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ABSTRACT 

Implanted or anchored telemetry devices are valuable tools in cetacean research, especially for 
species whose habitats and ranging patterns limit the collection of movement and behavioural data 
by less invasive methods. In this study, 130 Low‐Impact Minimally Percutaneous External Transmitter 
(LIMPET) tags were deployed on Cuvier’s beaked whales and fin whales. LIMPET tags are small Type 
A (anchored) tags which are remotely deployed and secured on or near the dorsal fin using medical‐
grade titanium darts. They transmitted data via satellite for weeks to months (mean = 34 days, range 
1–239 days). Most of these tagged whales (n = 123) were photo‐identified at deployment. Sixty‐
one were photographed after tag loss, with the proportion of the resighted tagged whales meeting 
or exceeding the inter‐annual resighting rates of their populations. Thirty‐seven resighted whales 
(16 fin and 21 beaked) had adequate quality photos of the attachment site for visual assessment of 
healing on at least one day, over periods from 1–4,779 days (13.1 years) after the end of tag 
transmission. Most tag sites had resolved as one or two small (< 2 cm) marks or shallow depressions 
within 2–3 years. LIMPET tags placed outside the dorsal fin (n = 34) had significantly shorter 
transmission durations but were not associated with larger residual marks. Swelling, a notable 
concern in other tag follow‐up studies, was observed in five whales, three of which were sighted 
with retained darts that had separated from the external tag package. It took 2–4 years to shed 
these retained darts. In two cases, the darts appear to have migrated through the fin and exited on 
the contralateral side. Retention petals from LIMPET tag darts may be left behind; if so, results 
suggest they are likely encapsulated or ejected without leaving a visible mark. These findings suggest 
that LIMPET tags are generally a safe and effective option for collecting extended movement and 
behavioral data from these and similar species. 
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INTRODUCTION 
Invasive tags have become an invaluable tool in cetacean research, enabling remote data collection from species 
whose distribution or behaviour limits visual observation of individuals (Andrews et al., 2019). The earliest of 
these devices were relatively large, and, as such, took two forms depending on the intended target species: 
implantable tags with electronics consolidated into a single piercing anchor and remotely deployed on large 
baleen whales (e.g., Mate et al., 2007: hereafter referred to as ‘Type C’ [consolidated]; see Andrews et al., 2019 
for complete descriptions of invasive tag types), and external packages with one or more piercing anchors that 
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were bolted to the dorsal fin or dorsal ridge of smaller cetaceans under restraint (hereafter referred to as ‘Type 
B’ [bolt‐on], e.g., Geertsen et al., 2004; Heide‐Jørgensen et al., 2017; Burek‐Huntington et al., 2022). Despite 
some controversy (Hammerschlag et al., 2014; Félix & Van Waerebeek, 2021; Papastavrou & Ryan, 2023), these 
tags provided critical data from challenging populations, driving demand for devices suitable for species that are 
too small to safely deploy Type C tags on but too large to be restrained for Type B tags. The solution was a version 
of an anchored tag (hereafter referred to as ‘Type A’), consisting of a small electronics package that is attached 
to the exterior body surface via one or two barbed darts, which penetrate the dermis and anchor in the blubber 
layer (Andrews et al., 2008). Perhaps the most widely used cetacean Type A tag has been the Low‐Impact 
Minimally Percutaneous External Transmitter (LIMPET) tag (Wildlife Computers, Redmond, WA.). The LIMPET 
tag, designed to minimise drag and tissue disruption while maximising data collection, can be remotely deployed 
on the dorsal fin or dorsal ridge of a wide range of cetacean species using a crossbow or air rifle, obviating the 
need for capture (Andrews et al., 2015). First commercially available in 2006, the LIMPET tag has been 
continuously improved and deployed on individuals from at least 30 cetacean species, ranging in size from 
common dolphins (Delphinus spp.) (Baird et al., 2015) to blue (Balaenoptera musculus musculus) (Lesage et al., 
2017) and fin whales (Balaenoptera physalus) (Keen et al., 2019). LIMPET tags are shed either by being dislodged 
through contact with other whales or inanimate objects, or by the gradual out‐migration of the darts due to 
water flow forces and the immune system’s foreign body response (Andrews et al., 2015). This single‐use tag 
transmits the entirety of its data via satellite and is not recovered. 

