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Fia. 1.—Bathymetry and location of herd strandings at major stranding sites in New Zealand. a,
Whangarei (eastern side) and Kaipara (western side); b, Golden Bay; c, Hawke Bay; d, Chatham
Island. Bathymetry is in 25-m intervals. Arrows indicate direction of currents. Stranding sites are
‘marked only if the precise location was known. Pilot-whale herd strandings are marked by a star (five
strandings) or a triangle (one stranding). Herd strandings of other species are marked by a circle (14
strandings, mostly of pygmy sperm whales) or a square (one stranding). All squares on the Kaipara
coast indicate strandings by sperm whales. Total strandings for each area were: Whangarei, 13 herd
by five species and 21 single by 10 species; Kaipara, six herd by two species and 12 single by cight
species; Hawke Bay, 23 herd by seven species and 163 single by 18 species; Golden Bay, 22 herd by
four species and 25 single by 12 species; Chatham Island, 31 herd by 10 species and 38 single by 13

species.

‘multiple herd-stranding sites only, because these:
presumably are effective whale traps.
RESULTS

One-hundred herd strandings (largest
stranding, 450 pilot whales) were recorded

in the five major herd-stranding areas (Fig.
1) at the time of this analysis. Forty strand-
ings by pilot whales and 25 strandings by
other species were recorded at stranding
hotspots at Whangarei Harbor entrance,
Kaipara beaches, Farewell Spit (Golden
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Bay), Opoutama Beach (Hawke Bay), and
Waitangi and Okawa beaches (Chatham Is-
land). Details of bathymetry and currents
in Fig. 1 are taken from more general in-
formation in Heath (1985).

‘The heads at the entrance to Whangarei
Harbor (Fig. 1a) protrude from the coastline
at the northern end of Bream Bay, and the
harbor extends inland (northwest) from the
heads. A gently sloping sandy beach extends
from the south to the entrance of the harbor.
A sand bank extends outwards from the
south side of the harbor entrance and is ex-
posed atlow tide. The land is low-lying south
ofthe harbor, whereas the heads to the north
rise steeply 10 300 m. The large volume of
the harbor results in strong surface-tidal
currents near the harbor mouth. Offshore,
the East Auckland current moves south-
‘ward past Whangarei. Most strandings have
occurred on the gently sloping beach ex-
tending south from the entrance, with a few
strandings inside the harbor. Houhora Har-
bor to the north of Whangarei, has a sim-
ilar configuration to Whangarei Harbor and
is the site of two herd strandings by pilot
whales.
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northwestern tip of South Island at the en-
trance to Cook Strait. Farewell Spit, on the
western side of Golden Bay, is 28 km long
and curves eastward to create a relatively
narrow opening 1o the bay. The beach on
the western (ocean) side of Farewell Spit is
sandy and slopes 1-3°. On the eastern side,
tidal mudfiats extend <8 km into the bay.
Surface currents in Golden Bay are highly
wind dependent, flowing toward the head
of the bay during northerly winds (most fre-
quent October-March) and out of the bay
during southerly winds (most frequent
April-August). The predominant flow is a
clockwise circulation within Golden Bay.
An upwelling region to the south on the
western coast (off Cape Farewell) supplics a
plume of nutrient-rich water that extends
into western Cook Strait. Squid (Mollusca,
Decapoda) occur along the edge of this
plume. Herd strandings of pilot whales and
southern right whale dolphins (Lissodelphis
peronii) occur mostly at the base of Farewell
Spit during the time of year when surface
flow is toward the head of the bay. Two
strandings of pilot whales (one involving
280 animals) have occurred since this anal-
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been no herd strandings on the northern
side of Mahia Peninsula or in the central
portion of Hawke Bay, although there have
been single strandings at both locations.
The knuckle-bone-shaped Chatham Is-
land (Fig. 1d) lies >700 km east of Christ-
church, South Island. The island is 50 km
long, 55 km at its widest northern end, has
a large lagoon in its center, and is flanked
by two large sandy bays, Hansons Bay (on
the eastern flank) and Petre Bay (on the
western flank). To the south are rocky cliffs,
and to the north are sandy bays with rocky
outcrops. Pitt Island, which lies south of
Chatham, is approximately one-third the
size of Chatham Island. Around the islands,
warm-saline subtropical-ocean currents
from the north and northeast meet colder,
less-saline Antarctic waters from the south
creating considerable turbulence. The two
frequent stranding sites for pilot whales arc
sandy beaches at Okawa (at the northern
end of Hansons Bay) and Waitangi (at the
southern end of Petre Bay). A reef extends
out from Okawa, hooking back into the bay.
The northern coast has similar beach types
toOkawa and Waitangi, but there have been
only two pilot-whale strandings on the en-
tire northern coast, and no herd strandings
have occurred in the gently sloping sandy
‘bay immediately north of Okawa. Two herd
strandings by pilot whales have occurred at
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Some differences were found among beach
types on which whales of different species
stranded (Table 1). There have been no herd
strandings on shingle or boulder beaches
(these beaches also tend to be relatively
steep). Three of the 11 strandings of com-
mon (Delphinus delphus) and dusky (La-
genorhynchus obscurus) dolphins were on
rocky coasts; no other species have stranded
on rocky coasts. The majority of herd
strandings were on open sandy beaches, al-
though some strandings were partially on
rock platforms at the end of sandy beaches.
Of the 19 strandings of delphinid species
that spend much of their time in waters over
the continental shelf, six were in estuaries.
‘We have no records of species that spend
much of their time offshore stranding in es-
tuaries.

