Abstract—The effects of invasive or
intrusive research techniques need to
be thoroughly documented in order to
satisfy appropriate standards of animal
care. How cetaceans react to either
biopsy darting or tag attachment pro-
cedures has been studied for several
species, and considerable interspecific
variability in responses has been dem-
onstrated; however, few studies have
compared reactions to both techniques.
In the family Ziphiidae (the beaked
whales) nothing has been previously
reported on responses to either tech-
nique. We examined and compared
the reactions of northern bottlenose
whales (Hyperoodon ampullatus) to
biopsy darting and tagging. Reactions
to both these procedures were gener-
ally low-level and short-lived; stronger
responses were given to hits than to
misses. There was no statistical differ-
ence in observed response to tag versus
biopsy hits. The prior behavioral state
of the whales appeared to influence
the magnitude of reaction to both hits
and misses and thus may be an impor-
tant factor to consider in such impact
assessment. Whales lying still at the
surface showed stronger reactions than
traveling or milling animals. Sea state
appeared to affect whether there was a
reaction to misses. Whales were more
likely to respond to a miss in calm
sea conditions. No avoidance of the
research vessel was observed following
a tag or biopsy attempt, and in most
cases whales approached the research
vessel again within several minutes.
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The nonlethal firing of projectiles at
whales and dolphins is increasingly
being used, both in order to obtain skin
and blubber samples (e.g. Lambertsen,
1987) and to attach data-recording or
transmitting devices (e.g. Mate and
Harvey, 1983; Goodyear, 1993; Baird,
1998; Mate et al., 1998). Data collected
with these techniques are important
for management and conservation pur-
poses but may come at some cost (usu-
ally a behavioral disturbance) to the
individuals involved. This cost may vary
for different species or populations (see
e.g. Schneider et al., 1998), therefore
the impacts should be assessed each
time a study is conducted.

Reactions of various species of ce-
taceans to biopsy darting have gener-
ally been mild (e.g. International Whal-
ing Commission, 1989; Whitehead et
al., 1990; Brown et al., 1991; Weinrich
et al., 1991, 1992; Barrett-Lennard et
al., 1996; Weller et al., 1997). The most
common response is a “startle” reac-
tion, although the level of reaction var-
ies slightly between species, and also
between populations and individuals.
In contrast, the reaction of cetaceans to
tagging with suction-cup—attached tags
has been found to vary dramatically. Al-
though reactions of killer whales (Or-
cinus orca) and Dall’'s porpoises (Pho-
coenoides dalli) to the technique were
minor (Baird, 1994; Hanson and Baird,

1998), those of bottlenose dolphins (Tur-
siops sp.) were strong and relatively
long-lasting (Schneider et al., 1998).
The family Ziphiidae (the beaked
whales) is the second largest family of
cetaceans, yet no studies have reported
their reactions to tagging or biopsy tech-
niques. In this paper we compare the
reactions of northern bottlenose whales
(Hyperoodon ampullatus) to both tech-
niques and investigate factors affect-
ing the behavioral reactions observed.
These results are particularly relevant
to agencies that grant research permits
(e.g. the National Marine Fisheries Ser-
vice in the USA), which often require
some discussion of the implications of
research techniques in terms of animal
care. Additionally, assessment of the
magnitude and duration of any behav-
ioral response caused by the process of
attaching a tag is vital in ensuring that
the attachment of the tag does not con-
found the behavioral data it records.

Materials and methods

Field research took place off eastern
Canada, approximately 300 km east of
Halifax, Nova Scotia, over a subma-
rine canyon termed the “Gully” (approx-
imate position: 44°N, 59°W) during
June—August 1996-98. All tagging or
biopsy attempts were made opportunis-
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from a crossbow.

Figure 1
Photograph of the suction-cup—attached time-depth recorder and VHF radio tag ready to be deployed

tically from a 12-m sailing vessel, operated under power at
speeds of 1-4 knots.

The biopsy dart had a 2.5-cm-long, 0.6-cm-diameter cy-
lindrical punch fitted with a dental broach (a barbed fila-
ment to hold a sample in place) (as illustrated in Barrett-
Lennard et al., 1996), attached to the end of a standard
crossbow bolt (total weight 28.5 g). A cylindrical stopper,
set 2.5 cm back from the tip of the punch, caused the bolt
to rebound after impact with the whale. Bolts were fired
from a 67-kg-draw crossbow (Barnett WildCat XL) at a
range of 5-15 m. Samples were usually taken from the
flank near the dorsal fin. The floating dart was recovered
and the skin and blubber sample was removed. The tis-
sue was then subsampled for various analyses requiring
either skin or blubber or both. The gender of the biopsied
whales in this study was determined genetically (Gowans
et al., 2000).