The Best Practice Guidelines for Cetacean Tagging (Andrews et al., 2019) emphasises that post‐tagging 
monitoring is an essential element of responsible tag use, especially for invasive tags that may pose greater risk, 
and that the effect of tagging on individual health should be evaluated post‐deployment whenever possible. 
Several studies have characterised the effects of Type B (e.g., Geertsen et al., 2004; Sonne et al., 2012; Wells, 
2012; Heide‐Jørgensen et al., 2017; Burek‐Huntington et al., 2022) and Type C tags (e.g., Robbins et al., 2013, 
2016; Best et al., 2015; Gendron et al., 2015; Guzman & Capella, 2017; Norman et al., 2017a; Gulland et al., 
2024) through photographic assessment or post‐mortem examination of previously tagged individuals. These 
studies have reported tissue damage, swelling and depressions over timescales ranging from days to years after 
tag loss, particularly with some earlier tag designs. A primary impetus in developing the LIMPET tag was to 
minimise impacts on the animal (Andrews et al., 2005). However, despite extensive use, follow‐up studies of 
LIMPET tag attachments are limited to date (Hanson et al., 2008; Andrews et al., 2015). LIMPET tag deployments 
generally do not cause significant tissue damage, swelling or depressions (Hanson et al., 2008), and the value of 
the data collected likely outweighs potential risks, particularly in populations exposed to intense levels of 
anthropogenic pressures. However, any device that penetrates the skin carries inherent risk. A fatal systemic 
infection in a killer whale was linked to LIMPET tagging, likely due to the transference of fungal spores from the 
skin to the blood vessels by the implanted tag darts (Raverty & Ford, 2016; Huggins et al., 2020). Although this 
is the only documented case of a direct LIMPET tag‐associated mortality, it highlights the need for thorough  
post‐deployment monitoring via resighting photos and videos whenever feasible. 

Since 2008, we have deployed LIMPET tags on fin whales and Cuvier’s beaked whales (Ziphius cavirostris) off 
the west coast of the United States, and on Cuvier’s beaked whales at Isla Guadalupe, México, since 2018. These 
tagging projects are part of a long‐term, comprehensive marine mammal monitoring programme to describe 
the local populations, understand ranging patterns and behaviour, and assess the impacts of military exercises 
on cetaceans in and around the US Navy’s Southern California Offshore Range area (e.g., Schorr et al., 2014; 
Scales et al., 2017; Falcone et al., 2017, 2022; Curtis et al., 2020). Beaked whale research at Isla Guadalupe, a 
biosphere reserve within Mexico with very limited anthropogenic activity, was established as a comparative study 
site for the heavily impacted population off Southern California (Cárdenas‐Hinojosa et al., 2015). Individuals in 
these populations have predominantly offshore distributions, and, though they may range broadly, they often 
occur within inaccessible areas where, in the case of Southern California, they are exposed to elevated levels of 
anthropogenic activity (Schorr et al., 2022). Invasive tags are the only viable method for medium to long‐term 
tracking of individual whales in these studies, which are regularly exposed to stressors, such as military sonar 
and shipping traffic, in their preferred habitat. These tracking data can be used for assessing behavioural 
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responses to these stressors, data that are essential for determining potential population‐level impacts of 
recurrent exposure (Falcone et al., 2017; Keen et al., 2019). Here we use long‐term photographic resighting data 
from these research programmes to visually evaluate the effects of LIMPET tag deployments on these two species 
over time. 

METHODS 
Type A LIMPET tags were deployed on fin and Cuvier’s beaked whales from 2008–2022, using four tag types 
(each representing different sensor configurations) and 15 different tag models (Table 1), with most of the 
variation between models consisting of small changes in shape and size of the external electronics package. The 
retention dart designs also evolved over time, including minor changes to the threaded connection between the 
dart and tag, making this connection more robust, and to the manufacturing process. In all cases, the portion of 
the dart shaft extending below the electronics package was approximately 6.7 cm long x 0.04 cm in diameter at 
the shaft, with six welded retention petals that radiated out near the distal end of the shaft to a total diameter 
of 2.4 cm. All parts of the darts and petals were constructed from titanium Ti‐6Al‐4V (Grade 5, or ‘medical‐grade’). 
Upon insertion into the target tissue, the petals compress against the dart shaft, resulting in an entry wound 
approximately 1 cm in diameter for each of the two darts. 
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The target for LIMPET tag placement was on or near the dorsal fin, where anchoring in dense connective 
tissue improves tag retention (Fig. 1). All deployments adhered to the Best Practice Guidelines for Cetacean 
Tagging (Andrews et al., 2019), with the exception of early modifications to dart disinfection and sterilisation 
procedures implemented during this study (Andrews et al., 2019). Between 2008–2010, the darts were 
thoroughly cleaned and then disinfected by soaking in 70% isopropyl alcohol for a minimum of 12 hours. 
Disinfection with 70% isopropanol is bactericidal, tuberculocidal, fungicidal and virucidal, but it does not destroy 
bacterial spores (Rutala et al., 2008). Therefore, after 2010, we switched to full sterilisation of the darts via gas 
sterilisation with ethylene oxide. All tags were deployed remotely from 6–7 m long research vessels using a  
13 mm bore Dan‐Inject CO2 rifle at 25 bars pressure, from distances of 4–22 m (mean = 10 m). Still photographs 
and videos from cameras mounted on the rifle barrel and/or the tagger’s helmet were taken during deployment 
with few exceptions. Additional still photos of each side of the whale were also taken post‐deployment, when 
possible, to thoroughly document tag attachment. 

