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ABSTRACT

The population of western North Atlantic right whales (Eubalaena glacialis) is distributed primarily between Florida, USA and Nova
Scotia, Canada, aggregating seasonally in five geographically distinct, high-use areas. To test the effectiveness of monitoring all
demographic classes (juvenile and adult males and females) of the population in these five habitat areas, an evaluation was carried out of
the identification records of catalogued right whales collected between 1980 and 1992, for which the age, sex and reproductive status (for
adult females) were known. The mean annual identification frequency of adult females was significantly lower than that of adult males,
juvenile females and juvenile males. Among adult females, reproductively active females were seen significantly more often than expected
when lactating (with a calf) than during their pregnancy or resting years. These data suggest that, while research efforts in the five high-use
habitat areas have had relatively equal success at monitoring juvenile males and females and adult males, many adult females are segregated
at times from the rest of the population. Lower variability in annual identification frequencies of adult females indicates that they may be
more site specific in their distribution than males, particularly during the years when they are pregnant or resting from a previous pregnancy.
Re-running these analyses using sighting records updated through 2000 will help determine if the trends continue to be documented
regardless of changes in survey effort and patterns of habitat use of some animals.
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INTRODUCTION

Western North Atlantic right whales (Eubalaena glacialis)
are known to occur seasonally in at least five geographically
distinct habitat areas between Florida, USA and Nova
Scotia, Canada (Fig. 1): the southeast USA between
Savannah, Georgia and Cape Canaveral, Florida; the Great
South Channel (between Cape Cod and Georges Bank);
Cape Cod Bay; the lower Bay of Fundy; and Roseway Basin
between Browns and Baccaro Banks on the southern Scotian
Shelf (NMFS, 1991). Between 1980 and 1992, research
efforts were conducted annually in these areas to monitor the
population. 

A large database of identification records of individually
catalogued right whales now exists, the result of intensive
photo-identification efforts since 1980 (Kraus et al., 1986a;
Crone and Kraus, 1990; Hamilton and Martin, 1999).
Annual sightings records of individuals of the best known
portion of the population were evaluated (i.e. individuals for
which both age and sex have been documented and for adult
females, reproductive status). This paper investigates
whether research efforts in the five high-use areas have been
equally successful at monitoring the demographic classes of
the population. It was assumed that the majority of right
whales in the western North Atlantic have been
photo-identified because the number of new identifications,
other than of calves, has been low since 1989 (approximately
three per year, New England Aquarium, NEAq, unpublished
data). The annual sightings records of individuals from 1980
to 1992 only have been used for this study because in the
following years there was a decrease or loss of survey effort
in two of the high-use areas, Roseway Basin and the Great

South Channel respectively. The null hypothesis is that there
is no difference in the rate of identification between groups
of best known animals due to age and sex.

METHODS

The dataset was analysed for right whales for which both age
and sex were known from standardised systematic surveys in
the five high-use areas, from 1980 to 1992. Each
identification record included the date and location, age and
sex of the animal, details on associations and observed
behaviours, and the name of the observer. 

Demographic classifications
The sex of recognisable individuals was identified by
photographic observation of the genital area, by molecular
sex identification (Brown et al., 1994), or, for reproductively
active adult females, by consistent association with a
new-born calf (Knowlton et al., 1994). Age classification
was based on year of birth, length of sighting history or,
sometimes, behaviour (see below). Not all right whales
could be classified at the initial identification. Observations
collected in subsequent years were used to ‘back-classify’
some animals based on status changes observed later, i.e.
reproductive states (resting and pregnant) of adult females
were assigned based on the years in which they were seen
with a calf. 

Animals were classified into one of two age categories:
juvenile or adult.
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Juvenile
All pre-reproductive right whales, first seen as calves, were
classified as juveniles. The mean age at sexual maturity for
right whales is unknown, but Payne et al. (1990) reported
that most first calves were born to female South Atlantic
right whales (Eubalaena australis) of at least nine years of
age. For western North Atlantic right whales, Hamilton et al.
(1998) estimated the mean age of first parturition at 9.6 years
(SD = 2.33). Animals first seen as calves were therefore
classified as juveniles until they reached age nine (Hamilton
et al., 1998). The age classification of some animals changed
from juvenile to adult during the study period.

Adult
Animals were classified as adults based on a known age of
nine or more years, a sightings history of at least nine years
or for males, body size and positioning as alpha males in
surface-active groups (presumptive mating groups) (Kraus,
1991). For females, adults were classified by the presence of
a closely associated calf (Knowlton et al., 1994). Juvenile
females were back-classified as adults the year before their
first known parturition if they gave birth before age nine.

