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ABSTRACT: The main Hawaiian Islands are the primary winter reproductive area for the majority of 
North Pacific humpback whales Megaptera novaeangliae. Identification photographs of indiv~dual 
whales, including 63 females sighted in at least 2 bfferent years and with at least 1 calf, were collected 
from waters off the islands of Maui and Hawaii ('Big Island') between 1977 and 1994. Calves formed a 
significantly larger proportion of the populahon off Maui than off the Big Island. The overall proportion 
of calves to all whales identified (crude birth rate) was 0 099 off Maui and 0.061 off the Big Island. Also, 
considering only females seen in more than 1 year, the number of calves per female per year (calving 
rate) was 0.7 l off Maui and 0.52 off the Big Island. These rates may be inflated somewhat because of 
the greater likelihood of sighting and identifying females with calf than females without. Females 
sighted at both Maui and the Big Island in different years were with a calf sigruficantly more often in 
Maui waters than in Big Island waters. It was concluded that habitat utilisation by females varies 
between Maui and the Big Island, and appears to depend in part upon reproductive status. 
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INTRODUCTION 

The main Hawaiian Islands are the winter repro- 
ductive area for the majority of North Pacific hump- 
back whales Megaptera novaeangliae (e.g.  Herman 
1979, Baker & Herman 1981, 1987). Mature females 
are believed to conceive during the winter season on, 
or en route to, the winter grounds, and return to give 
birth the following winter after a gestation period of 
10 to 12 mo (Chittleborough 1958, 1965, Nishiwaki 
1959). Although examinations of commercial whaling 
catches revealed occasional twin foetuses (Tornilin 
1967), no female has ever been documented with more 
than 1 calf. 

Although humpback whales have been studied ex- 
tensively in Hawaii (e.g. Herman & Antinoja 1977, 
Darling & Morowitz 1986, Glockner-Ferrari & Ferrari 

1990, Frankel et al. 1995), little is known about habitat 
utilisation within this region. The majority of hump- 
backs are found within the 183 m (100 fathom) isobath 
(Herman & Antinoja 1977, Herman et al. 1980, Mobley 
et al. 1997), and it has been proposed that mother-calf 
pairs are distributed primarily in nearshore, shallow 
water (e.g. Herman et al. 1980, Glockner & Venus 1983, 
Smultea 1994). Similar findings have been reported 
for the winter grounds of the North Atlantic (e.g. 
Whitehead & Moore 1982, Mattila & Clapham 1989). 
Although mother-calf pairs are found throughout the 
main Hawaiian Islands, there have been suggestions 
that some areas are favoured over others. Herman et 
al. (1980) performed aerial and ship-based surveys 
throughout the main Hawaiian Islands in 1977 and 
found that calves were much more common in the 4- 
island region of Molokai, Lanai, Maui and Kahoolawe 
(collectively referred to here simply as 'Maui') than 
elsewhere. For example, in January and February, 
73.6% of all calves seen were off Maui, whereas only 
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11.3 % were seen off the island of Hawaii (known as 
the 'Big Island'). Until now, however, there has been 
no systematic comparison of long-term calving data 
collected off different Hawaiian islands. 

The factors that determine humpback distribution in 
Hawaii are largely unknown; given the temporal and 
geographical separation of feeding and reproduction 
in humpbacks, their distribution in the winter grounds 
cannot be predicted from the distribution of prey 
resources. Humpback whales are known to exhibit 
some temporal segregation in migration to the winter 
grounds on the basis of age, sex and reproductive sta- 
tus (e.g. Dawbin 1966, Nishiwaki 1966). Baker & Her- 
man (1981) reported differences in migratory timing 
for different locations within the Hawaiian Islands: the 
number of whales peaked relatively early at the Big 
Island, and progressively later peaks occurred at Maui, 
Penguin Bank and Oahu. Baker & Herman (1981) sug- 
gested that different locations within Hawaii may be 
used by whales of different age-sex classes or repro- 
ductive states, and that the temporal segregation in 
migration demonstrated by Dawbin (1966) and Nishi- 
waki (1966) may result in differing patterns of peak 
abundance in different locations within the Hawaiian 
breeding range. 

