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Abstract

On a global scale, false killer whales (Pseudorca crassidens) remain one of the lesser-
known delphinids. The occurrence, site fidelity, association patterns, and presence/
absence of foraging in waters off northeastern New Zealand are examined from
records collected between 1995 and 2012. The species was rarely encountered; how-
ever, of the 61 distinctive, photo-identified individuals, 88.5% were resighted, with
resightings up to 7 yr after initial identification, and movements as far as 650 km
documented. Group sizes ranged from 20 to ca. 150. Results indicate that all indi-
viduals are linked in a single social network. Most observations were recorded in
shallow (<100 m) nearshore waters. Occurrence in these continental shelf waters is
likely seasonal, coinciding with the shoreward flooding of a warm current. During
91.5% of encounters, close interspecific associations with common bottlenose dol-
phins (Tursiops truncatus) were observed. Photo-identification reveals repeat inter-
and intraspecific associations among individuals with 34.2% of common bottlenose
dolphins resighted together with false killer whales over 1,832 d. While foraging
was observed during 39.5% of mixed-species encounters, results suggest that social
and antipredatory factors may also play a role in the formation of these mixed-species
groups.

Key words: false killer whale, Pseudorca crassidens, bottlenose dolphin, Tursiops trun-
catus, mixed-species groups, interspecific associations, photo-identification, foraging,
seasonality, New Zealand.

1Corresponding author (e-mail: jzaeschmar@hotmail.com).

594



Very little is known of free-ranging false killer whales (Pseudorca crassidens) (Baird
et al. 2008). Despite a worldwide distribution in tropical and warm temperate waters,
this species is encountered infrequently in most locales where they occur (Odell and
McClune 1999). Occurrence in most areas is primarily inferred from stranding records
(Stacey et al. 1994), including for New Zealand (e.g., Hector 1872, New ZealandMar-
ine Mammal Stranding Database2 ). While mostly oceanic in distribution, false killer
whales are known to venture close to shore at oceanic islands (Acevedo-Guti�errez et al.
1997, Garrigue and Greaves 2001, Gannier 2002) and are observed occasionally in
shallow continental shelf waters (Palmer et al. 2009). High site fidelity has been docu-
mented in some areas (Baird et al. 2008). Although cases of long-distance travel
(Tomilin 1957, Leatherwood et al. 1989) and seasonal occurrence (Kasuya 1985) are
reported, it is not clear if, or to what extent, populations of the species migrate.
Described as gregarious, false killer whales typically travel in groups of 20–100

animals (Baird 2008). Long-term associations between individuals have been recorded
off Hawaii (Baird et al. 2008) and Costa Rica (Acevedo-Guti�errez et al. 1997), with
stable social clusters that differ in home range identified within the Hawaiian insular
population (Baird et al. 2012). However, little is known about the species’ overall
social structure from other regions. There have been a number of mass and single
strandings of false killer whales in New Zealand. Based on the number of stranded
individuals, false killer whales rank second only to pilot whales (Globicephala spp.)
within New Zealand waters (New Zealand Marine Mammal Stranding Database).
Despite this prominent stranding history, few data or specimens have been collected
from these events and data collected from free-ranging individuals are limited and
primarily anecdotal (Gaskin 1972, Cawthorn 1981). The species is currently listed as
Not Threatened within New Zealand waters, although confidence in the assessment is
low due to poor data availability (Baker et al. 2010).
False killer whales have also been observed in nonaggressive associations with sev-

eral other cetacean species (e.g., Leatherwood et al. 1989), in particular with the com-
mon bottlenose dolphin (Tursiops truncatus) (e.g., Best and Reeb 2010, Visser et al.
2010, Zaeschmar et al. 2013). While increased foraging success and predator detec-
tion and/or avoidance are suggested as possible factors in the formation of these
mixed-species groups (Zaeschmar et al. 2013), the exact nature and extent of such
interactions remain unclear.
The present study documents the occurrence and association patterns of false killer

whales in the waters off northeastern New Zealand, taking into account seasonality,
group size, and composition. Hypotheses for seasonality and population size and
structure are provided. Ad libitum behavioral observations, focusing on the presence
or absence of foraging are also discussed to further elucidate false killer whale use of
the study area. Additionally, the study describes false killer whale interactions with
common bottlenose dolphins, and provides hypotheses as to the nature and extent of
such associations.