Adult females were further sub-divided into
reproductively active females (resting, pregnant or lactating)
and non-reproductive females (nulliparous) based on their
reproductive history.

reproductively active adult females 
Adult females were considered reproductively active once
they had been seen with a calf (Knowlton et al., 1994) and as
lactating for the entire birthing year based on the estimated
weaning time of 10-12 months for northern right whales
(Hamilton et al., 1995). The length of gestation for northern
right whales is not definitely known. Best (1994) estimated
a gestation length of 321-397 days for right whales in the
eastern South Atlantic based on the relationship between
length and growth rates of foetuses. Payne (1986) assumed a
year-long gestation period for right whales in the western
South Atlantic, similar to that of other mysticetes (Lockyer,
1984). On this basis, it was assumed that northern right
whales have a three-year interval between birthing events
divided into a resting year, a year of gestation, and a year of
lactation (Knowlton et al., 1994). The mean calving interval
for adult female right whales from 1980-1992 was 3.67 years
(Knowlton et al., 1994). Reproductively active females

Fig. 1. Critical habitats of the Atlantic coast.
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producing calves on longer than three-year intervals were
classified as resting for two years (four-year interval), three
years (five-year interval), or four years (six-year interval).
Non-lactating adult females were back-classified as pregnant
or resting in particular years on the basis of an observed
subsequent birth. There are no means for determining
pregnancy other than the presence of a calf the following
year. Thus, the number of pregnant females is biased
downward and the number of resting females is biased
upwards because miscarriages or stillborn calves are
unaccounted for. 

non-reproductive (nulliparous) adult females
Adult females not observed with a calf since 1980 were
considered nulliparous. Included was one female, catalogue
#1045, sighted with a calf in 1935, but not seen with a calf
since (Hamilton et al., 1998). Juvenile females were
classified as nulliparous from age nine until the year of the
first known pregnancy (back-classified by the presence of a
calf the following year). The number of nulliparous females
is biased downward in the first eight years of the study
because there is no reliable method of estimating age for
animals not first seen as calves. Adult females not seen with
a calf were not classified as nulliparous until their sightings
history spanned nine years.

Identification frequencies
Annual identification frequencies were calculated for each
age (juvenile and adult) and sex (male and female) category
by dividing the number of individuals identified each year
(i.e. photographed and subsequently identified in the
catalogue), by the total number in that class ‘available to be
seen’ (i.e. known to be in the population in that year). To
avoid any bias from unequal numbers of identifications of
individuals in different habitat areas, which could result
from unequal survey effort or variations in patterns of habitat
use, each animal was scored simply as present or absent from
the records within a given year, regardless of the number of
times or the location where that individual was seen. Annual
identification frequencies were summed to give a
measurement of the probability that individuals within each
category would be seen in any particular year. The
identification records of adult females were further
sub-divided based on their reproductive status (nulliparous,
resting, pregnant and lactating).

Statistical analysis
Tests were made of the effects of age and sex on sighting
probabilities, and the presence of a time trend in these
probabilities, through binary logistic regression using the
software package SPSS. Both age and sex were transformed
into categorical variables with values of 0 or 1 (age
0 = juvenile; age 1 = adult; sex 0 = male, sex 1 = female).
Through stepwise removal of parameters, their significance
was tested from the ensuing changes in deviance and degrees
of freedom of the regression model. Regression parameter
values for the logit models were estimated by
maximum-likelihood. Given the large number of individuals
(n = 337), each whale’s presence or absence in a given year
was treated as one case, regardless of whether the same
whale was observed in previous or later years, i.e. each
observation was treated as independent from others of the
same individual. Effects due to individual histories were
therefore not tested here.

Differences in the rate of identification between adult
females in different reproductive states were examined using
a chi-square analysis. Using the mean calving interval of
3.67 years (Knowlton et al., 1994) expected values were
generated for sightings based on the null hypothesis that
there was no difference in the rate of identification of adult
females due to reproductive state. It was assumed that adult
females were pregnant for one year, lactating for one year
and resting for 1.67 years. These values were tested against
the actual number of adult females seen in each of the three
reproductive categories.