Humpback whales can be identified individually by 
the black-and-white pigmentation and scarring on the 
ventral surface of the tail flukes, together with the pat- 
tern of serrations along the trailing edge (Katona et al. 
1979). Photo-identification enables the compilation of 
individual sighting histories across years and locations. 
Previous photo-identification studies have calculated 
crude birth rates by dividing the number of calves 
identified by the total number of whales including 
calves (e.g. Clapham & Mayo 1987, 1990); calving rates 
were calculated by dividing the number of mature 
females with calves by the number of mature females 
with or without calves (e.g. Baker et al. 1987, 1992, 
Clapham & Mayo 1987, Perry et  al. 1990, Straley 1994). 
However, none of these studies compared long-term 
reproductive data collected in more than 1 location 
within a winter ground. 

Baker et al. (1987) calculated calving rates for 
females observed in Hawaiian waters between 1978 
and 1984, based on a sample of 38 sightings of 18 
females. The present study extends this data set to 150 
sightings of 63 females observed between 1977 and 
1994. Calving rates are calculated separately for Maui 
and the Big Island, and the extent to which females, 
~ . i t h  or without a calf, were observpd in each area is 
examiner1 to determine if habitat use varies with re- 
procluctive status. Crude birth rates are calculateti 
separately for Llaui and the Big Island using our iden- 
tifications of all whales (not slmply females) between 
1977 and 1994. 

METHODS 

The present study utilised fluke photographs and 
associated data collected in waters off Maui and the 
Big Island (Fig. 1) by staff of the Kewalo Basin Marine 
Mammal Laboratory (KBMML) between January and 
April of each year from 1977 to 1994. Table 1 sum- 
marises the data collection effort. Because whale den- 
sity peaks and diminishes earlier in the season at the 
Big Island than Maui (Herman et  al. 1980, Baker & 
Herman 1981), Big Island observations were some- 
times discontinued at an earlier date than were obser- 
vations off Maui. 

The whales were followed in small outboard boats 
and photographed using 35 mm cameras equipped 
with telephoto lenses, typically of 300 mm. High-speed, 
black-and-white film was generally used, although 
colour slide film was also used occasionally. There was 
no deliberate selection of particular whales or groups 
of whales for photography. Whales were typically fol- 
lowed for as long as was necessary to obtain good fluke 
photographs. The best photograph of each whale's 
flukes was allocated a unique observation number, 
and was classified into 1 of 5 categories according to 
the degree of white pigmentation. Each fluke photo- 
graph was compared visually to the others in the same 
colour category, and those found to match unambigu- 
ously were assigned a common 'resight' number (e.g. 
Perry et al. 1988). It was thus possible to link together 
all identifications of a given individual across time. 
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Fig. 1. hlap of the study areas: west blaui (Area A) and the 
northwest Kohala coast of IIawaii ('Big Island') (..Ire3 B). 

Dashed lines represenl the 183 m (100 fathom) isobath 
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Table 1. Data collection in Hawaiian waters 

' Year 

1977 
1978 
1979 
1980 

1981 

1982 
1983 
1984 
1985 

1986 

1987 
1988 

1989 
1990 
1991 
1992 
1993 
1994 

Location 

Maui 
Maui 
Maui 
Maui 
Big Island 
Maui 
Big Island 
Maui 
Maui 
Maui 
Maui 
Big Island 
Maui 
Big Island 
Maui 
Maui 
Big Island 
Big lsland 
Big Island 
Big Island 
Big Island 
Big Island 
Big Island 

Study period Effort (total days) 

12 Feb-20 Apr Unknown 
1 Feb-8 Apr 40 
3 Feb-31 Mar 37 
27 Jan-2 Apr 44 
15 Jan-5 Apr 27 
11 Jan-12 Apr 34 
21 Jan-24 Feb 23 
3 Jan-28 Mar 43 
1 Feb-29 Mar 52 
26 Jan-28 Mar 55 
6 Mar-6 Apr 28 
18 Jan-12 Mar 32 
1 Mar-22 Apr 39 
19 Jan-27 Feb 2 8 
23 Jan-12 Apr 64 
17 Mar-16 Apr 22 
13 Jan-l0 Mar 44 
7 Jan-3 Apr 63 
11 Jan-13 Apr 59 
9 Jan-15 Apr 59 
11 Jan-3 Apr 42 
15 Jan-7 Apr 62 
26 Jan-19 Mar 3 6 

Whales were assumed to be female on the basis of 1 or 
more identifications with a calf: during each observa- 
tion, the mother was distinguished by her consistently 
close proximity to the calf, because there is no reliable 
method of determining sex from surface observations. 
It was assumed that all females sighted wthout a calf 
in a given year did not produce a calf that year. 