Materials and Methods

All sightings were collected in five locations along an approximate 650 km stretch
of the northeastern coast of New Zealand, between February 1995 and March 2012.

2New Zealand Marine Mammal Stranding Database, Museum of New Zealand Te Papa Tongarewa,
℅ Department of Conservation, PO Box 10420 Wellington, New Zealand.
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The study area is influenced by the shoreward progression of the warm, southeastward
flowing East Auckland Current (EAUC) during December and its subsequent depar-
ture around May (Zeldis et al. 2004). The EAUC carries warm subtropical water (Sut-
ton and Roemmich 2001) as well as associated marine fauna (Francis et al. 1999) into
the study area. Sea surface temperature (SST) reaches 23°C during the austral summer
and falls to 15°C in winter (Chiswell 1994). Records of false killer whales were pri-
marily collected in waters off, or adjacent to, the Bay of Islands (BOI), (approximate
position 35ºS, 174ºE), between February 1995 and March 2012. The area is charac-
terized by a number of features; approximately 150 islands and islets with numerous
bays and estuaries, and the Cape Brett peninsula, which intersects the warm EAUC,
providing a large catchment area for nutrients (Baker and Madon 2007). Water depth
between the islands and the mainland is generally <20 m while on the seaward side,
water depth ranges from 50 to 120 m. The edge of the continental shelf is ca. 50 km
to the northeast of Cape Brett.
Additional records of false killer whales were collated from the following four

areas:

(1) The Three Kings Islands (TKI) 2008, (approximate position 34º09′S, 172º08′E).
Located 55 km northwest of New Zealand’s North Island, situated near the
continental shelf break, the area is characterized by submarine canyons and
seamounts, with water depths generally ranging from 100 to >1,600 m.

(2) The Poor Knights Islands (PKI) 2010, 2012, (approximate position 35º28′S,
174º44′E). Located 19 km off the New Zealand’s northeastern coast, these small
islands (271 ha) are volcanic remnants that rise steeply from the otherwise flat
ocean floor. Water depth in the area ranges from ca. 80 to >150 m.

(3) The Hauraki Gulf (HG) 2011, (approximate position 36º10′–37º10′S, 174º40′–
175º30′E) is a shallow (<60 m), semi-enclosed body of temperate water. The
seabed in the area is predominantly flat.

(4) The Bay of Plenty (BOP) 2012, (approximate position 36º30′–38º10′S, 175º40′–
178º00′E) is a large open embayment with a generally flat seabed, containing a
small number of islands. The shoreward flow of the EAUC ceases around East
Cape, the southern limit of BOP, with the current turning away from the coast
(Stanton et al. 1997). Water depth in the area ranges from 50 to >200 m.

The majority of records (53.2%) were collected from the Tutunui, an 11 m fiber-
glass catamaran powered by twin 350 hp jet engines, with a cruising speed of approx-
imately 30 km/h and an observer’s eye height of 3 m above sea level. Tutunui is a
commercial whale watching vessel staffed by experienced marine mammal observers
that operates year round in BOI, although trips are more frequent between October
and May. Additional records were collected from tour boats (ca. 11–22 m with
3–5 m observer eye height and travel speed of 15–35 km/h) and research vessels (ca.
5–6 m, observer eye height 2–3 m and survey speed of ca. 20 km/h) operating in the
five study locations. Tour vessels encountered false killer whales opportunistically
during wildlife/marine tours throughout the study area, while the research vessels
encountered false killer whales during dedicated cetacean surveys. All vessels followed
a similar, asystematic survey methodology which was dictated by factors such as pre-
vailing weather conditions. Depth was determined by plotting the GPS coordinates
of the sighting locations on the relevant bathymetric chart while distance from shore
was measured by plotting sighting locations in ESRI ArcGIS version 9.3. Sea surface
temperature (SST) was determined using onboard thermometers.
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Ad libitum behavioral observations (Altmann 1974), focusing only on the presence
or absence of foraging behaviors were recorded in transcript, audio log (dictaphone),
or video form. Following Acevedo-Guti�errez et al. (1997), foraging was defined by
frequent, asynchronous dives with subgroups dispersing over larger areas, as well as
by the presence of fish near the surface or sea birds feeding on fish remains near the
whales. Prey species were confirmed by photographic record. As most of the observa-
tion platforms did not operate in the respective locations on a year round basis, sea-
sonal occurrence was assessed from the records of Tutunui, which ran continuous trips
up to twice daily in BOI between 1995 and 2007. Following Wiseman et al. (2011),
a monthly index of false killer whale encounters was determined using a trip encoun-
ter rate (TER), which was calculated from the number of trips on which whales were
encountered in proportion to the total number of trips undertaken that month.
Results for each month from different years were pooled and calculated as an average
sighting rate per 100 trips. To avoid pseudo-replication, only one sighting record per
day was included in the analysis. A social network diagram of false killer whales
photo-identified in the study area was produced using the program Netdraw 2.123.3