Discussion

Locations of multiple-herd strandings by
whales in New Zealand appear to have sim-
ilar coastal configurations. Most involve
some form of protrusion from the coastline,
and virtually all are associated with long,
gently sloping beaches. For comparison with
New Zealand sites, we scarched the litera-
ture for descriptions of multiple herd-
stranding sites elsewhere in the world. The
narrow and hooked harbor entrance of Mac-
quarie Harbor (Tasmania— Warneke, 1983)
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creating considerable turbulence. The two
frequent stranding sites for pilot whales arc
sandy beaches at Okawa (at the northern
end of Hansons Bay) and Waitangi (at the
southern end of Petre Bay). A reef extends
out from Okawa, hooking back into the bay.
The northern coast has similar beach types
toOkawa and Waitangi, but there have been
only two pilot-whale strandings on the en-
tire northern coast, and no herd strandings
have occurred in the gently sloping sandy
‘bay immediately north of Okawa. Two herd
strandings by pilot whales have occurred at
‘Waihere, a long sandy bay on the west coast
of Pitt island.

Herd-stranding beaches sloped signifi-
cantly more gently (x¢ = 7.90,df = 3, P=
0.048; Fig. 2a) and were significantly less
indented (¢ = 9.27, df. = 2, P < 0.01; Fig.
2d)than random beaches. Nosignificant dif-
ferences were found for bay depth (x* = 4.25,
df =4, P > 0.1; Fig. 2b) and sediment
type (* = 2,61, df. = 3, P > 0.1; Fig. 20).

Over one-half (51%) of the 41 herd-
stranding sites were on beaches with slopes
of <1°. The only herd stranding on a beach
steeper than 4.4° was a stranding of 12 killer
‘whales (Orcinus orca)at Radio Station Beach
(mean slope 5.27), Chatham Island, in April
1984.