Following each field effort during which tags were deployed, all imagery was reviewed to select the best 
representative images of each tagged whale before, during and immediately after deployment. These images 
were reviewed to document tag placement (Fig. 2, roughly following zones in Moore & Zerbini [2017]), flushness, 



and the number of darts implanted. For dorsal fin deployments, the number of darts that fully penetrated the 
fin and were visible from the contralateral side was also documented when possible. With respect to tag 
placement, if a tag straddled the line separating zones 1 and 3, it was assigned to zone 1; where a tag straddled 
a vertical zone divisor, the tag was assigned to the zone that was not under the dorsal fin; and where a tag 
straddled the lower horizontal divisor, it was assigned to the more ventral zone. Transmission duration was 
calculated as the number of days from the tag deployment to the date when the final transmission was received. 
A generalised linear model (GLM) with Gaussian distribution (R Core Team, 2024) was used to compare 
transmission durations (log transformed to adjust for right skewness in the data, Fig. 3A) as a function of species, 
number of darts implanted and attachment zone.  

The best identifying images of each tagged whale were then aggregated with a collection of identification 
photos from the same species and region each year to determine the whale’s identity, following processes 
described in Falcone et al. (2022) for fin whales and in Falcone et al. (2009) and Curtis et al. (2020) for Cuvier’s 
beaked whales. Following each complete year of identification image processing, all sightings of concurrently  
or previously tagged individuals were reviewed to select a suite of representative photos of the tag site for  
follow‐up assessment. Each image was scored for three quality factors (Table 2). 

Throughout this study, the same two experienced analysts reviewed the suite of images for each whale on 
each date to assess the condition of the tag attachment (if present), or the dart insertion sites (if shed). The 
tissue surrounding the attachment site on both the tagged and the contralateral sides were scored for up to six 
tag site characteristics (Tables 3–5). This was adapted from tag follow‐up assessment recommendations in the 
Best Practice Guidelines for Cetacean Tagging (Andrews et al., 2019).  
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Figure 1. Illustration of the basic LIMPET tag design with dart 
dimensions (left), and ideal placement with respect to underlying 
tissues as seen in the sagittal section of a generalised odontocete 
whale at the level of the dorsal fin (right; modified from Andrews 
et al. [2019] with assistance from Uko Gorter).  



Skin lesions, i.e., areas of the skin at and near the tag site that visibly differed from the surrounding skin, were 
referred to as ‘marks’ and include both wounds and residual scarring or defects likely to have been associated 
with the tag (as opposed to other types of common natural marks). Photographic examples of the mark types 
found in this study can be found in Table 4.  

‘Mark Count’ refers to the total number of visible marks associated with the tag attachment. For example, a 
typical LIMPET tag deployment with both darts attached leaves two discrete visible marks spaced approximately 
4.2 cm apart. Marks were categorised into a set of common ‘Mark Shapes’; if there were multiple shape types 
or shapes not represented by the common categories, marks were scored as ‘Complex’. ‘Mark Size’ was based 
on the largest visible mark and could usually be visually estimated and assigned to one of three size categories 
based on the known distance between the dart insertion points. However, in cases where a more precise 
measurement was necessary and marks were visible at both dart sites, the distance between the centres of both 
insertion points was measured in ImageJ (Rasband, 1997) and used as a reference to measure other features of 
interest in the image. Regions of swelling or depression at the tag site were categorised using the same method 
as the Mark Size. ‘Tissue’ condition scores reflected whether tagging wounds were closed or not, and the 
presence or absence of ‘Exudate’ was recorded, with the understanding that this would be difficult to detect in 
free‐ranging cetaceans due to constant water flushing and photographic distances. Finally, tag breakage is possible 
if a tagged whale makes forceful contact with another individual, the substrate or objects in the environment. 
This creates the potential for darts, petals or tag fragments to remain attached to the whale beyond the 
transmission period, and any observations of retained hardware at the tag site were noted. If an analyst did not 
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feel a factor could be scored accurately with the available images, they assigned the factor a ‘ND’ (Not 
Determinable) score for that date. 