A spring embedded layout was chosen, placing more connected nodes at the center of
the network while those with fewer connections were placed around the periphery.
To test for the significance of encounter duration and presence/absence of foraging on
group size estimates, a General Linear Model (GLM) with a negative binomial model
approach was applied. All analyses were completed in R using the “Stats” (R Core
Development Team4 ) and “Mass” (Venables and Ripley 2002) packages.
Following Baird et al. (2008) it was assumed that all false killer whales occurring

in the area at any one time were part of the same group. This definition is supported
by the infrequency of false killer whale encounters in the study area and the fact that
false killer whales may at times disperse >20 km and still be moving in the same
direction and engaged in the same behavior (Baird et al. 2008). Consequently, no
spatial parameters were placed on group definitions. Given the frequency of associa-
tion between false killer whales and bottlenose dolphins, for the purpose of this study,
the term mixed-species group refers to associations between these two species only.
Following Shane (1990), a mixed-species group was defined as any number of indi-
viduals of one species observed in apparent association with the other species and gen-
erally moving in the same direction and engaged in similar behavior (Fig. 1).
As the majority of observations described herein were of large, dispersed groups

containing more than one cetacean species and recorded by several observers, group
size estimates may be biased upwards. To address this possible bias, estimates were
treated as pertaining to maximum group size, and in cases where minimum, best,
and maximum group size estimates were available, the maximum estimate was used.
Two forms (coastal and oceanic) of the common bottlenose dolphin frequent New

Zealand waters (Baker et al. 2010). The oceanic form is readily distinguishable based
on gross morphology (Visser et al. 2010); they are comparatively more robust and
typically exhibit wounds and scars, presumed to be inflicted by the cookie cutter
shark (Isistius spp.) (Dwyer and Visser 2011). In contrast, the New Zealand coastal
form does not usually exhibit cookie cutter shark scarring (Visser et al. 2010). The

3Borgatti, S. P., 2002. NetDraw software for network visualization. Analytic Technologies, Lexington,
KY. Available at http://analytictech.com/Netdraw.

4R Core Development Team. 2013. R: A language and environment for statistical computing. R Foun-
dation for Statistical Computing, Vienna, Austria.
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form of common bottlenose dolphin observed in association with false killer whales
was determined from photographs and/or video footage of the respective encounters.
Standard photo-identification methods (W€ursig and Jefferson 1990, Baird et al.