Discussion

Locations of multiple-herd strandings by
whales in New Zealand appear to have sim-
ilar coastal configurations. Most involve
some form of protrusion from the coastline,
and virtually all are associated with long,
gently sloping beaches. For comparison with
New Zealand sites, we scarched the litera-
ture for descriptions of multiple herd-
stranding sites elsewhere in the world. The
narrow and hooked harbor entrance of Mac-
‘quarie Harbor (Tasmania— Warneke, 1983)
is similar to Houhora and Whangarei, with
strandings occurring on a sandy beach that
is protected by the hook, but outside the
harbor. Bahia de La Paz (Mexico—Gil-
more, 1957), Augusta and Doubtful Island
Bay (Western Australia—Mell, 1988), Cir-
cular Head (Tasmania—Warneke, 1983),
and Cap Vert (Senegal—Sergeant, 1982) arc
all open bays with a hook (a peninsula or
cape) at one end, similar to Doubless Bay,
Mahia Peninsula, and Chatham Island.
Wellfeet Bay (Cape Cod, Massachusetts—
Mead, 1979) and Bahia San Bastion (Ar-
gentina—Goodall, 1978) are enclosed by a
sandspit and with extensive tidal flats, sim-
ilar to Golden Bay. Locations that do not
fit the above patterns are the Burin Penin-
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Raipara Harbor (Fig. 12), has a large vol-
ume and strong surface-tidal currents. A
shifting sand bar extends 3-7 km seaward
offthe harbor entrance (Stephenson, 1975).
Strong prevailing westerly winds are com-
mon and may increase onshore drift. To the
south, an upwelling occurs along the coast
between Kaipara and Manukau harbors
(Stephenson, 1975). The tidal flow from
Kaipara Harbor is measurable 100 km out
10 sea (Ridgeway, 1980). Three have been
four sperm-whale herd strandings and one
pilot-whale herd stranding on the Kaipara
coast, and one sperm-whale herd stranding
in Kaipara Harbor. One false-killer-whale
herd stranding has been recorded in Ma-
nukau Harbor. Tidal currents and sandbars
similar to those found around Kaipara Har-
bor occur off Manukau Harbor and other
west-coast harbors ncarby (¢.g., Raglan and
Hokianga).

Golden Bay (Fig. 1b) is situated at the

ysis was compieted. INo herd strandings have
been recorded on the outside of Farewell
Spit, although there have been single strand-
ings there.

Hawke Bay (Fig. 1c) is a long sandy bay
with relatively steep beaches. The northern
end of the bay is hooked by Mahia Penin-
sula (which extends 22 km at right angles
10 the rest of the coast). The peninsula has
a rocky coast except for Opoutama, a gently
sloping sandy beach at its inner base. The
southern end of Hawke Bay is hooked by
Cape Kidnappers. Water moves westward
into Hawke Bay along the midline and bi-
furcates to produce along-shore drift north
and south, with water leaving the bay at its
northern and southern extremities (Ridge-
way and Stanton, 1969). Hawke Bay has
frequent strandings for several species. The
major stranding site is to the north, at
Opoutama Beach, but strandings also occur
at two smaller southern hooks. There have
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Fig. 2.—Comparison of physical features of herd stranding and randomly selected sites. Sample
sizes differ for slope because fewer random beaches than stranding beaches were visited. Measurements.
for the other three variables were obtained from maps. Indentation is expressed as a unitless value
computed by dividing width across the bay mouth by distance from mouth to farthest inshore point.

sula, Sable Island, and Notre Dame Bay (all
of eastern Canada—Sergeant, 1982), Sara-
sota (Florida—Montgomery, 1987), and
Kaipara (New Zealand).

Could our records be biased toward sandy
beaches for human cultural reasons? Hu-
mans prefer gently sloping sandy beaches,
and dark whales will be more obvious
againsta pale sandy background than against
dark rocks (Odell, 1987). We reject this no-
tion for three reasons. First, our analysis is
of herd strandings; the number of animals

involved means they are likely to be noticed
whatever beach type they are on. Second,
we have many records of single strandings
on rocky shores; records of single strandings
are even more likely than herd strandings
10 be biased toward sandy beaches for the
reasons suggested by Odell (1987). Third,
our analysis is of multiple-stranding sites.
It seems unlikely that rocky shores on which
whales have herd-stranded several times
would have gone unrecorded in the data
base.
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Taste 1.— Beach types at which different species of whales have stranded in New Zealand.