All data associated with each fluke photograph were 
stored in a Statistical Analysis System (SAS) file on the 
IBM ES/9000 mainframe computer at  the University of 
Hawaii. These data were accessed by means of pro- 
grams written in the SAS programming language, and 
SAS was used in the calculation of all statistics. 

RESULTS 

Reproductive histories 

Reproductive histories were compiled for 63 females 
identified in Hawaiian waters in more than 1 year 
from 1977 to 1994 (see Table 2).  Of the 63 females, 
34 (54.0%) were identified at both Maui and the Big 
Island, 18 (28.6%) at Maui only, and 11 (17.5%) at the 
Big Island only. No female was identified at both loca- 
tions within the same year. These 63 females produced 
a total of 95 calves. Table 2 shows that a calf was pre- 
sent in 63 of 89 (70.8%) Maui records, and in 32 of 61 
(52.5%) Big Island records (Yates corrected X,' = 4.48, 
p = 0.034). When only the 34 females identified in both 
locations were considered, a calf was present in 35 of 
50 (70.0%) Maui records but only 16 of 39 (41.0%) Big 
Island records (Yates corrected X,' = 6.38, p = 0.012). 

Of the 29 Big Island records of females without a calf, 
only 8 featured females who had never been seen with 
a calf previously. Thus, 21 of the 29 (72.4 %) records of 
females without calves off the Big Island featured 
females who were known to be sexually mature. 

Table 2. Megaptera novaeangliae. Years seen, locations and reproductive status of all females identified in more than 1 year in 
Hawaii. All years in whlch a female was accompanied by a calf are underlined (M, Maui; B, Big Island) 

Whale Sightings Whale Sightings Whale Sightings 
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Also, of the 63 females, 38 were identified with a calf 
in 1 year only, 19 were identified with calves in 2 
different years, 5 with calves in 3 different years and 
1 with calves in 4 different years. The longest interval 
between first and last identifications with calf for any 
female was 15 yr: Whale 75 was first identified with a 
calf off Maui in 1979, and most recently identified with 
a calf off the Big Island in 1994. During this interval, 
she was also identified with a calf off Maui in 1981 
and in 1986. 

Of the 13 females whose histories included identifi- 
cations in 2 or more consecutive years, only 1 was iden- 
tified with a calf in successive years. This is consistent 
with other data indicating that annual births constitute 
a minority of interbirth intervals in humpback whales 
(e.g. Chittleborough 1958, Straley 1994, Barlow & Clap- 
ham 1997). 

Calving rates 

If identification histories of females were complete, 
the mean calving rate (calves per female per year) 
would be the inverse of the mean calving interval. 
However, because there are few identifications of fe- 
males in consecutive years, calving rates must be  esti- 
mated in a different way. Following the example of 
Baker et al. (1987) and Clapham & Mayo (1987), the 
yearly and overall calving rates were estimated from 
Table 2 by dividing the number of females with a calf 
in each year by the total number of females with or 
without a calf that year. Because the sex of females was 
determined through identifications with a calf on 1 or 
more occasion, no whale identified in 1 year only could 
be considered female unless she was accompanied by 
a calf. These females were excluded from the calcula- 
tion so that the calving rate was not artificially inflated. 

Table 3 summarises the yearly calving rates, catego- 
r ~ s e d  by island region. The total number of females 
from which each calving rate was calculated is shown 
in parentheses. Excluding cases where the sample size 
was 3 or less, annual rates in Maui varied between 0.53 
in 1984 and 1.00 in 1986, and annual rates for the Big 
Island varied between 0.20 in 1988 and 0.80 in 1994. 

The mean of the annual calving rates is not truly rep- 
resentative of the data because of small sample sizes in 
some years. Considering only those years in which 5 or 
more females were seen, the mean calving rate for 
Maui was 0.73 (SE = 0.06) and the mean calving rate for 
the Big Island was 0.56 (SE = 0.07). The overall calving 
rate, calculated by dividing the total number of females 
with calves by the total number of females with or with- 
out calves, better represents all available data. The 
overall calving rate was higher for Maui (0.71) than for 
the Big Island (0.52). As described earlier, this geo- 
graphical difference in the number of calves per female 
was significant. When all data from both locations were 
combined, the overall calving rate was 0.63. 