2008) were applied to identify individuals (Table 1). A capture was defined as one or
more useable images of an individual taken on an independent day. Primary identifi-
cation features included notches on or adjacent to the dorsal fin and permanent distin-
guishing features such as dorsal fin disfigurement. Secondary features included scars
as well as fresh subdermal wounds such as those presumed to be the result of cookie
cutter shark bites. Only primary features were used to confirm matches, with second-
ary features used only as an aid to identification. Individuals, as well as images, were
graded according to the likelihood of successful recapture and matching. The quality
of each image was assessed by its focus, contrast and the angle of the fin relative to
the frame and graded on a scale of 1 to 4 with 1 being excellent, 2 being good, 3 being
fair, and 4 being poor (Table 1). The distinctiveness of each dorsal fin was graded on a
scale of 1 to 4 with 1 being very distinctive, 2 being distinctive, 3 being slightly distinc-
tive, and 4 being not distinctive (Table 1). Only distinctive and very distinctive individuals
and images of good or excellent quality were included in the analysis. Each new image
was carefully examined and all matches were confirmed by at least two experienced
matchers. Successful photo-identifications were entered into the New Zealand False
Killer Whale Identification Catalogue (NZFKWC; JRZ, unpublished data5 ), and
New Zealand Oceanic Bottlenose Dolphin Identification Catalogue (NZOBDC; JRZ,
unpublished data), respectively.

Results

Forty-seven sightings of false killer whales were recorded between 1995 and 2012.
The majority of observations (33 of 47; 70.2%) were made in BOI (2005, 2007, 2009,
and 2010, with no false killer whales encountered in 2006, 2008, 2011, or 2012), with
additional records from TKI (2008) (10.6%, n = 5), BOP (2009, 2012) (10.6%,
n = 5), HG (2011) (4.2%, n = 2) and PKI (2010, 2011) (4.2%, n = 2). The majority

Figure 1. A mixed-species group of false killer whales and common bottlenose dolphins.
Bay of Islands, New Zealand, January 2007. Photo: David Hall.

5Both catalogs are curated by the senior author.
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of sightings comprised of mixed-species groups (91.5%, n = 43). Encounter duration
ranged from 10 min to 3 h 45 min (n = 47, �x = 68.9, SD = 49.2). False killer whales
were rarely encountered. Records collected aboard Tutunui in BOI show 29 sightings
during 6,108 trips on 4,082 discrete days between 1995 and 2007, resulting in an
overall TER of 0.47 encounters per 100 trips. Sightings only occurred during the aus-
tral summer (December–February) (TER = 0.37, n = 8) and autumn (March–May)
(TER = 1.33, n = 21) with TER highest in March (TER = 2.04, n = 12) and April
(TER = 1.98, n = 10) (Fig. 2). False killer whales were encountered in SST ranging
between 18°C and 23°C (n = 47, �x = 20.5°C, SD = 1.3) (Fig. 2). Bottom depth for
the sightings ranged from 25 to 350 m (n = 47, �x = 105.3 m, SD = 86.7) with
63.8% of encounters (30 of 47) occurring in waters <100 m deep. Distance from
shore ranged from 0.2 to 67.4 km (n = 47, �x = 9.2, SD = 14.8).
Mixed-species group sizes ranged from 28 to ca. 400 (n = 43, �x = 120.4, SD =

64.6). Within those mixed-species groups (n = 43), species-specific group size esti-
mates were made during 76.6% of encounters (36 of 47), with group size for false
killer whales ranging from 20 to 150 individuals (�x = 46.7, SD = 28.5). Group size
estimates for false killer whales observed in single-species groups ranged from 20 to
50 individuals (n = 4, �x = 35, SD = 12.9).
Between 2005 and 2012, good or excellent images of false killer whale dorsal fins were

obtained during 15 encounters (BOI = 7; BOP = 3; TKI = 2; HG = 2; PKI = 1).

Table 1. Grading system and assessment criteria applied for determining image quality
and dorsal fin distinctiveness used for photo-identification. The quality of each image was
assessed by its focus, contrast and angle of the fin relative to the frame. Only images of good or
excellent quality of distinctive and very distinctive individuals were included in the analysis.

Image quality
grading Assessment criteria

1 (excellent) All quality criteria are met: sharp focus with clear contrast and
taken at an angle that allowed a clear profile of the dorsal fin’s
leading edge.

2 (good) One of the quality criteria was compromised but the information
content remained intact, allowing for the identification of
distinctive and very distinctive individuals.

3 (fair) Two or more quality criteria were compromised allowing only
for identification of very distinctive individuals.

4 (poor) One or more quality criteria were compromised to the point that
successful identification of the individual was not possible.