Beach types
Closed Open  Open- Closed- Sand- Shingle-

mud-  mud-  sandy sandy rocky boulder Rocky
Species flats  fats  beach beach coast beach coast Toul
Globicephala melaena 0 B 2 2 3 60
Pseudora crassidens 1 2 2 s
Lissodelphis peronii 4 1 5
Delphinus delphis 2 3 1 2 8
Lagenorhynchus obscurus 2 1 1 4
Tursiops truncatus 3 2 2 7
Orcinus orca 3 1 4
Physeter macrocephalus 1 1 6 1 2 n
Kogia breviceps 2 8 10
Mesoplodon grayi 1 7 3 1 2
Total 19 4 4 0% 7 o 316

Our analysis indicates that whales do not
strand at random locations. Also, our data
support the earlier hypothesis of Dudok van
Heel (1962), that strandings should occur
‘on gently sloping sandy beaches because such
beaches would be likely to confuse echo-
location signals. Dudok van Heel’s hypoth-
esis suffers from two major problems (Odell,
1987). First, recent studies suggest that slop-
ing shorelines do not disrupt echolocation
signals, and that suspended particles, which
are likely to occur over stirred-up sandy
beaches, do not impede the transmission of
underwater sound (Geraci, 1978). Second,

between stranding and phase of the moon
and, hence, tidal cycles. The scale on which
coastal geomagnetic maps have been made
in New Zealand varies with parts of the
coastline, and only a part of the stranding
data can be used. However, the analysis of
the relationship between strandings and
‘geomagnetic topography made by M. W.
Brabyn and R. V. C. Frew (in litt) using the
fine-scale maps that are available indicates
no relationship. Our results are based on
the largest sample of herd strandings avail-
able in the world, and we believe that the
few relationships found in the above anal-
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Most strandings at Kaipara are by sperm
whales, and it would be convenient 1o ig-
nore this location as a special case because
sperm whales rarely strand elsewhere, even
though they are common around the New
Zealand coastline (Gaskin and Cawthorn,
1967). It is more reasonable to arguc that
the conditions under which different species
strand are likely t0 vary somewhat, and that
‘morphologic traps will be more effective for
some species than for others. At best, mor-
phologic traps with gently sloping sandy
beaches can only provide a partial expla-
nation of the proximate causes of whale
strandings. However, they must count as a
significant factor in the continuing scarch
for an understanding of this phenomenon.
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underwater sound (Geraci, 1978). Second,
it is not known if all toothed whales that
herd-strand have sophisticated echo-rang-
ing ability, or if they use that ability for
navigation even if they have it. We cannot
resolve these issues here, but note that our
data support Dudok van Heel's (1962) hy-
pothesis even though his proposed mecha-
nism is in doubt.

We found some association between sur-
face currents and stranding ites, as did Mai-
gret (1979). Whales may be more likely to
strand on gently sloping sandy beaches that
are hooked at one end if surface currents
also move toward the beach. Elsewhere,
Brabyn (1991) reported some association
between whale strandings and increasing
barometric pressure (although not with any
other weather pattern), and no relationship

few relationships found in the above anal-
yses further support the notion that coastal
morphology is an important factor to be
considered in whale strandings.

Clearly, supposed causes of whale strand-
ings must be related to the migratory pat-
terns of the whale species concerned. For
example, a beach such as Opoutama (Hawke
Bay) that is hooked for northward moving
animals will appear as a smooth rocky
coastline to southward moving animals.
Currently, we cannot investigate such re-
lationships because 100 little is known about
‘migratory patterns of whale species around
New Zealand.

Some locations of multiple-herd strand-
ings, such as the exposed beaches at Kai-
para, or the sites noted above in eastern
Canada, are not obvious morphologic traps.
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OCEANOGRAPHY AND COASTAL TOPOGRAPHY OF
HERD-STRANDING SITES FOR
WHALES IN NEW ZEALAND

Mark W. BraBYN AND IAN G. McLEAN

Department of Zoology, University of Canterbury,
Christchurch, New Zealand

Physical aspects of sites of herd strandings by whales in New Zealand are compared with
random sites at which strandings have not occurred. Both slope and indentation were sig-
nificantly less for stranding than for random sites. The coastal configuration of multiple
herd-stras sites in New Zealand was compared with sites elsewhere in the world.
Multiple herd-stranding sites all had similar coastal topography; specifically, gently sloping
sandy beaches with an adjacent protruding section of coastline. There appeared to be a
relation between local currents and herd stranding in Hawke Bay and Golden Bay (New
Zealand). Wind-derived onshore currents are most common during the time of year when
strandings occur in Golden Bay, New Zealand, and in Cap Vert, Senegal.