Crude birth rates 

The crude birth rate was calculated for each year 
and location by dividing the total number of calves 
by the total number of individual whales (including 
calves) identified in that year and location (Clapham & 
Mayo 1987). Because young calves rarely reveal their 
flukes above water in the winter grounds, and because 
the pigmentation patterns on the flukes of young 
calves are  still developing into a stable form (Carlson 
et  al. 1990), the number of calves for each year and 
location was derived from the number of individual 
mothers identified in the fluke catalogue. In order to 
obtain the denominator of the calculation, the number 
of calves was then added to the number of individual 
whales that had been identified, yielding the total 
number of individual whales for each year and loca- 
tion. Table 4 shows the annual crude birth rates, 
expressed in terms of calves per individual per year, 
for whales identified off Maui and the Big Island. The 
total number of individual whales from which each 
birth rate was calculated is shown in parentheses. 
Excluding sample sizes of less than 10, yearly birth 
rates in Maui varied from 0.012 in 1979 to 0.191 in 
1986. For the Big Island, yearly birth rates varied from 
0.000 in 1981 to 0.076 in 1990. 

As with calving rates, the mean of the annual birth 
rates does not truly represent the data because of small 

Tclhle 3. ,Vfegaptera novaeangliae. Annual calving rates lin parentheses total no. of females) in Hawaiian waters. -: no data were 
collected for this location and year. 'Some data were collected, but no fcmales were seen 

Location 1977 1918 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 199.3 1994 Overall 
P P 

hlilui 0 0.fj7 0.50 1.0 0.75 0.70 0.81 0.53 1.0 1.0 0 55 0.80 ' - - - - - 0.71 
(1) (3) (2) (2, (8) (10) (16) f19) (2)  (10) (11) ( 5 ~  (89) 

Eig Island - - 0.33 0 - - - 0.60 - 0.20 0 6 0  0.63 0.29 0.57 0.67 0.80 0.52 
(3) (3 )  (5) (51 (10) ( 8 )  f7)  (61 (91 151 (61) 
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Table 4. A4egaptera novaeanqliae. Annual crude birth rates (in parentheses total no. of whales, including calves) in Hawaiian 
waters. -: no data were collected for this location and year 

Location 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 Overall 

Maui 0 0.121 0.012 0.028 0.046 0.115 0.108 0.094 0.115 0.191 0.127 0.122 0 - - - - - 0 099 
(9) (33) (81) (106) (153) (157) (251) (254) (26) (89) (252) (139) (1) (1551) 

Big Island - - 0 0.015 0 - - - 0.063 0.057 - 0.039 0.065 0.076 0.058 0.070 0.074 0.065 0.061 
(1) (68) (54) (16) (87) (307) (293) (342) (311) (244) (392) (232) (2347) 

sample sizes in some years. Excluding years in which 
less than 10 whales were identified, the mean birth 
rate for Maui was 0.098 (SE = 0.015) and for the Big 
Island was 0.053 (SE = 0.007). The overall birth rate, 
calculated by dividing the total number of calves by 
the total number of individual whales (including 
calves), is more representative of all available data. 
The overall birth rate was higher for Maui (0.099) than 
for the Big Island (0.061). The proportion of individuals 
that were calves in Maui significantly exceeded the 
proportion at the Big Island (Yates corrected x12 = 

18.40, p = 0.001). When all data from both locations 
were combined, the overall crude birth rate was 0.076. 

DISCUSSION 

The results of this study suggest that the waters off 
west Maui are more highly utilised by mothers with 
their calves than are the waters off the northwest coast 
of the Big Island: individual females were more likely to 
be accompanied by calves off Maui than off the Big 
Island, and calves formed a greater proportion of the 
population in Maui waters than in the waters of the Big 
Island. Thus, it appears that the distribution of female 
humpback whales in Hawaiian waters depends, in part, 
upon reproductive status. Caution should be exercised, 
therefore, before attempting to generalise on the basis 
of reproductive data from a single sub-region of the 
winter grounds. Our findings of differences in habitat 
preferences are unlikely to be a result of differences in 
sampling technique between the 2 locations because 
the same data collection protocol was followed in both. 
There were differences in the timing of data collection 
in each location, such that many of the Big Island data 
were collected in more recent years than were Maui 
data. This raises the possibility that the results could 
have been influenced by an overall decline in repro- 
ductive rates across time. However, the regression of 
crude birth rate on year (Table 4) shows a positive slope 
for both the Big Island (y = 0 . 0 0 5 ~  - 0.368, p = 0.0002) 
and Maui (y = 0 . 0 0 6 ~ -  0.405, p = 0.1942). The positive 
slope, although not significant in the case of Maui, 
argues against a decline in birth rates. Moreover, aerial 
surveys throughout the main Hawaiian Islands have 