Dorsal fin
distinctiveness Assessment criteria

1 (very distinctive) Multiple notches including large notches and could be identified
from photos of all quality categories except poor.

2 (distinctive) Multiple notches and could be identified from fair, good and
excellent photographs.

3 (slightly distinctive) Few notches and could only be identified from good or excellent
photographs.

4 (not distinctive) Clean fins (i.e., no notches or other permanent distinguishing
features) or showed notches that could only be seen in excellent
images within an encounter but unlikely between encounters.

ZAESCHMAR ET AL.: PSEUDORCA CRASSIDENS IN NEW ZEALANDWATERS 599



A total of 79 individuals were identified, 22.8% of which (n = 18) were considered
slightly distinctive resulting in 61 distinctive or very distinctive individuals included in the
analysis. Using only good and excellent quality photographs, 226 identifications of these
61 individuals were made (�x = 3.7, SD = 2.1). The number of individuals identified in
each encounter ranged from 1 to 41 whales (n = 15, �x = 14.7, SD = 11.1), while the
mean group size for encounters with identified individuals was 49 (SD = 31.6). Fifty-
four individuals (88.5%) were resighted, with 70.5% (n = 43) encountered on three
or more occasions and two individuals observed on eight occasions. Additionally,
85.2% (n = 52) were observed in more than one year and 62.2% (n = 38) were
encountered in more than one of the five sighting locations within the study area. The
longest time-frame between initial identification of an individual and its most recent
resighting (disregarding sightings in between) was 2,551 d (approximately 7 yr,
n = 2). The shortest time frame between any two resightings of an individual was 5 d
(n = 4). Distances between sighting locations ranged from <1 km (BOI, n = 29,
1074 d) to ca. 650 km (TKI–BOP, n = 8, 284 d). Overall, the proportion of new
identifications decreased as the rate of resightings increased (Fig. 3). While every
encounter after the initial observation included previously cataloged individuals, pre-
viously unidentified individuals were only captured during 53.3 % of encounters
(n = 8). The highest number of resightings between any two encounters was 29 indi-
viduals (January 2007 and December 2009, both BOI). All individuals photo-identi-
fied were linked by association in one large social network albeit separated into two
social clusters (Fig. 4). Fresh subdermal wounds and scars presumed to be inflicted by
cookie cutter sharks were observed on individuals during all encounters.
During 91.5% (n = 43) of encounters, false killer whales were observed in associa-