RESULTS

In total, there were 6,209 sightings of 1,700 right whales
representing 337 catalogued individuals identified between
1980 and 1992; 92% of those sightings were from survey
efforts in the five high-use habitat areas. Of those 337, both
age and sex were known for 231 animals (69% of the known
population). Following each of these known individuals over
their respective periods of availability for sighting, yielded
1,430 records (Table 1). Table 2a presents the results from
the logistic regression; total sighting frequency estimates by
age and sex from the regression are given in Table 2b. No
significant time trend in presence or absence of known
individuals was found, and age alone did not explain a
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significant amount of variation in the data. The final model
includes an intercept (the constant), age, and the interaction
of age by sex, all of which are highly significant (p < 0.01).
The intercept alone describes the probability of juvenile
males (i.e. age = 0 and sex = 0) being present. Juvenile
females have the same predicted probability as juvenile
males, because sex has no effect on presence or absence from
the records, unless individuals are adults (i.e. through the
interaction term). Adults have a lower probability of being
present than juveniles, and adult females have a lower
probability of presence than adult males. 

The relative numbers of the three categories (pregnancy,
lactation and resting) of reproductively active adult females
were examined to determine what proportion of adult
females seen could be attributed to a phase of the
reproductive cycle (Table 3a). It was tested whether their
proportions were as expected given a calving interval of 3.67
years and an even chance of observations among categories.

The proportions were highest among lactating animals and
lowest among pregnant ones. Among the three classes of
reproductively active adult females, lactating females were
seen significantly more often than expected (c2 = 76.917,
p < 0.001) and pregnant and resting females significantly
less often than expected (c2 = 9.508, p = 0.002), (c2 = 19.508,
p = 0.001) respectively (Table 3b). It was not possible to
calculate identification frequencies for adult females by
reproductive status because it was unclear how many were
available to be seen in each category. Only the total numbers
of reproductively active adult females or nulliparous females
were known. 

The individual sightings records of reproductively active
adult females were further examined to assess their use of the
southeastern USA calving ground. Of 65 known
reproductively active adult females that have produced 145
calves between 1980 and 1992, 16 (25%) have never been
seen on the calving ground with a calf and only 19 (13%)
have been seen in the southeast with all of their calves. There
were 56 (86%) which were available to be monitored
(identified) both the year before parturition (during
pregnancy) and the year after weaning (resting) for 124
calvings. In a significant portion of these calvings (51%),
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adult females were only seen in the year in which they gave
birth (63/124, c2 = 19.898, p < 0.001). Reproductively active
adult females were identified during the year before
parturition for 25% (30/124) of calvings, and the year after
weaning for 11% (14/124). There were only 17 calvings
(13%) where adult females were identified both the year
before and the year after. Of the 61 calvings for which adult
females were identified before and/or after parturition, most
of these identifications (61%) were recorded in the spring in
Cape Cod Bay or the Great South Channel, but not during the
summer and autumn in the Bay of Fundy or Roseway Basin
(Brown, 1994). On average, 72% of the cow-calf pairs seen
in other areas between 1989 and 1992 (years of increased
survey effort in the calving ground) were also seen the same
year in the southeast USA (Kraus et al., 1993).

DISCUSSION

The similarity in the frequency of identifications of male and
female juveniles and adult males (Table 1) demonstrates that
survey efforts in the five high-use seasonal habitat areas have
had relatively equal success in monitoring these segments of
the catalogued right whale population over the 13-year study
period. The same monitoring efforts however, have yielded
significantly lower identifications for adult females
suggesting that many are segregated from the rest of the
population, particularly during the inter-birth years. Overall,
these analyses indicate that the identification rate among the
best known animals is not homogeneous by age and sex.
There is now strong evidence for segregation by age, by sex
(in adults) and by reproductive state (for adult females), in
the western North Atlantic right whale population.

There are several ecological and behavioural reasons why
adult female right whales might be seen less often in the
high-use areas than other age/sex classes. One is that there
could be a dietary difference compared to males or juveniles
due to the higher energy demand while producing and
rearing offspring (Lockyer, 1984). Female right whales
invest heavily in their offspring, giving birth in the winter
months to a calf that averages 4.5m in length and about
800kg in weight. By the time the calf is weaned it may be
8.5m long with an estimated weight of 5,000kg (NEAq,
unpublished data). Lactation is estimated to last 10-12
months (Hamilton et al., 1995) followed by a year or more of
rest, presumably to replenish energy reserves depleted
during lactation (Lockyer, 1984). Adult females may also be
feeding on different prey types at different times of their
reproductive cycle. Dietary differences between pregnant
and lactating animals have been found for spotted dolphins,
Stenella attenuata (Bernard and Hohn, 1989) and harbour
porpoises, Phocoena phocoena (Recchia and Read, 1989).