revealed that the overall population size and numbers 
of calves have increased over time, and that calf sight- 
i n g ~  have increased significantly off the Big Island 
(Mobley et al. 1999). Thus, the results reported here are 
unlikely to be due to temporal rather than geographical 
trends. 

Previously reported birth rates are generally very 
close to the overall birth rate (0.076) reported here. 
For example, a total of 302 whales, 22 of which were 
calves, were seen during aerial surveys of the Hawai- 
ian Islands in 1976 (Herman & Antinoja 1977, their 
Table 2), yielding a birth rate of 0.073. Likewise, 
Clapham & Mayo (1987, 1990) reported mean birth 
rates of 0.075 and 0.079 for the Gulf of Maine. How- 
ever, the Maui birth rate (0.099) reported here is sub- 
stantially higher than these values, and the Big Island 
rate (0.061) is somewhat lower. 

The calving rate of 0.58 calves per female per year in 
Hawaii reported by Baker et al. (1987) falls between 
the overall calving rate (0.63) and the Big Island rate 
(0.52) presented here, but is considerably lower than 
the Maui rate (0.71). A calving rate of 0.71 is higher 
than would be predicted from the assumption that 
mature female humpbacks reproduce, most commonly, 
every 2 yr (e.g. Chittleborough 1958, Clapham & Mayo 
1990, Straley 1994, Barlow & Clapham 1997). This sup- 
ports the idea that females with calves are more highly 
represented in the population off West Maui than in 
the wintering population as a whole. 

In general, estimated calving rates may be inflated 
because not all females in the population have been 
identified. Also, the calculation of calving and birth 
rates assumed that the presence or absence of a calf 
had no effect on the probability of capturing a female 
photographically. However, because it appears that 
not all females migrate to the reproductive areas each 
winter (Brown et al. 1995, Craig & Herman 1997), the 
probability of capture may be higher in the years when 
a female has a calf. In any given year, therefore, some 
females who otherwise would contribute to the denom- 
inators of reproductive rate calculations are missing 
from the winter grounds. Consequently, estimates of 
reproductive rates for the winter grounds are likely to 
be biased upwards. This potential bias is likely to 
affect calving rates more than birth rates because the 
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denominator of the calving-rate calculation includes 
known females only, whereas the denominator of the 
birth-rate calculation includes males and whales of 
unknown sex as well. Indeed, calving rates reported 
from the summer grounds are generally lower than 
those calculated for the winter grounds. For example, 
Baker et al. (1992) reported an overall calving rate of 
0.36 calves per female per year in southeastern Alaska, 
and Clapham & Mayo (1990) reported a mean of 0.41 
calves per mature female per year for humpbacks in 
the Gulf of Maine. This discrepancy between calving 
rates from feeding areas and those from wintering 
areas may be due in part to calf mortalities before 
arrival in the summer grounds, but at the same time, a 
greater percentage of the female population is likely to 
be present and therefore identified in the summer 
grounds than in the winter grounds. 

There are no previously published studies compar- 
ing long-term reproductive data collected in more than 
1 location within any humpback winter ground. How- 
ever, the present results are consistent with earlier aer- 
ial surveys of the Hawaiian Islands showing that calves 
were more numerous within the Maui region than in 
the waters off the Big Island (Herman et  al. 1980). Fur- 
ther support comes from shore-based observations of 
humpbacks in Maui and the Big Island. In 1987 and 
1988, KBMML personnel collected data from 2 ele- 
vated shore stations on Maui and from 2 on the Big 
Island (see Helweg & Herman 1994 for details). The 
shore-based research teams used high-powered optics 
to determine the composition of all pods within 6.5 km 
of the observational platform. In contrast to photo- 
identification data, these data did not depend upon 
obtaining fluke photographs of the mother. A re-exami- 
nabon of the data presented by Helweg (1989, Tables 13 
to 16) showed that 53 of 588 (9.0 %) whales observed at 
Maui were calves, but only 25 of 480 (5.2%) whales 
observed at the Big Island were calves (Yates corrected 
xI2 = 5.10, p = 0.024). These shore station results are 
close to the results reported here for each region, 
based on photographic identification data. 

