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Abstract

:

Analysis of cetacean blow offers a unique potential for non-invasive assessments of their health. In recent years, the use of uncrewed aerial vehicles (UAVs) has revolutionized the way these samples are collected. However, the high cost and expertise associated with purpose-built waterproof UAVs, paired with the challenges of operating during difficult meteorological conditions, can be prohibitive for their standardized use worldwide. A pilot study was conducted in a Northern Norwegian fjord during winter, to assess the feasibility of using a minimally modified and affordable consumer drone to collect blow samples even during the polar nights’ challenging weather conditions. For each flight, six petri dishes were attached with velcro to a DJI Mavic 2 Pro. The flights were conducted under temperatures ranging from -1 to -18 degrees Celsius, wind speeds ranging from 9 to 31 km/h, and with the absence of the sun. During the 6-day-long boat survey, 16 blow samples were successfully collected from 11 distinct groups of humpback whales (Megaptera novaeangliae). With this study, we further validated the use of a consumer drone as a practical, affordable, and simplified tool for blow collection, functional under harsh meteorological conditions.
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1. Introduction


After the century-long modern whaling industry led to critical declines in many baleen whale populations across the planet, the International Whaling Commission (IWC) moratorium on commercial whaling came into effect in 1986, abolishing it in most countries and allowing population recoveries to begin [1,2]. Despite that, marine species habitat and health still continue to be under threat, now suffering with the effects of cumulative anthropogenic stressors and with the progressively higher pressures of a changing climate [3,4,5,6,7,8]. Being able to monitor whale health via non-invasive methods is, therefore, vital for continuing to manage the recovery of their populations. However, physiology studies on large whales are inherently challenging, due to the inability of capturing or restraining a live large whale and, owing to their pelagic nature, limited opportunities to sample them at the surface [9]. Thus, there is a need for the development, improvement, and standardization of non-invasive and cost-effective methods to measure free-ranging whales’ health.



In recent years, the collection of cetacean exhaled breath or “blow” samples has been raising interest as a promising tool for non-invasively examining cetacean health [10,11,12,13,14,15,16,17,18,19]. Exhaled breath, across species, is composed not only of volatile organic compounds (VOCs) but also of aerosol droplets that carry lung epithelial cells and compounds including proteins, lipids, oxidants and nucleic acids [20]. Some of these are related to processes taking place in the respiratory system and the airways in particular (respiratory biomarkers), while others reflect metabolic activity and the state of the organism, acting as convenient biomarkers for a wide range of systemic conditions [21]. In cetaceans, exhaled breath has been used for detection of hormones related to pregnancy or chronic stress [11,12,13,14,16,18,19], metabolomics [15], microbiological studies [10,22,23,24,25,26], genetic markers to determine sex, species, or individual identification [23,27] and have strong potential to be used for transcriptomic and gene expressions analysis [28]. Cetacean exhaled breath samples have been collected placing a surface over the stream of blow, such as petri dish, nylon gauze or a plastic sheet, either held directly over the blowhole, in the case of captive or restrained small cetaceans, or mounted on the end of a long pole when sampling in the wild [10,15,17]. Recently, the use of uncrewed aerial vehicles (UAVs), or drones, has risen as a valuable replacement for the sampling pole and has revolutionized the way these samples are collected from free-ranging cetaceans [17,22,23,24,26,29,30,31]. The use of a UAV allows not only for a larger distance to be kept from the boat to the individuals and for a faster and more efficient collection [17], but it also allows for the recording of the behavior of the individual during sampling [32], from a perspective hard or even impossible to obtain from a boat, and the measurement of its body condition using aerial photogrammetry [33,34,35].



However, while drones are becoming powerful tools for biodiversity studies and wildlife monitoring [36,37,38,39,40,41], there may be serious challenges for sampling in marine environments, namely humidity, sun flare, swell, and constant movement of the boat. Further, blow collection using drones is still in its infancy, and as a relatively novel procedure, questions persist about the most adequate equipment, collection protocols, and method limitations.