After reviewing images from all sighting dates, analysts compared scores to identify any disagreements. The 
analysts then reviewed these scores together to reach a consensus. The final dataset included all daily tag site 
factor scores that were not assigned a ‘ND’ and both agreed on the score. Daily tag site factor scores were 
associated with the days since the last transmission, serving as a proxy for time since tag release, with the 
understanding that in some cases this might be an overestimate (e.g., if the tag ceased transmitting prior to 
being shed). Tag site scores where the days since the last transmission was > 0 were used to assess healing 
progression. The final tag deployments considered for follow‐up occurred in 2022, while resightings were 
considered through 2023.  

RESULTS 
A total of 130 LIMPET tags were deployed from 2008–2022 (Table 1), of which 124 transmitted for at least one 
day. Of these 124 tags, there were 76 tags deployed on fin whales with transmission durations ranging from  
1–239 days (median 19.7, mean 35.4, st. dev. 48.0) and 48 tags deployed on Cuvier’s beaked whales with 
transmission duration ranging from 2–121 days (median 24.5, mean 32.7, st. dev. 25.7) (Fig. 3A). Ninety‐three 
tags were placed on the dorsal fin (Zone 1, 92% of fin whale and 48% of beaked whale deployments), 16 placed 
immediately below the dorsal fin (Zone 3, 7% of fin whale and 23% of beaked whale deployments), and 15 tags 
in Zones 2, 4, 6 or 7 (1% of fin whales and 29% of beaked whales) (Fig. 2). No tags were placed within Zone 5 
(Fig. 2). A GLM analysis showed that transmission duration was significantly longer for Cuvier’s beaked whales 
than fin whales (estimated coefficient 2.332, std. error 0.211, p = 0.008), for tags attached to the dorsal fin (Zone 
1) versus the body (Zones 2–7; estimated coefficient –0.741, std. error 0.239, p = 0.002), and for tags with two 
darts implanted versus one (estimated coefficient 0.726, std. error 0.304, p = 0.018) (Fig. 3B). 

Of the 130 tags deployed, seven were placed on whales with insufficient quality identification photographs 
to be assigned a catalog ID (either via match to a known individual in the catalogue or being added as a new 
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individual in the tagging year) and therefore could not be resighted, leaving 123 tagged whales that could be 
identified post‐deployment. Of these, 61 whales were photographed one or more times following tag loss, 
resulting in 284 sightings of 32 tagged fin whales (43% of tags on this species) and 238 sightings of 29 Cuvier’s 
beaked whales (59% of tags on this species). Individual whales were photographed on up to 75 different dates 
post tag loss (mean = 9, median = 3) with follow‐up spans up to 4,779 days (13.1 years) since the last transmission 
was received from the tag (mean = 1,649 days or 4.5 years, median = 1,522 days or 4.2 years). 

Residual marks were typically very small, which limited the sample of resightings for follow‐up assessment to 
those with sufficient quality images to reliably see subtle marks. Only 37 tagged whales (16 fin and 21 beaked 
whales) could be reliably evaluated on at least one date post tag loss; of these, 34 (92%) had at least one residual 
mark at the tag site (14 fin and 19 Cuvier’s beaked whales). Most tag sites had focal marks at the dart insertions 
(n = 24, 65%), followed by complex marks (n = 9, 24%), notches (n = 2, 5%), holes (n = 1, 3%) and linear marks  
(n = 1, 3%). Complex marks typically consisted of a focal mark plus a notch or a hole for dorsal fin attachments 
near the leading or trailing edges. Five deployments (11%), two on fin whales and three on beaked whales, 
displayed no visible marks as of the most recent sighting of the whale. Examples of all mark types are in Table 4. 
The shortest period from the last tag transmission to a resighting with no visible marks was 706 days (1.9 years). 
Two of these cases were sighted with residual marks prior to visibly resolving. These were both beaked whales: 
one was first sighted with focal marks at 1,080 days (3.0 years), then without visible marks at 2,549 days  
(7.0 years); the second with focal marks five days post tag release, a complex mark at 693 days (1.9 years) post 
tag release, and apparent resolution of marks by 1,864 days (5.1 years). It should be noted that both beaked 
whales experienced natural pigmentation loss as they matured, potentially rendering residual depigmented 
marks from the tag indistinguishable against their paling skin, rather than completely resolving. In addition, two 
fin whale deployments changed from one mark type to another over time. One had a complex mark at 55 days 
consisting of an irregular, oblong depigmented area surrounding a retained dart in the dorsal fin, which became 
a single focal mark at 856 days (2.3 years). Another fin whale had a complex mark at 337 days consisting of a 
focal mark combined with a hole, which resolved to a single hole in the fin at 1,407 days (3.9 years).  