Another possible reason could be avoidance of areas
where other right whales aggregate, especially those areas
where there is a high percentage of males. Given the high
costs of reproduction (both in terms of time and energy) and
the prevalence of surface-active groups in the northern
habitat areas (Kraus, 1991), it may be beneficial for
non-calving adult females to avoid areas where males
predominate, until they are ready to reproduce. This might
explain the low numbers of adult females seen on Roseway
Basin, the only area where juvenile and adult males
predominate and the area with the highest occurrence of
surface-active groups (Kraus and Brown, 1992; Brown,
1994).

The only known calving ground for right whales in the
southeastern USA was identified in the early 1980s (Kraus
et al., 1986b) but speculation on additional calving grounds

exists in the North Atlantic. In the western South Atlantic
population, two adult females were observed with newborns
in a second calving ground in the waters off the coast of
Brazil (Best et al., 1993). These females, observed in
previous years with calves in Argentine waters, were using
an alternative calving area in some years. In the western
North Atlantic, the evidence suggests that the southeastern
USA is certainly the primary, and possibly the only, calving
area for this species. There have been no confirmed reports
of calvings in other areas. Between 1980 and 1992, 74% of
the reproductively active adult females were seen in the
southeast. The remaining cow-calf pairs may have also used
this area but experienced early (before January) or late
season (after the end of March) births.

However, annual counts of cow-calf pairs seen in the
southeastern USA have increased with increasing survey
effort in the latter years since 1989. The size of the survey
area in the early years (pre-1989) was large, ranging from
North Carolina to southern Florida. In the latter years, a
similar amount of effort over a longer season was
concentrated in a smaller area between Savannah, Georgia
and Cape Canaveral, Florida, suggesting the increase in the
annual counts reflects a concentrated distribution of animals
over a protracted season in this region.

There have been no identifications of non-calving adult
females in the southeastern USA in the year preceding or
following their parturition. However, there were sightings of
reproductively active adult females in a year in which they
were expected to give birth, but in which no calf was
recorded. These individuals may have experienced a
near-term abortion or a still birth. Several deaths of young
right whales (less than 5m in length) have been documented
in the coastal waters of Florida and Georgia (Kraus, 1990).
In 1989, five adult females were seen in Florida and later that
year in other areas without calves, and three neonatal
mortalities were recorded in southeastern USA. Analysis of
DNA from tissue samples collected from stranded neonates
and those adult females could reveal the maternal parentage
resulting in a better assessment of reproductive success of
females and providing an explanation for the longer calving
intervals observed in some adult females.

Research efforts between 1980 and 1992 were
concentrated in the five high-use areas because of the
remarkable consistency with which right whales were seen
there. Right whales migrate to areas with high spring,
summer and autumn concentrations of Calanus finmarchicus
copepods (Winn et al., 1986; Wishner et al., 1988; Murison
and Gaskin, 1989; Mayo and Marx, 1990; Woodley, 1992;
Kenney, 1994; Kenney et al., 1995). Since 1992, there have
been several interesting variations in the general pattern of
seasonal movements. For example, no right whales were
seen in the Great South Channel in the spring of 1992
(Kenney et al., 1995). Analysis of plankton samples
suggested the whales’ absence might have been related to a
shift in zooplankton dominance, caused by significantly
reduced water temperatures and a delay in the development
of the usual hydrographic structure of the region (Kenney,
1994). No right whales were seen in surveys of Roseway
Basin in August of 1993, 1994, 1996-1999, nor were there
any sightings of sei whales (Balaenoptera borealis), a
species commonly seen in association with right whales in
this area and also considered (Mitchell, 1975) to be a
primarily calanoid copepod feeder in the North Atlantic.
Water surface temperatures in 1993 were 4-6°C lower than
in previous years (NEAq, unpublished data). 

In another respect, reliance upon specific areas makes
whales vulnerable to fluctuations in the availability of prey.
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Assuming that the whale’s selection of these feeding areas is
based on the density of food items, then it is not necessarily
the distinct area that is important but the set of
oceanographic conditions that result in the concentration of
food to sufficient densities required by right whales, as
suggested by Winn et al. (1986). Documented shifts in
seasonal distribution in the 1986 summer in Massachusetts
Bay (Hamilton and Mayo, 1990), in 1992 in the Great South
Channel (Kenney, 1994), and in the Bay of Fundy and
Roseway Basin from 1993 to 1999 (NEAq, unpublished
data), may indicate flexibility in their use of available spring,
summer and autumn feeding areas. Under large shifts in
oceanographic patterns, movements among and changes in
foraging areas by individual whales are likely, as are
differences in habitat use among age and sex categories.
Re-running these analyses using sightings records updated
through 2000 will help determine if the trends continue to be
documented regardless of changes in survey effort and
patterns of habitat use of some animals.
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