Thus far, different UAVs have been used for this purpose. Acevedo-Whitehouse et al. (2010) [17] used a radio-controlled 3-kg model helicopter; Pirotta et al. (2017) [26] used a custom-built quadopter; Apprill et al. (2017) [24] used an hexacopter drone; Raudino et al. (2019) [30] used a waterproof custom-built quadcopter drone. However, the high cost and expertise associated with purpose-built waterproof UASs, paired with the behavior impacts associated with the use of a larger drone when flown close to the surface of the water [42], can be prohibitive for the standardized use of this method. Atkinson et al. [23], under the research program SnotBot (https://whale.org/snotbot, accessed 29 August 2022), used two relatively small and minimally modified consumer drones (DJI Inspire 2 and DJI Mavic Pro) for the successful collection of blows from humpbacks whales (Megaptera novaeangliae) in the USA (Alaska and Massachusetts), Gabon and Dominican Republic, during the summer. Considering this is a cost-effective, easily reproductible, user-friendly and relatively low-noise method, it has a huge potential to be used as a standard for blow collection worldwide. However, there are specifically remote and logistically difficult habitats that can challenge it, especially for marine mammals that are permanent or temporarily found in cold and harsh arctic regions [43].



One such habitat is the Arctic region of northern Norway. Since 2010, a humpback whale feeding aggregation has been observed in some specific northern Norwegian fjords, driven by the presence of overwintering Norwegian spring spawning-herring (Clupea harengus) during the two-month polar night period [44]. North-Eastern Atlantic humpback whales breed during late winter and spring in tropical waters and feed at high arctic latitudes during summer and autumn in relatively remote regions in offshore waters [45]. Thus, when the whales started to aggregate close to the coast of northern Norway, this was presented as a unique occasion for the study and sampling of this population. Yet, the conditions in the Arctic during winter can be extreme, with temperatures dropping far below zero degrees Celsius, the absence of sun (polar nights) and often strong winds and swells.



Thus, the aim of the present study was to assess the feasibility of using an affordable, minimally modified and small-sized consumer drone during the polar nights’ challenging weather conditions to collect blow samples from humpback whales during this Norwegian winter-feeding aggregation.




2. Materials and Methods


2.1. Sampling Equipment


A minimally modified consumer drone, DJI Mavic 2 Pro (DJI, Shenzhen, Guangdong, China), equipped with a pair of foam floaters (STARTRC, Shenzhen, Guangdong, China was used throughout the study. Strips of Velcro (Velcro USA, Inc., Manchester, NH, USA) were glued to the top of the drone, front and frame of the floaters (Figure 1a). Before each flight, six closed sterilized petri dishes (Sterilin 50mm, Thermofisher, Waltham, MA, USA), with Velcro strips glued to the back (prepared beforehand) were attached to the drone. Care was taken to not place the petri dishes in any place that would interfere with flight, camera visual or path of propellers.



The drone was flown in manual mode, with “Forward and backward obstacle sensing” and “Downward vision positioning” options disabled. These sensors were disabled to allow the drone to fly close to the water and to allow a crew member to catch it, without automatically avoiding the obstacles. Two spare batteries, charging cables and a charging port were available in the research vessel during sampling. The drone was piloted by an experienced drone operator, but with no previous experience with cetacean blow sampling.




2.2. Sampling Method and Processing


During the last week of November 2021, a six-day pilot-study was conducted in the fjord of Kvænangen, that runs next to the village of Skjervøy, Northern Norway (70°02′1.64″ N, 20°58′25.14″ E).



The work was conducted on board a seven meters research vessel (Merry Fischer Marlin 795) from where members of the team visually scanned the area for humpback whales. Once an individual, or it’s blow, was detected, the vessel approached moving at moderate speed to minimize any behavioral impact of an approaching vessel [46]. The boat remained at a minimum of 300 m from the group at all times, unless the animals approached the boat, in which case the engines were switched off. The whale(s)’ behaviour, surface interval and respiratory rate were then observed from a distance, before deciding whether it was suitable to launch the drone for a sampling attempt. The decision depended on the whales having a regular surfacing interval and having more than two exhalations per each surfacing occasion. When sampling was decided, the petri dishes were opened and the drone was launched from the hands of a team member equipped with headwear and protective gloves, from the back of the research vessel. From the moment the petri dishes were opened, all the team members were using protective face masks. The drone pilot would then attempt to follow the whales at high altitude (20 m), directed by spotters on the vessel and with the aid of the live video from the UAVs camera. The drone would approach the whale from behind and descend to 0.5–3 meters during or immediately following an exhalation (Figure 1b), going back to high altitude immediately after collection. If more than one humpback was present, multiple blows from different individuals were collected in the same sample (group sampling). Multiple attempts were made while the whales kept at the surface or until drops of sample would be visible in the drones’ camera, marking a positive sample.