In the majority of the 37 deployments with follow‐up assessments, there were two or fewer discrete marks 
at the tag site in at least one post‐deployment sighting (n = 34, 92%). Three (8%) deployments were observed 
with three marks at the tag site, all of which were beaked whales. In 21 (57%) of these deployments, the largest 
dimension of any mark was < 2 cm. In 15 (41%), at least one mark was 2–5 cm, and three deployments (8%) 
were observed with at least one mark > 5 cm. Beaked whales were more likely to be observed with marks  
> 2 cm than fin whales (62% versus 19%). In general, mark size decreased as a function of the number of days 
since the last transmission (Fig. 4A). However, two deployments were observed with 2–5 cm marks within two 
weeks of tag loss (at 5 and 13 days after transmissions ceased), which increased to > 5 cm marks (at 693 and 314 
days, respectively). However, at 1,028 days (2.8 years), the marks were reduced to < 2 cm for one of the whales.  

Swellings and open wounds were uncommon regardless of how long after the end of transmission the whale 
was observed (Fig. 4). These reactions were observed in five whales each (less than 15% of resighted individuals), 
with swellings observed in three fin and two beaked whales, and open wounds in one fin and four beaked whales. 
Depressions were observed in 50% of cases, with equal frequency in fin and beaked whales. Swellings and 
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Figure 2. Tag placement zones, with number of deployments per 
zone indicated.
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Figure 3. Tag transmission durations: (A) The distribution of transmission duration for 123 LIMPET tags that transmitted for at least one 
day, 2008–2022, by species; (B) Prediction plots based on a GLM, with the mean and 95% confidence intervals of transmission duration, 
as a function of species (Bp = fin whale, Zc = Cuvier’s beaked whale), number of darts implanted, and attachment location. For the creation 
of these plots, values of other significant predictors were fixed as described at the top of each plot. 



depressions were rarely > 2 cm in diameter if present, and none exceeded 5 cm (Figs. 4B and 4C). Representative 
examples of the swellings, depressions and tissue scores found in this study are in Table 5. The size distributions 
of marks, swellings and depressions at the final resighting did not differ between tags attached to the dorsal fin 
and those attached to the dorsal body surface, though small sample sizes may limit our statistical power to detect 
a difference (Table 6). Five whales were observed with small open wounds that had not re‐epithelialised when 
observed at 5, 13, 29, 55 and 1,137 days after the last tag transmission. All five of those whales were later 
photographed with re‐epithelialised wounds at 171, 902, 487, 856 and 3,638 days, respectively. No whales were 
resighted with visible exudate at the tag site.  
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Figure 4. The size classes of (A) marks, (B) swellings and (C) depressions at the tag site as a function of days 
since the last transmission was received from the tag. Larger marks, swellings and depressions were uncommon 
and tended to be observed earlier in the post‐tag history. Boxes represent median and interquartile range, 
with the median as a line and the mean marked with ‘x’. Numbers are sample sizes of observations in each 
class size. Number of days is the first post‐transmission observation in the given size class for tags with multiple 
resightings. Individual whales may be counted in more than one class if their mark changed size over the 
sighting history.  



Two of the five whales with open wounds were among three cases where mechanical failure post‐deployment 
caused the tag body to separate from the darts, leaving one or more darts visibly protruding at a later sighting 
without the tag attached (Table 7). This included the first Cuvier’s beaked whale tagged in 2008 (20080803‐Zc), 
one of five early deployments using the initial LIMPET tag and dart model, and the longest beaked whale 
deployment at 121 days. Tagged in Zone 3, immediately below the dorsal fin, this whale was first resighted 1,137 
days (3.1 years) after transmissions ceased, with the tag shed, but the proximal ends of both darts still visibly 
protruding. The more dorsal of the two darts was barely visible above the skin, suggesting either the dart shaft 
had broken off near skin level or the intact dart had migrated into the whale after it separated from the tag body. 
The other dart was protruding approximately 3.2 cm above the skin (1.4 cm of threads and 1.8 cm of visible 
shaft) with the tips of the retention petals likely within 1 cm of the skin surface (Table 7). There was localised 
swelling (score of ‘1’) and loss of epithelial tissue (score of ‘2’), particularly surrounding the protruding dart. The 
next sighting occurred 1,759 days later (7.9 years after transmissions ceased). While the images were of 
insufficient quality to confidently assess tissue condition or swelling (Table 7) neither dart was visible. A faint, 
depigmented area < 2 cm in diameter was visible at the dorsal dart site and there was a 2–5 cm depigmented 
area at the ventral dart site. The final sighting of this whale occurred 3,638 days (10.0 years) after transmissions 
ceased, and while the images were also suboptimal for assessment of tissue condition and the size of swellings 
or depressions, no darts were visible, the upper mark was less evident than in the previous sighting, and the 
lower mark was partially repigmented (Table 7).  