tion with bottlenose dolphins with good or excellent quality photo-identification
images obtained from nine encounters. The two species were considered mixed-
species groups as individuals of both species were interspersed or in close association
and generally acted as one homogenous group (Fig. 1). Based on the presence of
cookie cutter shark scars on individuals, reported during all 43 encounters and
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photographed during 15 encounters, bottlenose dolphins identified in association
with false killer whales were presumed to be of the oceanic form. Group size for bot-
tlenose dolphins were estimated during 36 encounters and ranged from 5 to ca. 250
individuals (n = 36, �x = 62.8, SD = 42.8). Using the same parameters as for false
killer whales, 163 individuals were photo-identified, 8.6% (n = 14) of which were
classified as slightly distinctive and not included in the analysis, resulting in 217 iden-
tifications of 149 distinctive or very distinctive individuals (�x = 1.45). Of these, 34.2%
(n = 51) were resighted, with 10.1% (n = 15) observed on three or more occasions
and two individuals (1.3%) on four occasions. Additionally, 28.2% (n = 42) were
encountered in more than one year and 18.1% (n = 27) were observed in more than
one of the five sighting locations within the study area. The longest time between
first identification of an individual and its most recent resighting was 1,832 d (ca.
5 yr) documented for two individuals. Distances between sighting locations ranged
from <1 km (BOI, n = 14, 1,074 d) to ca. 650 km (TKI–BOP, n = 1,284 d). The
number of dolphins identified in each encounter ranged from 1 to 54 individuals
(n = 149, = 24.1, SD = 16.5). Every encounter included previously photo-identified
individuals. The highest number of resightings between any two encounters was 13
individuals. At least 34.2% of bottlenose dolphins (n = 51) had repeat associations
with false killer whales involving 41 individuals (67.2%). Of these, 10.1% of bottle-
nose dolphins (n = 15) and 59% of false killer whales (n = 36) were re-encountered
together on three or more occasions and during more than one year, with 8% of dol-
phins (n = 12) and 45.9% of whales (n = 28) observed together on three or more
occasions as well as in different years and locations. Spatial separation/dispersion of
individuals varied, ranging from all individuals being in close proximity (total area
<1 km2) to wide distribution of individuals and subgroups within the whole mixed-
species group (total area estimated at >5 km2). During all encounters, the two species
were generally behaving as a single group, swimming within a body length of the
other species (Fig. 1). However, clear segregation into conspecific subgroups within
the primary group was also observed.
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Foraging was observed during 42.6% of all encounters (n = 20) and during three
of the four single-species observations of false killer whales. Within the mixed-species
observations (n = 43), foraging by at least one of the two species was observed during
39.5% (n = 17) of encounters. Mixed-species groups involved in foraging were gen-
erally larger (n = 17, �x = 135.8, SD = 92.9) than those groups where foraging was
not observed (n = 26, �x = 112.5, SD = 57.1). However, encounters where foraging
was observed were generally longer (n = 20, = 82.5, SD = 55.4) than those where it
was not detected (n = 27, �x = 58.9, SD = 42.3). A negative binomial regression
found no evidence that encounter duration (P = 0.994) and foraging behavior
(P = 0.420) had any significant effect on group size estimates (Table 2). Evaluation
of residuals found the assumption for homogeneous variance and normal distribution
of residuals to be met and the P-value was considered reliable. Kahawai (Arripis tru-
tta) was confirmed as a prey species for false killer whales and bottlenose dolphins on
six occasions (BOI n = 3, HG n = 2, BOP n = 1). False killer whales were observed
feeding on hapuku (Polyprion oxygeneios) during one mixed-species encounter (TKI).

Discussion

Here we provide the first investigation of false killer whale occurrence in New Zea-
land waters. To our knowledge, only three other photo-identification studies have
been conducted on the species worldwide: a dedicated, species-specific study currently
examining distribution, social structure, home ranges, and genetic differentiation off
Hawaii (Baird et al. 2010), a study resulting from cetacean surveys off Gabon and
Côte d’Ivoire (Weir et al. 2013), and a previous study off Costa Rica (Acevedo-

Figure 4. Social network diagram of 61 distinctive or very distinctive false killer whales photo-
identified off northeastern New Zealand during 15 encounters between 2005 and 2012 using
a spring embedded layout. Individual false killer whales with their corresponding catalog
number are represented by nodes. Only individuals with good or excellent quality photos are
included.
Note: Clustering suggests the existence of two social clusters.
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Guti�errez et al. 1997), which examined false killer whale occurrence as part of a
broader three year study on dolphin ecology.
Despite their reported pelagic distribution (Wade and Gerrodette 1993, Baird

2008), false killer whales are known to approach close to shore at oceanic islands
(Baird et al. 2010), with forays into shallow continental shelf waters also reported
(Acevedo-Guti�errez et al. 1997, Palmer et al. 2009, Zaeschmar et al. 2013). However,
the latter are thought to be uncommon (Baird et al. 2008). Our data reveal repeat
occurrence by individuals well within the continental shelf and in waters of less than
100 m in bottom depth. However, the extremely low encounter rate in the study area
indicates that the species’ distribution in New Zealand waters is likely also centered
further offshore. The observed scars, presumed to be the result of cookie cutter shark
bites, may provide further indication of false killer whale distribution in the area. Coo-
kie cutter sharks typically occur in deep, tropical and temperate waters (Jones 1971,
Jahn and Haedrich 1988) and their bite marks have been used as indicators to differ-
entiate between cetacean populations (Dwyer and Visser 2011). The cookie cutter scars
observed on both false killer whales and bottlenose dolphins suggest a potential distri-
bution centered in warmer pelagic waters, which is consistent with the distribution
generally reported for false killer whales (Baird 2008). Consequently, false killer
whales encountered in the study area are likely to frequent deep oceanic waters as well
as the shallow continental shelf region in which most of our observations were made.
While seasonality could only be assessed from records in BOI, all encounters from