The tag measured 20 x 4 x 5 cm and had a 40-cm flex-
ible antenna. The foam housing of the tag contained a time-
depth recorder (Wildlife Computers, Redmond, WA, or AGO
Environmental Electronics, Victoria, BC) and a VHF radio-
transmitter (Advanced Telemetry Systems, Isanti, MN, or
Telonics, Mesa, AZ). An 8-cm-diameter rubber suction cup
(designed for automobile roof-racks, Canadian Tire) was
used to attach the tag. The total unit weighed approxi-
mately 340 g in air. Tags were attached to a modified cross-
bow bolt (weight approximately 25 g) and were deployed
with the same crossbow as described above (Fig. 1).

The group size and behavioral state of the whales prior
to the biopsy darting or tagging attempt were noted.
Group size was defined as the number of animals at the

surface within five body lengths of each other (chain rule,
see Smolker et al., 1992). Behavioral state was assigned
as either logging (lying still or moving slowly in one direc-
tion at the surface) or milling or traveling (milling—mov-
ing slowly in no consistent direction; traveling—moving in
a consistent direction at greater than 2 knots). Whenever
possible, each tag or biopsy attempt was videotaped and
this recording was used to confirm the consistency of be-
havioral categories assigned by different observers in the
field for both before tagging attempt behavior and reac-
tion. Attempts were classified as a hit or a miss; a hit was
defined as contact with the whale and hits were further
subdivided as to whether they were successful, i.e. wheth-
er biopsies obtained a sample or whether tags remained
attached to the whale for more than 30 seconds. Sea state
(Beaufort scale) was recorded every hour; sea state at the
time of the biopsy or tag attempt was interpolated from
these hourly logs. Categories of reaction types were de-
fined following Weinrich et al. (1991):

1 No reaction: whale continued to show the same behav-
ior as before the biopsy or tagging attempt;

2 Low-level reaction: whale modified its behavior slightly,
e.g. dived rapidly or flinched;

3 Moderate reaction: whale modified its behavior in a
more forceful manner but gave no prolonged evidence
of behavioral disturbance, e.g. tail slap, acceleration,
and rapid dive;

4 Strong reaction: whale modified its behavior in a succes-
sion of forceful activities, e.g. successive percussive be-
haviors (breaches, tail slaps).
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Table 1
Number of whales showing different reaction-types to tag-
ging and biopsy deployment attempts (percentages shown
in parentheses).

Reaction level

Total
Low- no. of
Event None level Moderate whales
Tag-hit 2 (7%) 19 (65%) 8 (28%) 29
Biopsy-hit 3 (11%) 20 (74%) 4 (15%) 27
Tag-miss 33(60%) 21(38%) 1(2%) 55
Biopsy-miss 16 (80%) 3(15%) 1 (5%) 20

Goodness-of-fit G-tests were used to compare reactions
to different techniques and under different conditions.
Small sample sizes often necessitated pooling between
categories. Because reactions to misses tended to be lower-
level they were pooled between none and low to moderate,
whereas reactions to hits tended to be higher-level and
were pooled between none (or low) and moderate.

Results

Forty-seven biopsy attempts were made on northern bot-
tlenose whales in 1996 and 1997 (Table 1). Of these, 27
attempts hit the whale and 20 obtained a skin and blub-
ber sample. Six attempts hit, but did not retain a sample
(primarily resulting from low hits at the water line). One
dart sank after hitting a whale. Video footage was taken of
18 biopsy hits (15 successful) and 11 biopsy misses.

Eighty-four tagging attempts were made between 1996
and 1998 (Table 1). Twenty-nine attempts hit the whale
but only six successfully attached (one for only 30 sec-
onds). Video footage was taken of 15 tag hits (three suc-
cessful attachments) and 34 tag misses.

The majority of whales showed no or low-level reactions
to both tag and biopsy attempts (Table 1). No strong re-
actions were observed during our study. The whales react-
ed to 93% of the tag hits and 89% of the biopsy hits, but
reacted to only 40% of the tag misses and 20% of the bi-
opsy misses (Table 1). Reactions (categorized as none, low,
or moderate) were significantly greater for hits than for
misses (G=50.3, P<0.001, 2 df). Reactions to tag hits were
not significantly different from the reactions to biopsy hits
(G=1.51, P=0.47, 2 df). Of the 6 successful tag hits, 2 ani-
mals gave a hard tail flick, accelerated and dove (moder-
ate reaction), 1 animal accelerated and dove, and 3 dove
rapidly or flinched (low-level reactions).