The other two whales sighted with retained darts were both cases where a single dart remained in the dorsal 
fin after the loss of the tag electronics package. In both cases, the retained dart fully penetrated the dorsal fin 
on deployment and was visible on both sides. The first of these cases was a 23‐day deployment on a fin whale 
in 2013 (20130116‐Bp in Table 7). The whale was sighted three days after the tag ceased transmitting with the 
dart tip, and possibly retention petals, protruding from the contralateral side, but the tagged side was not 
observed (Table 7). The whale was next photographed 55 days after transmission ceased, this time from the tag 
attachment side only, with the dart shaft visibly protruding. The final sighting 20130116‐Bp was 856 days  
(2.3 years) post‐transmission; the whale was only photographed from the tag side, and the dart was no longer 
visible, but there was a small, repigmented swelling (score of ‘1’) at the dart insertion site (Table 7). The last case 
with a retained dart was a 60‐day deployment on a Cuvier’s beaked whale from Isla Guadalupe in 2019 
(20190916‐Zc, Table 7). This whale was first resighted 342 days after the end of transmission. Photographs on 
the tagged side were very low quality but suggested slight swelling, less pronounced on the contralateral side, 
which had a confirmed swelling score of ‘2’, along with depigmentation at both dart sites on both sides of the 
fin, particularly at the more dorsal dart site. The next sighting, at 644 days (1.8 years), provided better quality 
images and revealed that the more dorsal of the darts was embedded in the fin, with roughly equal lengths of 
the dart protruding from both sides, as documented from behind. 20190916‐Zc was then sighted 44 days later, 
the dart now clearly protruding further from the contralateral side than the tag side, suggesting it was migrating 
forward along its trajectory across the fin, rather than backing out. The dart was shed, and the whale was sighted 
five times from 919 to 1,366 days (2.5–3.7 years) post transmission. Although images were predominantly low 
quality during this period, the dart wound appeared to be present but with reduced swelling on the tagged side 
and a depigmented depression of similar size on the contralateral side at its final sighting, although confirmation 
was limited by image quality. 
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Twenty‐seven whales had at least one post‐tag release resighting with adequate quality images to evaluate 
the contralateral tag site. Twelve whales had at least one residual mark on the contralateral side; all of these 
were dorsal fin attachments. In all but two of these cases, one or both darts were known to have fully penetrated 
the fin at the time of deployment, the others were not photographed from the contralateral side to confirm the 
level of dart penetration. The remaining 15 of these tags had no residual marks on the contralateral side of the 
deployment, including three tags attached to the dorsal fin and twelve that were attached below the fin. Most 
residual marks on the contralateral side were small (< 2 cm) focal marks. However, three of these deployments 
resulted in notches in the leading or trailing edge of the fin, one of which began as a hole very near the trailing 
edge that ultimately evolved into a notch. One tag left a visible hole through the fin at the whale’s most recent 
sighting 3,097 days (8.5 years) after the last transmission. 

DISCUSSION 
Implanted or anchored telemetry devices are increasingly important cetacean research tools, particularly for 
species like the beaked and fin whales in this study whose preferred habitat or ranging patterns limit data 
collection by other means. In these populations, limited opportunities to collect individual sighting histories 
necessitate the use of tags capable of remaining attached for days to months to help define conservation units, 
identify critical habitat and estimate impacts, such as exposure to MFA sonar and risk of vessel collision  
(e.g., Falcone et al., 2017; Scales et al., 2017; Keen et al., 2019). But the same sparse sighting histories complicate 
the follow‐up assessments that should be conducted after the use of anchored or implantable tags. Despite this 
challenge, with conscious effort to photo‐identify whales upon deployment (89% of fin whales and 100% of 
beaked whales in this study were photo‐identified and could be reliably identified in the future), 43% of fin 
whales tagged off Southern California, 35% of beaked whales tagged of Southern California, and 95% of beaked 
whales tagged at Isla Guadalupe were resighted in a subsequent year. Many factors affect the likelihood of tagging 
and resighting an individual in a given year (e.g., all of these populations represent a varying mix of transient 
and resident individuals [Curtis et al., 2020; Falcone et al., 2022]), and the relatively small sample sizes here 
preclude a statistical assessment of resighting probability as a function of having been tagged, which could be 
used as a potential measure of tagging effect on survival. However, these data suggest that, as a cohort, these 
tagged whales both survived and returned to these study areas at rates similar to or exceeding the rates for the 
populations they are a part of. As a coarse metric of comparison of the rates of resighted tagged whales (above) 
to the resighting rates of all individuals photographed at the same locations, 28% of fin whales and 35% of beaked 
whales identified off Southern California, and 61% of beaked whales identified at Isla Guadalupe, were identified 
in a subsequent year during the same time period (Unpublished data, current study). It was expected that LIMPET 
tags would not adversely affect resighting rates: follow‐up studies of humpback and right whales tagged with 
Type C tags, which are mostly designed to penetrate the subdermal sheath layer, versus the Type A tags described 
in this study, detected neither increased mortality nor an obvious reduction in pregnancy rates in previously 
tagged whales (Mizroch et al., 2011; Robbins et al., 2013; Best et al., 2015; Gulland et al., 2024). However, with 
the documented mortality of a killer whale following an infection linked to a Type A tag (Raverty & Ford, 2016; 
Huggins et al., 2020), a lower resighting rate among tagged whales would have raised concern, but this was not 
observed.  