Key words:  whales, herd stranding, New Zealand
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Ofall the behaviors exhibited by animals,
one of the hardest to explain is the stranding
of apparently healthy whales on beaches,
leading in most cases to their deaths. Nu-
merous strandings have been recorded for
scals and sea lions (Otariidae), sea otters
(Enhydra lutris), and fish (Geraci, 1978).
However, these usually are single strandings
attributable to accident, parasitism, or dis-
ease. Herd strandings of live animals appear
to be unique to toothed whales (Geraci,
1978). Although many theories have been
proposed explaining why whales strand, few
are based on sound evidence (review in Bra-
byn, 1991). Here, we address the hypothesis.
that whale strandings are related to partic-
ular conditions of oceanography and coastal
topography.

Studies of other stranding records have
suggested that certain oceanographic con-
ditions (McCann, 1964; Nicol, 1985; Ser-
geant, 1982; Stephenson, 1975), beach types
(Dudok van Heel, 1962), and coastal con-
figuration (Gilmore, 1957; A. G. Tomilin,
in litt; Wameke, 1983) are common to
stranding sites. Dudok van Heel (1962) sug-

. Mamm. 7301469476, 1992 469

gested that strandings occur on gently slop-
ing beaches because gentle slopes cause dis-
tortion of the echo signal crucial to cetacean
navigation, in the same way that a gently
sloping glass wall obstructs the perception
of a bat. Whales, perceiving that a sea pas-
sage exists where one does not, become
stranded.

Dudok van Heel (1962:492) noted mul-
tiple herd strandings at Whangarei (north-
ern New Zealand) and stated “It i signifi-
cant that a bay with beaches exactly fitting
our concept on the strandings of living
‘whales shows so many victims.” Similarly,
Robson (1984) noted that Mahia Peninsula
(east coast, North Island, New Zealand), the
site ofa large number of pygmy sperm whale
(Kogia breviceps) strandings, was an excel-
lent example of a gently sloping stranding
trap.

Since the extensive study by Dudok van
Heel (1962), there has been little quantita-
tive analysis of stranding sites. During an
analysis of strandings along the British coast,
Klinowska (1986) found that live-stranding
sites have no common geomorphology, but
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have common geomagnetic topography.
Most of the live strandings in her study were
of single whales, many of which could have
been sick and therefore likely to strand any-
where. Herd strandings are less likely to be
caused by poor health and are more suitable
for analysis of the characteristics of whale-
stranding sites.

‘The basis of this study was the New Zea-
land whale-stranding data base, established
in 1988 and described in detail in Brabyn
(1991). At the time of analysis for this pa-
per, the data base contained 1,140 records
of strandings involving 8,287 individuals,
35 species, 163 herd strandings (= 1 indi-
vidual, excluding mother-calf pairs), and 304
known-live strandings. This is one of the
largest records of strandings, in particular
herd strandings, in the world.

Brabyn (1991) found that herd strandings
in New Zealand are concentrated at four
locations; Whangarei, Hawke Bay, Golden
Bay, and Chatham Islands. The purpose of
this paper is to investigate the morphology
of the major herd-stranding sites to deter-
mine whether there are features unique to
these sites. The identification of any such
features may lead to a better understanding
of why herd strandings occur at particular
locations. We asked three questions. What
kinds of beaches and bays are most char-
acteristic of stranding sites? Do multiple
herd-stranding sites have similar coastal

Vol. 73, No. 3

had occurred, and slopes of nearby beaches where
no strandings were recorded (usually within 100
km ofa herd-stranding site). Slope was measured
atlow tide at five points along the beach spaced
ca. 75 m apart; fewer measurements were made
on small beaches. Slope was measured by sight-
ing on a stake 20 paces down the beach through
an amni-level. The five readings were averaged
10 give a mean slope value for the particular site,
and the means were compared among beaches.
Slope measurements were not taken on rocky
coasts because of the few strandings recorded on
them. Beach slope changes seasonally and over
time, and therefore measurements were analyzed
in broad categories (<1, 1-3°, 3-T%, >79.