Although there have been no comparisons of long- 
term data collected from different areas within the win- 
ter grounds of the North Atlantic, data from ship-based 
surveys have suggested that calves are not distributed 
evenly throughout the West Indies (Whitehead & Moore 
1982, Vattila & Clapham 1989). However, humpback 
whale densities as a whole vary throughout this region, 
SEC! it !S .nnt clear  if t h e  ?ror)r)rtion of calves relative to 
adults varies across sub-regions. 

Our results show thal there was considerable intcr- 
change between the Big Island and hlaui across years: 
morc than half the females were identified in both 
locations in different years. Darling X: \,fcSweeney 
(198.5) rcportcci that 33% of humpback whales identi- 

fied off the Big Island between 1978 and 1981 were 
also identified off Maui between 1977 and 1981, but 
the sex of these whales was not reported. However, 
Cerchio et  al. (1998) reported that between 1989 and 
1991, only 40 of 1072 whales identified at Kauai and 
the Big Island were identified in both locations, and of 
these, only 1 was known to be female. The Big Island is 
much closer to Maui than to Kauai, and it is possible 
that females move more commonly between the Big 
Island and Maui than they do between the Big Island 
and Kauai. However, the present study is based on 
considerably more seasons (18) than were analysed by 
Cerchio et al. (31, and it is probable that many more 
female movements would have been documented 
between Kauai and the Big Island had the sample size 
been larger. 

Baker & Herman (1981) suggested that temporal dif- 
ferences in peaks of abundance reported for different 
regions within Hawaii may be  due to differences in 
habitat preference by different classes of whale. As 
was noted, these authors reported that the peak of 
humpback abundance occurs later in the Maui region 
than off the Big Island. In this connection, it is interest- 
ing to note that, based on whaling data, late-pregnant 
females are the last class of whales to arrive at the 
winter grounds (Dawbin 1966, Nishiwaki 1966). If, as 
the present results suggest, Maui is a more favoured 
habitat for mothers than is the Big Island, the peak of 
abundance in Maui may coincide with an influx of 
females with calf as a result of temporal segregation 
during migration from the summer grounds. Similarly, 
the peak of abundance at the Big Island may occur 
before the arrival of females with calf; or, it may be  that 
this peak occurs before the majority of calves are born. 
It is also possible that the early departure of whales 
from the Big Island (Herman et al. 1980) is a result of 
the 'migratory parade' described by Dawbin (1966): if 
females without calves are more prevalent off the Big 
Island than off Maui and newly pregnant females are 
among the first whales to leave the winter grounds, the 
early departure of these females will have a greater 
effect on whale density in Big Island waters than in the 
waters off Maui. 

Little is known about the factors influencing habitat 
usage by humpback whales in the winter grounds. It is 
possible that undersea topography has some influence 
on habitat choice. Humpbacks in Hawaii are found 
principally in waters less than 183 m (100 fathoms) 
deep (Herman & Antinoja 1977, Herman et al. 1980, 
Mohley et al. 1997). The bathymctric features of the 
2 study areas appear to he relatively distinct: almost 
the entire area between west Maui and the islands 
of Lanai and Kahoolatve is less than 183 m deep (see 
Fig. l) ,  whereas off the northwest coast of the Big 
Islantl the 183 m isobath is generally within 5 km of 
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the coastline, and depth increases rapidly. Smultea 
(1994) reported that off the northwest coast of the Big 
Island, groups containing a calf were found in shal- 
lower water than were groups without a calf. She sug- 
gested that females with calves may use shallow water 
to provide protection from potential predators such as 
deep-water sharks, or to minimise harassment from 
sexually active males. The finding that females accom- 
panied by a calf are more prevalent off west Maui than 
off the northwest coast of the Big Island may thus be 
due to a preference of females with calves for exten- 
sive shallow waters. However, other factors as yet 
unknown may also contribute to the apparent differ- 
ence in habitat utilisation. Clearly, further research 
is required to clarify the determinants of humpback 
whale habitat usage in the winter grounds. 
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