different range to radio waves. Because of
the wavelength of the visible spectrum, electron excitation
through photon absorption generates free electrons, which can
be stored either in a capacitor or rechargeable cell. It is surprising
that biologgers today either have no topping-up system in place



movement vigour
highlow

% time spent moving
highlow

period active
diurnalnocturnal

habitat shading
openclosed

environmental temperature
heterogeneoushomogeneous

radio-wave density
high (urban)low (remote)

kinetic energy harvester

solar cell (PV) harvester

thermo-electric generator

wireless energy harvester

Figure 4. Schematic diagram to show how animal behaviour and space/time use affects the viability of different energy harvesting mechanisms that might be
employed to supply power to a biologger. The dashed lines crossing the left-hand panels show illustrative examples from a pelagic shark (blue) and an urban bat
(black). (Online version in colour.)

royalsocietypublishing.org/journal/rstb
Phil.Trans.R.Soc.B

376:20200229

6

or those that do only use solar power [65]. Which energy har-
vesting system(s) is best suited for the study animal depends
on the animal’s lifestyle (figure 4) and also, critically, on whether
the tag is implanted or external. Internal tags, especially in
homeotherms, have little choice in energy harvesters since
thermo-electric generators require a temperature difference to
create a charge, while ambient energies such as electromagnetic
radiation, including radio waves, cannot be perceived (see
above) and so must operate with kinetic energy harvesters or
none at all.

Animal ecology and behaviour change, however, with
season, so movement-based power harvesting systems
which might work for a migrating bird may fail post-
migration, so consideration also needs to be given to animal
habits as well as the changes in available ambient energy
(such as daylight length in solar cell systems). Finally, smart
programming can also help extend the life of tags by duty-
cycling or simply not recording data when the animal is
quiescent [66].

As tags get smaller, and batteries become an increasingly
important percentage of the overall tag volume and mass, we
predict that interest in power generating systems for biolog-
gers will increase. Smart phones will undoubtedly have a
role in catalysing this process of technological advancement,
as they have for sensors and memory.

(e) Tag construction
Biologgers have to work in a diverse range of environments.
The most accommodating are perhaps when they are
implanted into the gentle, relatively stable insides of animals
[67], although even there they may be subject to substantial
changing pressure [68]. This contrasts to externally mounted
options where the tags may have to operate in corrosive and
conductive seawater environments (which can result in
galvanic corrosion if there are dissimilar metals at the water
interface), temperature extremes that may be below zero
and/or be as high as 50°C, pressures as high as 200 bar
[69] and have sensors that can be rapidly challenged by bio-
fouling [70]. Sensors and data access ports that have to
interact with the environment can, therefore, be problematic,
not least because, even if the device is potted in resin, there is
a line of weakness between them and the resin. This can lead
to hairline cracks if the environment has large temperature
fluctuations and there is differential thermal expansion
between resin and them. Such large temperature fluctuations
are prevalent in temperate penguins where, for example, in
Magellanic penguins S. magellanicus, the temperature of the
outside surface of the tag may range between 11 and 35°C
with every dive cycle due to cold water and high insolation.
Almost all marine tags that have to operate at depths exceed-
ing 100 m are potted in resin, although at lesser depths, some
companies use O-rings and air-filled systems. Any air in a tag
(even as bubbles in resin) creates a weak spot since the
pressure on it to compress (potentially causing cracks in the
housing) goes up linearly with depth: at the surface, atmos-
pheric pressure is about 68.8 kg m−2, but this goes up to
1.13 × 105 kg m−2 at 100 m depth, and 1.04 × 106 kg m−2

at 1 km. Thus, the design and construction of tags for
deep-diving animals is critical.

( f ) Data recovery
Transmission of data is energetically costly but then so is
recovery of the whole tag, especially if it is implanted.
Today, a great many biologgers have to be recovered to
acquire the data, a process which ranges from the trivial to
extremely onerous [5]. In larger animals that can carry
larger tags, a VHF or Argos location transmitter may be
essential in tag recovery success [15]. Data transmission,
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where it can occur (because, for example, salt water does not
allow the passage of radio waves), generally uses VHF sys-
tems (e.g. [71]), which is only viable for externally mounted
tags. Transmission requires a link between the tag and a
receiver that lasts long enough for a respectable amount of
data to be transferred, and it requires that the tag have
enough extra power to transmit. For both these reasons,
most biologgers transmitting data cannot transmit continu-
ous data recorded at high rates. Rather, they provide, for
example, 3 s bursts of data for every minute of operation,
which allows a reasonable snapshot of the animal’s biology
[72] while accepting the holes in information that this entails.
Ultimately, the utility of this approach depends on the
questions being asked.