The distance to the 50-m isobath, sediment
type, and bay indentation were taken from charts,
Stranding sites were compared with the same
number of randomly chosen beaches. Random
beaches were chosen by measuring arbitrary dis-
tances along the edge of the coast from the map
edge. Only strandings involving more than four
‘whales were used. The distance to the 50-m iso-
bath was measured using the Bathymetry Coastal
Chart Series (Occanographic Institute, Depart-
ment of Scientific and Industrial Research; scale
1:200,000). Strandings by pilot whales, false kill-
er whales (Pseudorca crassidens), and sperm
whales (Physeter macrocephalus) were used. Sed-
iment types at herd-stranding beaches for pilot
whales were taken from the Sediments Coastal
Chart Series (Oceanographic Institute, as above).
No sediment map was available for the Chatham
Islands. The indentation of bays was computed
by dividing the width across the mouth of the
bay by the distance from the mouth to the fur-
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Brabyn (1991) found that herd strandings
in New Zealand are concentrated at four
locations; Whangarei, Hawke Bay, Golden
Bay, and Chatham Islands. The purpose of
this paper is to investigate the morphology
of the major herd-stranding sites to deter-
mine whether there are features unique to
these sites. The identification of any such
features may lead to a better understanding
of why herd strandings occur at particular
locations. We asked three questions. What
kinds of beaches and bays are most char-
acteristic of stranding sites? Do multiple
herd-stranding sites have similar coastal
configurations? Does the nature of stranding
sites vary for different herd-stranding spe-
cies?

MeTHoDS

Herd-stranding sites on mainland New Zea-
land were surveyed in December, January, and
February 1988-1989. Sites on Chatham Island
(the main island of the Chatham group) were
surveyed in January 1990. Where possible, the
exact location of stranding sites was determined
by conferring with local people. Sites were mea-
sured for 11 species; however, the majority of
sites were where pilot whales (Globicephala ma-
laena) had stranded. Comparison was made be-
tween slopes of beaches where herd strandings

edge. Only strandings involving more than four
‘whales were used. The distance to the 50-m iso-
bath was measured using the Bathymetry Coastal
Chart Series (Oceanographic Institute, Depart-
ment of Scientific and Industrial Research; scale
1:200,000). Strandings by pilot whales, false kill-
er whales (Pseudorca crassidens), and sperm
whales (Physeter macrocephalus) were used. Sed-
iment types at herd-stranding beaches for pilot
whales were taken from the Sediments Coastal
Chart Series (Oceanographic Institute, as above).
No sediment map was available for the Chatham
Islands. The indentation of bays was computed
by dividing the width across the mouth of the
bay by the distance from the mouth to the fur-
thermost inshore point. Low values signify a deep
and narrow bay, and high values an open and
wide bay. The same charts as for the S0-m iso-
bath were used. Only strandings by pilot whales
were used.

‘The frequency of herd strandings on different
beach types was compared among whale species.
Each stranding site was classified into one of the
beach categories; closed mudflats, open mud-
flats, open-sandy beach, closed-sandy beach,
sand/rocky coast, shingle/boulder beach, rocky
coast. Sand/rocky coast indicates  stranding site
at the end of a sandy beach where some animals
stranded on a rock shelf. Open and closed beach-
es refer to the nature of the bay entrance. A closed
‘mudfatincludes enclosed estuaries and an open-
sandy beach refers to an almost straight coast.
For analysis of coastal configuration, we used
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