As has been the case in other tag follow‐up studies, image quality is often a limiting factor in visual assessment 
of attachment sites. In this study, only 27% of the tagged whales had adequate quality resighting photos for a 
reliable visual assessment of the tag site. In the case of this study, the subtlety of many residual marks meant 
they were only visible in the very highest quality images. Most of these tag deployments resulted in depigmented 
focal marks and/or repigmented depressions at the dart entry sites, seldom more than 2 cm in diameter, within 
two to three years of the final tag transmission. Swellings were rare and always less than 5 cm in diameter  
when observed. Where larger or complex marks were observed, including holes or notches in the dorsal fin or 
linear depigmented marks, these generally appeared superficial, re‐epithelialised, and minor within the scope 
of natural marks routinely acquired by these species (Rosso et al., 2011; Herr et al., 2020, 2022; Onofre‐Díaz  
et al., 2022). 
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Within this study, we were able to coarsely assess whether the attachment location on the body affected 
healing outcomes. Previous follow‐up studies on baleen whales tagged with Type C tags (Norman et al., 2017; 
Gulland et al., 2024), and post‐mortem experiments using 1/7th‐scale dummy tags in dolphins (Moore & Zerbini, 
2017), have demonstrated differential tissue trauma associated with tag placement, even when dart size and 
shape are similar to LIMPET tags. Both of these studies found that devices implanted lower on the sides of the 
body and further back along the body had more pronounced effects, including larger and more persistent 
swellings and depressions (Type C tags) and increased subdermal tissue damage (dummy tags). It should be 
noted that both these studies assessed the effects of implants that were assumed or known to have fully 
penetrated the blubber layer. For tags deployed on the body surface (as opposed to the dorsal fin), anchoring 
below the blubber layer is thought to be necessary to achieve long deployments (Mate et al., 2007); but, 
particularly when tags are placed further from the dorsal midline, increased shearing at or below the blubber‐
muscle interface may result in increased damage to surrounding tissue (Moore et al., 2013; Moore & Zerbini, 
2017; Norman et al., 2017). LIMPET tags maximise attachment duration through placement in the fibrous 
connective tissue of the dorsal fin or sheath, and even when deployed on the body, darts of this length should 
not penetrate the blubber‐muscle interface in healthy, non‐calf individuals of either species. While the sample 
of tags placed on the body surface in this study was relatively small (34 tags), these tags did have significantly 
shorter transmission durations than tags attached to the dorsal fin. This is more likely because it takes much less 
force to pull a retention dart out of blubber than the dorsal fin. There was no significant difference in the visible 
tag site assessments of LIMPET tag deployments in the fin versus the body within the limited sample assessed 
here. Thus, while LIMPET tag deployments that miss the fin are likely to result in reduced data collection through 
both shorter attachment durations and poorer data transmission (tags placed lower on the body don’t clear the 
water to transmit data as consistently as fin‐mounted tags), they do not appear to cause more significant injury. 

Swellings have been among the most concerning post‐deployment effects in other tag follow‐up studies. 
Some Type C tag deployments have been associated with swellings much larger than the diameter of the tags 
themselves, some of which have persisted for years before finally resolving, often as depressions of varying size 
(Mizroch et al., 2011; Gendron et al., 2015; Guzman & Capella, 2017; Norman et al., 2017; Minton et al., 2022; 
Gulland et al., 2024). The most severe swellings were associated with tags believed to have broken, leaving some 
portion of the tag invisibly embedded in the body of the whale with nothing protruding above the skin surface 
to create drag and help pull the tag from the body. In some cases, these orphaned pieces of hardware were 
documented to have been ejected gradually via a foreign body response (Gulland et al., 2024). In at least one 
case where a broken part of a Type C tag was retained for an extensive period, a previously reproductively 
successful female blue whale with an extensive sighting history pre and post‐tagging failed to reproduce during 
an eight‐year period of swelling at the tag site but was sighted with a calf five years after a foreign body response 
ejected hardware, suggesting retained hardware for extended periods of time (e.g., years) may have systemic 
health consequences for some whales (Gendron et al., 2015).  