The type of reaction to a hit was significantly related to
the animal’s behavioral state prior to the tagging or biopsy
attempt (comparison for all hits of behavioral state (log-
ging vs. milling or traveling) and reaction (none [or low]
vs. moderate) G=4.04, P=0.044, 1 df). Low-level reactions
were most common for traveling or milling whales, where-
as logging whales were more likely to show stronger reac-

Table 2
Gender of biopsied whales (n=20) and respective reactions.

Reaction level

Total
Low- no. of
Gender None level Moderate whales
Male 0 5 2 7
Female 2 9 2 13

tions, especially to tag hits (Fig. 2). There was also a simi-
lar relationship between behavior and reaction to misses,
although whales rarely showed a moderate reaction to a
miss (comparison of behavioral state [as above] and reac-
tion [none vs. low or moderate] G=4.02, P=0.045, 1 df, Fig.
2). Reactions to hits of animals in groups were similar to
those for lone individuals (G=0.767, P=0.38, 1 df). There
was an effect of sea state on reaction type, but only for
missed shots (comparison of sea state [>Beaufort 2 with
Beaufort <2], G=4.38, P=0.036 1 df, Fig. 3). This effect was
greater for tag misses (G=6.80, P=0.009, 1 df) than for bi-
opsy misses (G=2.41, P=0.12, 1 df).

No avoidance of the research vessel was observed after
tagging or biopsy attempts. For the majority of attempts,
animals remained at the surface. If the animals made a
shallow dive, they usually returned to the research vessel
within a few seconds or were photographed again within
a few minutes of the tagging or biopsy attempt (for 82% of
all attempts, whales returned to the surface and remained
with the research vessel for at least five minutes). There
was little difference in the likelihood of encounters ending
within five minutes between tagging and biopsy attempts
or between hits and misses. Furthermore, encounters in-
cluding tagging or biopsy attempts were not shorter in du-
ration than encounters without any tagging or biopsy at-
tempt (one-tailed t-tests, P>0.05).

No significant difference between the reactions of males
and females was found (G=2.1, P=0.35, 2 df, Table 2), but
samples sizes were small and did not adequately repre-
sent the population.

Discussion

The response rate of northern bottlenose whales to biopsy
hits (89%) was greater than that found for baleen whales
(right whales, Eubalaena glacialis, 19%; Brown et al.,
1991; humpback whales, Megaptera novaeangliae, 50%,
Weinrich et al., 1991), but was similar to that recorded
for other odontocetes. A 100% response rate was found for
sperm whales (Physeter macrocephalus) (Whitehead et al.,
1990) and for bottlenose dolphins (Weller et al., 1997), and
an 81% response rate was found for killer whales (Barrett-
Lennard et al., 1996). Reactions of bottlenose dolphins
consisted of an observable short-term change in behavior
(Weller et al., 1997). Momentary shakes or accelerations
were observed for Killer whales (Barrett-Lennard et al.,
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Figure 2

Relationship between behavioral state and reaction type for tag and biopsy deployments. Reactions during logging behavior were
stronger than for other behaviors for both hits (P=0.044) and misses (P=0.045). Percentage of each reaction-type is displayed for
each prebiopsy behavioral category (number of reactions of each type are shown above each bar).

1996), whereas sperm whales showed strong startle reac-
tions, occasionally involving defecation (Whitehead et al.,
1990). Reactions of bottlenose whales seemed most similar
to killer whale reactions, i.e. relatively “low-level.” Gen-
der-related differences in the levels of reaction have pre-
viously been noted for humpback whales (Brown et al.,
1994), although no such effects were found in this study.
Reactions of northern bottlenose whales to suction-cup
tag deployment were also low-level. Bottlenose whales re-
acted to 93% of tag hits and 40% of tag misses. Baird
(1994) documented only minor reactions by killer whales
to crossbow-deployed suction-cup—attached tags: 52% re-
action to hits and 26% reactions to misses. Reactions of
short-finned pilot whales (Globicephala macrorhynchus) to
the same tags deployed by crossbow consisted of a tail flick
and rapid dive (Baird?). Similar variation in reaction has
been observed from suction-cup—attached tags deployed
by pole. Little reaction was observed to tags deployed on
Dall's porpoise (Hanson and Baird, 1998) or pantropical
spotted dolphins (Stenella attenuata; Baird?), whereas bot-
tlenose dolphins showed prolonged and intense reactions

1 Baird, R.W. 1999. Unpubl. data. Biology Department, Dal-
housie University, Halifax, NS, B3H 4J1 Canada.

to tagging attempts, reacting to 100% of hits and 71% of
misses (Schneider et al., 1998). The scale of reaction for
northern bottlenose whales appears to lie in the middle of
this range.