For each drone flight, a range of metadata was collected, including date, time, coordinates, environmental conditions (ambient temperature and mean wind speed), duration of the flight, group size, life stage of individuals (adult or calf), fluke photo-identification and sampling success or unsuccess. The video feed of the drone was recorded for each sampling.



Once a sample was collected or once the whales dove deeper, the drone was returned to the vessel and retrieved by a crew member. The sample from the petri dishes was then dry swabbed with one or more swabs (COPAN Diagnostics, Murrieta, California, USA), depending on the volume of the sample, until the petri dish appeared dry. Each swab was put in an individual tube with 2 mL of RNA later (Sigma-Aldrich, St. Louis, Missouri, USA), labeled and stored at room temperature until the return to the laboratory facilities where they were kept at −80 degrees Celsius. The drone was wiped with a cloth and hydrogen peroxide between sampling events.



Five negative controls were collected to account for environmental contamination, using the same methodology, but in the absence of any whales.





3. Results


During the six-day survey, we undertook a total of 34 flights. Of these, 16 flights were successful for the sampling of a total of 11 different groups of humpback whales, and five flights were correspondent to the collection of control samples (Figure 2; Table 1).



The length of the successful flights was on average 4.8 min, ranging between a minimum flight time of 2 min and a maximum of 14 min. One, two, or three attempts were made per humpback group.



The flights were conducted under temperatures ranging from −5 to −19 degrees Celsius, wind speeds ranging from 9 to 31 km/h and the absence of sun that led to low light conditions (civil twilight) that lasted for 5–6 hours.




4. Discussion


The remote nature and unstable weather conditions of polar research sites can present researchers with logistical challenges when using aerial techniques, especially during the winter. Nonetheless, with our results, we validate the use of a relatively low cost (less than 2000 USD) small consumer drone as an adaptable and simplified tool for large whale blow collection that is functional and practical even under the harsh meteorological conditions in northern Norway during late November. To our knowledge, this study is the first to successfully sample baleen whales’ exhaled breath at these northern latitudes during winter and polar night.



It is important that some characteristics be taken into account when choosing a UAV for the purpose of collecting cetacean blow samples. Cetaceans can react to drones in different ways depending on various factors, including the species being sampled, the environment, the drone’s proximity to the water surface, the model of the drone, and the pilot’s flying skills [31]. While reports of baleen whales (such as humpback whales) reacting to drones are more unusual than for other species, such as toothed whales, behavioral reactions have been previously linked to situations where the drone was flying in front of the individual’s head [47,48]. Further, during this study, due to strong winds that would carry the blow sideways instead of upwards, we found, at times, the necessity to fly very close to the surface of the water (approximately 1 meter altitude or less). This proximity can potentially lead to a higher disturbance of the animal, if we are to compare it to photogrammetry studies, where the UAV is maintained at a higher altitude (more than 10 meters). Considering this, we decided to use a drone model of a small size (the DJI Mavic Pro 2), as smaller drones are reported to cause less noise disturbance [42,47]. Nonetheless, regardless of the size of the drone chosen, we believe this method causes considerably less disturbance than the alternative blow collection method using a long pole, as it allows the boat, and the associated motor noise, to keep at a greater distance from the animal. Choosing a small-sized UAV can also bring the researcher additional benefits, as it is portable and light enough to be easily transported to the field and in a boat by only one person, besides being easily and safely launchable and retrievable by someone standing on the vessel’s deck. A smaller-sized drone also tends to be less expensive, which makes this protocol more widely reproducible globally, as it can be afforded by more groups, and also allows for a less problematic replacement in the event of a crash or malfunction. Under the research program Snotbot, this drone model and similar ones (e.g., Phantom and Inspire) have been used for different field work locations throughout the years [23]. Thus, even if the wear associated with flying this drone under challenging weather conditions can diminish its maximum lifespan, we still believe it is a cost-effective choice for blow sampling throughout different seasons.



Other characteristic of this model that proved to be of great advantage during sampling was the fact that it is user-friendly and operable with minimal training. Our drone operator had no previous experience with blow sampling or with flying at such a low altitude over water, but within a few days the sampling success improved notably, even while the weather conditions worsened throughout the week. This model proved able to withstand a wide range of environmental conditions, such as wind, humidity, low light, and low temperatures. Using the present method, we found it acceptable to fly under all the different weather conditions we encountered in the field, including temperatures ranging from −1 to −18 degrees Celsius, wind speeds ranging from 9 to 31 km/h, and absence of direct sunlight. However, it is important to keep in mind that the presence of rain would be a limiting factor for flying a drone to collect blow samples.