the different locations within the study area fall within the same period (December–
May), further supporting the suggestion that occurrence in nearshore waters is
seasonal. Changes in seasonal occurrence have been reported from Japanese waters
(Kasuya 1971) and movements of false killer whales have been linked with warm
water masses and migrations of prey (Tomilin 1957, Kasuya 1971, Leatherwood et al.
1989). Similarly, false killer whale occurrence in the study area coincides with the
seasonal flow of the EAUC, a warm current that begins its shoreward progression
towards northeastern New Zealand in December and completes its annual cycle by
May (Zeldis et al. 2004). SST within the EAUC is approximately 2°C warmer than
on the continental shelf (Sharples 1997) (Fig. 2). This current is associated with the
arrival of warm water species such as various Thunnus and Istiophoridae species (Fran-
cis et al. 1999), the latter two being known prey items for false killer whales (Baird
2008). Our findings support the hypothesis that the seasonal occurrence of false killer
whales in the study area may be the result of the species following the shoreward flow
of the EAUC presumably in pursuit of prey, as has also been suggested for other
regions (Tomilin 1957, Kasuya 1971, Leatherwood et al. 1989).
The observations of predation on kahawai, a schooling coastal species endemic to

areas within temperate Australasian waters (Paulin 1993), has previously been

Table 2. Negative binomial regression investigating potential predictors of false killer
whale group size estimates. Model: NBGroup Size Estimate = a + bEncounter Duration +
bForaging Behavior + e.

Parameter Estimate Standard error Z-value Pr(>|z|)

Intercept 4.782000 0.135800 35.212 <0.001
Encounter duration –0.000012 0.001593 –0.007 0.994
Foraging behavior 0.113030 0.161600 0.806 0.420
Null deviance: 45.216 on 42 degrees of freedom
Residual deviance: 44.496 on 40 degrees of freedom
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described in the study area (Zaeschmar et al. 2013), but have so far not been docu-
mented from other regions. Additionally, individual false killer whales observed to
be feeding on coastal fish species were also observed to be feeding on hapuku in off-
shore waters. Predation on hapuku, a large demersal fish, inhabiting deep waters off
the continental slope (Beentjes and Francis 1999), is more consistent with the feeding
ecology reported for false killer whales from other regions (Odell and McClune
1999). These findings further support the suggestion that this population frequents
both in- and offshore waters in New Zealand. The larger group sizes recorded during
foraging observations may be the result of groups contracting when abundant prey is
encountered. Indeed, satellite tagging in Hawaiian waters revealed that groups may
disperse over more than 20 km (Baird et al. 2010).
All individuals photo-identified in the study area so far, are linked in a single social

network and results suggest the existence of two social clusters within this social net-
work, similar to the clustered social structure identified within the Hawaiian insular
false killer whale population (Baird et al. 2012). However, given the likelihood that
not all individuals were photo-identified in some of the encounters, the apparent clus-
tering may result from incomplete capture of all individuals present in the groups
observed. While the exact extent of this network remains unknown, it is certainly lar-
ger than the 79 identified individuals since nondistinctive individuals were present
during all encounters, with maximum group size estimates during some encounters
estimated to be as high as 150 individuals. These group size estimates are in sharp
contrast to the actual number of individuals identified in each encounter. Possible
explanations are that only certain individuals allow close enough approaches to obser-
vation vessels for successful capture or that group size estimates are biased upwards.
Observer bias has to be considered when estimating the size of large mixed-species
groups distributed over several square kilometers. The fact that group size estimates
of false killer whales in single-species groups were considerably lower than those in
mixed-species groups supports the likelihood of upward observer bias. However, false
killer whale social networks can include hundreds of individuals, as is evidenced by
mass stranding events, both in New Zealand (Baker 1981) and elsewhere (Ferreira
2008), suggesting that networks of this size also occur in New Zealand waters. It is
worth noting that the rate of new identifications generally decreased over the course
of the encounters described herein and that during some encounters no “new” indi-
viduals were identified at all. While false killer whales may initially appear to be
infrequent visitors within New Zealand waters, photo-identification data presented
here suggest recurrent use of the study area by a number of individuals and a level of
site fidelity higher than generally assumed. Known individuals exhibited evidence of
long-term associations, in many cases lasting years and spanning hundreds of kilome-
ters. These findings are consistent with photo-identification from Hawaii (Baird et al.
2008) and Costa Rica (Acevedo-Guti�errez et al. 1997). This, together with the high
resighting rate over more than 7 yr, suggests a relatively small number of individuals
with a reasonably high degree of site fidelity, albeit with a strong seasonal compo-
nent, occurring in the study area. Further data are needed to ascertain if these individ-
uals constitute a low-numbered, closed local population or form part of a larger, wide
ranging metapopulation. Genetic sampling of the species in Hawaiian waters shows
that individuals with high site fidelity form part of a closed population with a lim-
ited home range (Chivers et al. 2007, Baird et al. 2012).
The extremely high frequency of associations with bottlenose dolphins in the study