As noted, reactions to tag hits were similar to reactions
to biopsy hits, despite the fact that tags weigh substan-
tially more than biopsy darts. A potential explanation for
this is the variation in “tag hit” under our definition: some
of the tag hits were glancing blows and so may have had
little striking impact, whereas others were direct hits. In
contrast, the impact of biopsy darting was more consis-
tent (i.e. there were virtually no glancing hits for biopsy
darts). In addition, the greater weight of the tags result-
ed in a slower delivery speed, thus the force of a heavier,
slower-moving tag may have been similar to that of the
lighter, faster-moving biopsy dart. Alternatively, animals
may have a set reaction to any impact, such that the same
response will be elicited unless some threshold is exceeded
(perhaps through excessive or repeated impact).

As many authors have pointed out, evaluating short and
long-term reaction to tag attachment is important in de-
termining whether the presence of tags affects the record-
ed behavior (White and Garrott, 1990; Walker and Boveng,
1995; Croll et al., 1996). Data were recovered from two of
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the six successful tag attachments and one of these
tags was equipped to record velocity (Hooker and Tag misses
Baird, 1999). The whale’s initial reaction to the at- 70 -
tachment of the tag was a rapid acceleration and Reaction type
dive. The velocity record showed that this initial in- 60 -
crease dropped within the first two minutes to levels 50 A [ none
observed for the rest of the deployment (Hooker and 40 - o low-level
Baird, 1999). The general behavior of all six tagged 30 A W moderate
whales (in terms of surfacing intervals and dive du- 20 -
rations) was also consistent with that observed from
nontagged whales. Thus, although based on a small 10 1
sample size, it appears that the target animals’ be- 0 '
havior is modified for only a few minutes in a short-
term reaction to the tagging procedure. %
Previous studies that examined responses to biopsy ‘GEJ
darting have been criticized because of the potential- o
ly confounding effect of the research vessel approach &
(Brown et al., 1994). In our study, the behaviors of the Biopsy misses
whales when first sighted did not change in any no- 100 - _
ticeable way during the approach of the research ves- - Reaction type
sel for photo-identification, and immediately prior to 80 A 14 O none
the tagging or biopsy attempt. Thus we are relatively
confident that the reactions we observed were due to 60 1 2 G low-level
the tagging or biopsy darting, rather than to the prox- 40 - m moderate
imity of the research vessel. However, the approach of
the research vessel may have caused subtle changes 20 ~ 11
in behavior that we did not observe. 0 _—
The major cue to which bottlenose whales react 0 ! —
appears to be the physical impact of the tag or bi- 0-15 2+
opsy, because reaction to hits was much greater than Beaufort sea state
reaction to misses (Table 1). Whales also appear to .
react to an acoustic or other sensory cue, evidenced Figure 3
by their stronger reactions to tag misses in calm sea Relationship between sea state and reaction type for tag and
conditions (when the hit would be more audible or biopsy misses_. Reactions to misses were greater in calm (<Beau-
the splash more likely to be detected above back- fort 2) than in roug_h (zBeau_forF 2) sea states (P=0.036). Per-
ground levels; Fig. 3). centage of each r_eactlon—type is dlsplf’:lyed for these two Beaufort
The primary factor affecting the reaction of bottle- sea state categories (number of reactions of each type are shown
_ < N above each bar).
nose whales to either tag or biopsy stimulus appears

to be the behavior of the whale at the time of the
stimulus. The relative stimulus of a biopsy or tag is

less for whales involved in traveling or milling than for
whales lying still at the surface (Fig. 2). Similarly, differ-
ences in the level of reaction have been observed for hump-
back whales involved in different activities. Reactions of
migrating humpback whales were generally lower than
those of whales on feeding or breeding grounds (Brown et
al., 1994), and mothers or primary escorts of humpback
whales (thought to be involved in breeding activity) showed
less reaction than other whales on the breeding grounds
(Clapham and Mattila, 1993). Such results have wide im-
plications for monitoring the effect of various activities
(e.g. noise pollution) on cetaceans because the likelihood of
reaction may vary depending on behavioral state.
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