A smaller sized drone, such as the model we used can, on the other hand, also present some disadvantages during challenging weather, since the lighter weight can make it less stable at higher wind speeds and more difficult to maneuver. Together with increased swell and high speed winds can make the hand launch and recovery of a smaller and less stable drone somewhat more difficult. In our experience, the most difficult sections of all our flights were presented during the launching and retrieving of the drone, as during this time there is a higher likelihood of a crash against the boat. During the sampling itself, we found the likelihood of crashing quite low, as long as there is a spotter on the boat maintaining permanent eye contact with the drone and as long as the lowering of the drone is performed relatively slowly under 3 meters of altitude. However, since the propellers are much less powerful than those of a larger UAV, we still believe this is a safe drone to handle during landing, even under difficult wind conditions. As mentioned before, higher wind speeds will also lead to the blow being swept to the side instead of upwards. In this situation, it is important that the drone pilot is able to position the drone sideways and behind the whale’s blowhole, in the direction of the wind, to maximize the chance of a successful sampling.



Other contributing factors that can impact a successful sampling event are the battery life-time and a correct assessment of the best time to launch the drone. In fact, all the unsuccessful flights of the present study were due to the drone not reaching the individuals in time before their dive. This happened either because the individuals surfaced at a larger distance from the boat than expected or because their surfacing times were not correctly assessed. Thus, having spotters in the boat, assessing whale behavior, and surfacing and diving intervals, led to the ability to choose the best time to launch, improved sampling efficiency, and minimized flight times. In our experience, the best time to launch proved to be one to two minutes before the whales’ expected re-surfacing. The drone model used is described to have a maximum battery life of 31 minutes, which is expected to be lowered substantially in cold environments. Nonetheless, considering that our flights ranged from 1 minute to a maximum of 12 minutes, with an average of 4.8 minutes, we found that the battery life was enough for one sampling attempt followed by a safe and non-rushed retrieving of the drone back to the boat (battery higher that 30%). However, we would not recommend attempting more than one flight per battery, being essential to have spare charged batteries, kept warm at all times, and the capability of charging them between flights. During sampling, it was also very important to have a team member call out the height of the drone to the pilot, since the altimeter of the drone is unreliable over the water. For the same fact, it is important to keep in mind that the method described here should only be used for photogrammetry studies with the addition of a laser or radar altimeter to the drone. The placement of the petri dishes is also a factor to consider, as the propeller movement of the drone model concentrated most of the sample on the top of it. Therefore, the placement of two petri dishes on the top of the drone is recommended, with the addition of two frontal and two bottom petri dishes to maximize the amount of sample collected.



Finally, this model is also capable of collecting live footage, not only allowing for a first-person view in real time, which allows the boat to keep greater distance from the whales, but also allows for the collection of very useful footage for later determine how many exhales are represented in a sample, if there is a chance of a mixed sample (i.e., if a second animal seems close), account for behavioral reactions that were missed from the boat and give additional data on body condition. This footage can also be used to identify repeated samples from a single individual by observing specific markings on an animal’s back and complementing photo ID data.



Blow samples have previously been collected for the study of a range of different health metrics and used for the successful extraction of hormones [11,12,13,14,16,18,19], DNA [23,24,27], and RNA [22,28]. While, our blow collection methodology has the potential to be used for all these different purposes, it is important to keep in mind that the sample storage method might need to be adapted depending on the aim of the research. Additionally, the collection of control samples from both air and saltwater is recommended, especially for microbiological and hormonal studies. Furthermore, for our study, we did not target individual animals and we were interested in group sampling. If samples from individual whales are required, we would recommend the sampling of isolated individuals, surfacing alone, as it is very challenging to avoid contamination of other individual’s blows when the drone is sampling in the middle of a group.