area, including repeat associations between individual false killer whales and
bottlenose dolphins spanning more than 5 yr and up to 650 km, suggests that such
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associations are not random. False killer whales are known to associate with other del-
phinids and have been observed in close, nonaggressive association with a number of
cetacean species (e.g., Leatherwood et al. 1989, Baird et al. 2008), in particular the
bottlenose dolphin (Mizue and Yoshida, 1961, Tsutsumi et al. 1961, Zhou et al.
1982, Leatherwood et al. 1989, Scott and Chivers 1990, Flores et al. 2003, Anderson
2005, Maze-Foley and Mullin 2006, Baird et al. 2008, Best and Reeb 2010, Zaesch-
mar et al. 2013). However, although bottlenose dolphin and false killer whale associ-
ations are reported previously in the literature and are considered relatively common
(Reeves et al. 2002), very few studies have so far attempted to elucidate the possible
extent and function of these associations (Zaeschmar et al. 2013). Associations (of any
duration) between cetaceans are often linked to prey occurrence (Bearzi 2005).
Indeed, apparent cooperation by false killer whales and bottlenose dolphins during
foraging on large schools of prey has previously been reported within the study area
(Zaeschmar et al. 2013) and has also been observed on several occasions during the
present study. However, based on these observations alone, parasitism by one of the
two species cannot be excluded. As foraging observations increased with encounter
duration, it is likely that joint foraging is more prevalent than is currently being
observed. However, the fact that foraging was not seen during many of the mixed-
species encounters also suggests that additional factors may influence these associa-
tions. Standard group benefits such as increased predator detection and avoidance
(Norris and Schilt 1988, Stensland et al. 2003, Kiszka et al. 2011) likely also apply.
Indeed, predation by killer whales (Orcinus orca), for both false killer whales and bot-
tlenose dolphins, is a bona fide risk in New Zealand waters (Visser 1999, Visser et al.
2010). Additionally, social factors may play a role and have been suggested as the
driving factor behind some mixed-species associations (Bearzi 1997, Baraff and
Asmutis-Silvia 1998). While results provide basis for the hypothesis that increased
foraging success may be a contributing factor in the apparent stable nature of these
associations, more data are required to ascertain the exact nature and function of their
formation.
We have illustrated that false killer whales observed in coastal waters of northeast-

ern New Zealand show long-term site fidelity to the region despite a strong seasonal
peak in occurrence. All individuals indentified so far are linked by association in one
single social network, with repeat associations between individuals documented. Indi-
viduals were encountered in shallow coastal as well as deeper offshore waters, with
occurrence close to shore possibly linked to the seasonal shoreward flooding of a warm
ocean current. While further data are required to elucidate questions regarding popu-
lation size and home range, a small local and possibly closed population cannot be
ruled out. It is also evident that false killer whale associations with bottlenose dol-
phins are far from random in these waters. Our findings highlight the importance of
long-term data collection and strongly support the need for dedicated research to be
conducted on the species in New Zealand waters. Given these findings, a reassessment
of the current conservation status in New Zealand may also be prudent.
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