Three of the five whales observed with swellings in this study were cases where the tag body separated from 
one or both darts, leaving darts visibly protruding from the whale at a post‐transmission sighting (Table 7). All 
three of these whales were ultimately sighted without visible darts and with their wounds re‐epithelialised; 
however, the timeframe of shedding these retained darts was long, estimated at 2–4 years for the two whales 
that had adequate sighting history to assess the loss of broken darts. It is also worth noting that for one case 
where the darts were left in the dorsal fin, there is strong evidence to suggest the dart migrated forward along 
its trajectory through the fin and out the contralateral side, rather than backing out through the entry hole as 
would occur if the darts had remained attached to the tag body, as intended. This raises concerns for the first 
whale with retained darts, since the tag was attached below the fin, and thus a retained dart would not likely 
exit the contralateral side and could remain in the body for some time. Although, it is possible that the foreign 
body response may eventually push the dart out through the entry hole, as was observed for some humpback 
whales with retained tag anchors (Gulland et al., 2024). Nearly 3.5 years after the tag was deployed on the first 
whale with retained darts (20080803‐Zc), the more ventral dart was partially ejected and a localised tissue 
response was evident, with swelling and loss of epithelium at the site. The more dorsal dart, however, was nearly 
fully embedded with very little apparent tissue response. The whale was left with considerably less residual 
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scarring at this dart site than at the site of the partially ejected dart, and also less scarring than at the sites of 
the retained darts that were ultimately ejected from dorsal fins of the other two whales with swelling associated 
with retained darts. This suggests the more dorsal dart may not have been ejected but was instead encapsulated 
and remained in the body of this whale as of its last sighting, 10 years after the tag was deployed. This whale did 
not visibly exhibit a protracted subdermal foreign body response resulting in large swellings, similar to those 
associated with broken Type C tags that persist for years; however, it is also possible that a foreign body response 
occurred between resightings and resulted in the ejection of the hardware and subsequent healing of the 
epidermis. While overall body and skin conditions were not formally analysed in this study, using criteria defined 
by Wachtendonk et al. (2022) and Boileau et al. (2024) for photographic health assessments, this whale would 
have been considered generally healthy at its most recent sighting. However, we await further sightings of this 
individual to inform us of the long‐term outcome of this deployment. 

Finally, while retained darts appeared to be uncommon in this study, it is possible that retention petals were 
left behind more frequently. LIMPET tags are not recovered, and thus the condition of the darts when a tag is 
shed is unknown. LIMPET dart petals were found embedded at the dart penetration sites in the post‐mortem 
examination of the previously tagged killer whale (Raverty & Ford, 2016; Huggins et al., 2020) as well as in a right 
whale (Moore et al., 2013). The titanium petals used in this study are known to be more brittle than a stainless‐
steel alternative and have been associated with a higher rate of petal loss in a study where darts were used to 
anchor archival tags in baleen whales and subsequently recovered and examined (Szesciorka et al., 2016). Despite 
this, titanium remains the preferred material for LIMPET tag darts due to its substantially lighter weight (improving 
the ballistic profile of the tag and thus placement accuracy), as well as its superior biocompatibility, which is 
important given that LIMPET tags are designed to remain attached for months, and that retained darts can take 
years to eject if they occur. The fact that we rarely observed more than two visible marks following a LIMPET tag 
deployment suggests that, if petals are routinely left behind, they are either encapsulated through the 
combination of stability (tags are typically placed in fibrous tissue that does not move much) and biocompatibility 
(the titanium used in these darts is approved for surgical implantation in humans), or the ejection wounds are 
too small to be detectable even in high quality photographs. 

CONCLUSION 
Type A LIMPET tag deployments typically result in favorable long‐term outcomes for Cuvier’s beaked whales and 
fin whales. Tagged whales of both species were resighted at similar rates to un‐tagged whales in their study 
areas. Unhealed wounds were only observed while darts were still present and shortly after darts were shed, 
and most whales in this study were ultimately left with one or two small (< 2 cm), superficial marks at the tag 
attachment site within three years after the tag ceased transmitting. Our findings suggest LIMPET tags are a safe 
and effective option for collecting extended movement and behaviour records from a wide range of cetacean 
species and are uniquely suited for smaller and medium‐sized cetacean species with a dorsal fin, for which  
Type B and Type C tags may not be feasible or appropriate. 
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