(g) Software
(i) Tag programming
A logger with fixed logging frequency and sensor options
will have a known power requirement and a reasonably
well-defined projected run time. Against this, having smart
logging protocols has a great potential for biologists to save
power while acquiring the most useful data for their ques-
tions. For example, not powering up all sensors saves
power, it gives the processor less data to collect, and sub-
sequently less data to store, and so the primary data
storage can be accessed less frequently. Additionally, not all
sensors need to be sampled at the same frequency. For
instance, acceleration might have sensors sampled at the
highest frequency to enhance behaviour classification [73],
while magnetometry may often be sampled at lower rates
as it primarily provides heading metrics (e.g. [74]) and can
easily be interpolated, while temperature measurements, for
example, will likely have an inherent lag due to sensor encap-
sulation [44] so high-frequency measurements would be of
little benefit. Overly complex programming options have
the disadvantage of increasing the chances that the biologist
in the field may make a mistake, something that is not trivial,
given the difficulties of putting tags on animals in the
first place.

(ii) Quick inspection of tag data in the field
Many tag deployments are made after careful preparation in
the laboratory and are ‘single shot’ events. Equally, many
studies deploy tags repeatedly over time in the field, with
researchers having to make tag-programming decisions
based on the data they receive from deployments over
time. This calls for proper inspection of recovered tag data
to inform the next protocols. There is often poor appreci-
ation of the importance of data inspection under such
conditions. At its most base level, workers need to ascertain
the correct functioning of all the sensors—without outliers
and operating within the prescribed range—before re-
deployment. This requires that software be available in the
field to allow the workers to inspect all of their recorded
parameters as a function of time. Sadly, many do not do
this, and may return from expeditions with poor, or no,
data, which is a waste of time and resources and has impor-
tant ethical implications [75]. We believe that tag
manufacturers should provide such software, even if it is
primitive, showing little more than sensor outputs over
time graphically. Indeed, provision of this may have
changed field studies considerably.
4. Common mistakes in data interpretation
Linked to the above point is more comprehensive under-
standing of sensor metrics, either direct or derived. The
vast array of machine-learning programmes [76] makes it
easy to collect data and, with little more than cursory inspec-
tion, analyse it within a programming ‘black box’. No
biologist would take the mass of an animal without
understanding what it means, but many today using accel-
erometry metrics, for example, are unclear what the values
presented mean. This is particularly important when the be-
haviour-identifying programme relies on ‘validated’ data
from an animal observed to behave in a particular manner
while wearing a tag [77]. For instance, a study species ‘vali-
dated’ in level terrain will produce markedly different
acceleration offsets if it normally lives in mountains because
body pitch (manifest through the surge static acceleration
values (cf. [73]) is rarely around zero. Similarly, proper under-
standing of the meaning of sensor data will help workers
identify behaviours that are not observed in captivity and,
therefore, cannot be ‘validated’ in the conventional sense.
Some simple code can easily be constructed using either R
or MatLab to allow the worker to visualize sample data
while in the field and some tag manufacturers provide soft-
ware that does this. There are numerous R packages
available for deconstructing animal logger data, including
using Boolean approaches for defining data [78], and visua-
lizing this in two or more dimensions, including overlaying
movement paths onto textured mapping technologies.
5. Conclusion
Although current biologgers are incredibly potent with
respect to the information that they can gather, and thereby
in their capacity to elucidate the behaviour, ecology and
physiology of the study species, poor understanding of tag
capacities and limitations can lead to misinterpretation.
Basic knowledge of tag design and mode of operation,
including issues such as resolution, sampling rate and
power draw, should not be the province of the tag engineer
alone. Indeed, proper understanding of such matters by
scientists would, at once, ensure that the data taken rep-
resent what they are supposed to, and reduce the
likelihood that the tag will underperform. Beyond this, the
most comprehensive data on aspects of an animal’s biology
may be of little value if the tag itself causes aberrations in
animal biology. We, therefore, need to be particularly vigi-
lant with respect to potential tag detriment, understanding
that good science and the wellbeing of the animals that
carry the tags both depend on biological and engineering
expertise operating together.
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