Our study shows that it is feasible to use a small minimally modified consumer drone to collect blow samples from free-ranging large whales in conditions that in the past might have been seen as too challenging due to the cost, the remote location, or the weather, such as the ones found during polar nights in northern latitudes. The creation of cost effective, non-invasive, and uncomplicated sampling techniques that any researcher, anywhere in the world, can have access to, are essential to allow for the establishment of long-term, standardized cetacean health surveillance programs. These programs are vital for collecting baseline data which can then enable monitoring the health of populations and to provide an early warning system for potential future changes. Ultimately, this data collected will be critical for understanding how large whale populations will respond to progressively higher anthropogenic changes in the marine and Arctic ecosystems in the future.
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Figure 1. (a) The drone model used in this study, a DJI Mavic Pro 2, with a pair of foam floaters and six petri dishes attached; (b) the drone (red circle) in position for the collection of a blow sample from a humpback whale. 
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Figure 2. Map of the study area and tracks of successful (green), unsuccessful (red), and control flights (yellow). 
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Table 1. Drone flights undertaken at Kvænangen fjord between 23rd and 28th November 2021 for the collection of humpback whale blow samples. CV= civil twilight; T °C = minimum and maximum ambient temperature.
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Day

	
Flight

	
Start

	
Total

	
Successful/ Unsuccessful

	
Group ID

	
Group Size (Indiv. Sampled)

	
Hours of Light

	
T °C

	
Wind (km/h)






	
23 November 2021

	
1

	
10 h 06

	
4 min

	
Unsuccessful

	
-

	
-

	
1 h 32 of daylength (6 h 05 of CV)

	
−5/−6 °C

	
21–26 km/h




	
2

	
10 h 17

	
5 min

	
Unsuccessful

	
-

	
-




	
3

	
10 h 28

	
1 min

	
Unsuccessful

	
-

	
-




	
24 November 2021

	
5

	
12 h 29

	
12 min

	
Unsuccessful

	
-

	
-

	
1 h 02 of day length (5 h 58 of CV)

	
−1/−8 °C

	
9–19 km/h




	
25 November 2021

	
6

	
08 h 02

	
4 min

	
Unsuccessful

	
-

	
-

	
Sundown all day (5 h 52 of CV)

	
−8/−11 °C

	
24–27 km/h




	
7

	
08 h 09

	
5 min

	
Successful

	
Group 1

	
4 (2)




	
8

	
08 h 38

	
5 min

	
Control

	
-

	
-




	
9

	
09 h 12

	
5 min

	
Successful

	
Group 2

	
5 (3)




	
10

	
9 h 38

	
3 min

	
Unsuccessful

	
-

	
-




	
11

	
09 h 49

	
3 min

	
Unsuccessful

	
-

	
-




	
12

	
09 h 53

	
6 min

	
Successful

	
Group 3

	
12–14 (2)




	
13

	
10 h 09

	
4 min

	
Successful




	
14

	
10 h 51

	
2 min

	
Unsuccessful

	
-

	
-




	
15

	
11 h 26

	
4 min

	
Successful

	
Group 4

	
6–8 (3)




	
16

	
11 h 47

	
8 min

	
Control

	
-

	
-




	
17

	
12 h 06

	
13 min

	
Unsuccessful

	
-

	
-




	
26 November 2021

	
18

	
08 h 07

	
2 min

	
Unsuccessful

	
-

	
-

	
Sundown all day (5 h 45 of CV)

	
−8/−9 °C

	
21 km/h




	
19

	
08 h 22

	
3 min

	
Successful

	
Group 5

	
4 (1)




	
20

	
08 h 52

	
4 min

	
Successful

	
Group 6

	
3 (1)




	
21

	
09 h 54

	
4 min

	
Successful




	
22

	
10 h 43

	
2 min

	
Unsuccessful

	
-

	
-




	
23

	
11 h 52

	
4 min

	
Successful

	
Group 7

	
5 (3)




	
24

	
12 h 03

	
5 min

	
Successful




	
25

	
12 h 17

	
3 min

	
Successful




	
26

	
12 h 30

	
5 min

	
Control

	
-

	
-




	
27 November 2021

	
27

	
10 h 06

	
9 min

	
Successful

	
Group 8

	
2 (2)

	
Sundown all day (5 h 38 of CV)

	
−7/−9 °C

	
17–30 km/h




	
28

	
10 h 43

	
14 min

	
Successful




	
29

	
11 h 51

	
2 min

	
Successful

	
Group 9

	
6 (3)




	
30

	
11 h 53

	
4 min

	
Unsuccessful

	
-

	
-




	
31

	
12 h 21

	
2 min

	
Successful

	
Group 10

	
2 (1)




	
32

	
12 h 41

	
6 min

	
Control

	
-

	
-




	
28 November 2021

	
33

	
11 h 20

	
3 min

	
Control

	
-

	
-

	
Sundown all day (5 h 32 of CV)

	
−1/−18 °C

	
31 km/h




	
34

	
11 h 30

	
4 min

	
Successful

	
Group 11

	
6–7 (2)
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