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Abstract
Abstract
The stock of humpback whales in the Gulf of St. Lawrence (GSL) was severely
depleted by whaling in the 18th and 19th century and started to recover later in the 20th
century than other stocks in the North Atlantic. A long-term study of humpback
whales by the ‘Mingan Island Cetacean Study’ in the GSL, using photo-identification
and biopsy techniques, started in 1980 and is still ongoing. The data set from 1980 to
2005 was evaluated in this thesis to estimate population parameters, such as sex ratio,
calving rates, survival rate and population trend for this stock for the first time. The
estimates were compared with other populations and stocks, and used to assess the
current conservation status of humpback whales in the GSL.
In the summer months, probably two different stocks of humpback whales were
exploiting the GSL waters. While some animals from the Newfoundland/Labrador
stock were mostly migrating through the northern Gulf on the way to their final
summer destination further north, the GSL animals remained in the Gulf most of the
summer. The GSL stock was still maturing, as documented by the growing number of
sexually mature females and calves, and by an increasing average age. There were
some considerable differences in population parameters between the GSL and other
feeding stocks, notably that of the Gulf of Maine. The sex ratio in the GSL became
more female-biased over time (2:1), in contrast to the observed male-biased sex ratio
at birth, whereas parity is assumed for humpback whales stocks. Despite a low reencounter rate of calves, the GSL was stock was growing, faster for females
(population growth rate 1.051) than for males (1.026). Females turned sexually
mature later (around age ten) in the GSL and had calves less frequently (3.5 years)
than Gulf of Maine females (5 years and 2.4 years, respectively). The lower
reproductive output was accompanied by an elevated survival rate of adult females
(0.992 compared to 0.971 for males). This is the first study presenting evidence of a
male-biased mortality, most likely caused by the increased costs of reproduction due
to intense mate competition and prolonged residence time on the breeding grounds.
Most polygynous mammals exhibit a male-biased sexual-size dimorphism (SSD),
which is often correlated with an elevated male mortality. In all Mysticeti species the
SSD is reversed, which led to the hypothesis that SSD is decoupled from mortality in
humpback whales and perhaps in all baleen whales.
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Abstract
In contrast to previous studies, the analysis of the social organisation of humpback
whales in the Gulf of St. Lawrence revealed that animals engaged in longer-term
associations, lasting from several days to weeks, some even formed bonds over
multiple-season. Mature females without calf were the only age-sex class forming
these long-term associations, lasting on average three, and in the extreme six years.
Their preferred associate was usually another female of similar age. The reason for
this group-forming behaviour remains unclear, but feeding cooperation seems to be
the most likely reason for such associations. Males showed an increased
gregariousness towards fall, indicating more interest in the opposite sex, as the
breeding season approaches. Whether the stable associations between mature females
was correlated with their higher survival rates, and thus indicating an increase in
fitness, remains speculative and requires further confirmation.
The analysis of population parameters over the 26-year period elucidated that longterm studies are required to obtain precise estimates, especially for small populations
such as depleted stocks of large whales. The female-biased survival rate only became
apparent after analysing long time spans of the available data. On the other hand,
more years of data increased the bias, especially due to transients and required a more
complex model structure. Long-term studies may also be impacted by environmental
changes. Over the course of this study, humpback whales entered and left the study
area approximately two weeks earlier, indicating a potential temporal shift of their
prey distribution. Future studies need a flexible sampling protocol to cope with such
changes. The considerable differences between the GSL and other feeding grounds,
especially the Gulf of Maine, show the problem of applying population parameters of
whales from one area to other regions. This may create a serious risk of incorrect
conservation and management decisions.
The Gulf of St. Lawrence stock of humpback whales is increasing and there is
currently no evidence of any specific threat hindering this slow recovery. However,
the stock has to be monitored continuously to address the growing human impact on
their habitat in the GSL. The Jacques Cartier Passage in particular, with the highest
concentration of cetacean biodiversity and its importance for humpback whales, might
require a special status in future management plans for the Gulf.
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Zusammenfassung
Der Bestand an Buckelwalen im Golf von St. Lorenz wurde durch den Walfang im
18. und 19. Jahrhundert erheblich reduziert und erholte sich, verglichen mit anderen
Nordatlantikpopulationen, erst relativ spät gegen Ende des 20. Jahrhunderts. Seit
1980 werden Fotoidentifikations- und Biopsiedaten von Buckelwalen im Rahmen
einer Langzeitstudie der „Mingan Island Cetacean Study“ erhoben. Für die
vorliegende Dissertation wurden die Sichtungsdaten von 665 Individuen bis
einschließlich 2005 ausgewertet. Zum ersten Mal konnten Kennzahlen, wie
Geschlechterverhältnis, Kalbungsintervalle, Überlebensrate und Populationstrend für
die untersuchte Population ermittelt werden. Die Ergebnisse wurden mit den Daten
anderer Bestände verglichen, um den Zustand der St. Lorenz-Population bewerten zu
können.
In den Sommermonaten kommen Buckelwale vermutlich zweier Subpopulationen in
den Golf von St. Lorenz. Während Teile der Neufundland-/Labrador-Subpopulation
Anfang des Sommers durch den nördlichen Golf auf dem Weg in ihre weiter nördlich
gelegenen Futtergründe ziehen, verbleibt die sogenannte St. Lorenz-GolfSubpopulation (GSL) den größten Teil des Sommers im Golf. Über den gesamten
Untersuchungszeitraum stieg neben der Anzahl der geschlechtsreifen Weibchen auch
die Anzahl der Kälber und das Durchschnittsalter aller Tiere an. Dies zeigt, dass der
Wiederbesiedlungsprozess anhält. Darüber hinaus wiesen einige Populationsparameter erhebliche Unterschiede zu anderen Populationen auf, besonders zu der aus
dem Golf von Maine. Im St. Lorenz verschob sich während des
Untersuchungszeitraumes das Geschlechterverhältnis zugunsten der Weibchen (2:1),
wohingegen mehr Männchen in die Population geboren wurden. Das
Geschlechterverhältnis gilt generell als ausgewogen. Im St. Lorenz bekamen die
Weibchen ihr erstes Kalb später (10 Jahre) und hatten seltener Nachwuchs (alle 3,5
Jahre) als die Tiere im Golf von Maine (5 Jahre bzw. 2,4 Jahre). Der GSL-Bestand
wuchs, trotz der geringen Wiedersichtungsrate von Kälbern, und zwar schneller für
Weibchen (Wachstumsrate 1,051) als für Männchen (1,026). Die geringere
Reproduktion der Weibchen ging mit einer höheren Überlebenswahrscheinlichkeit
einher (0,992 verglichen mit 0,971 für Männchen).
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Erstmals stellt diese Untersuchung eine erhöhte Mortalität bei männlichen
Buckelwalen fest. Männchen investieren mehr in die Reproduktion, da sie sich länger
in den Paarungsgebieten aufhalten und sich dort heftige Kämpfe um die Weibchen
liefern. Bei den meisten polygamen Säugetierarten werden Männchen größer als
Weibchen. Dieser Größendimorphismus ist häufig mit einer erhöhten Mortalität der
Männchen verbunden. Bei Bartenwalen sind jedoch die Weibchen größer, was zu der
Hypothese führte, dass Mortalität und Größendimorphismus bei Buckelwalen, und
eventuell bei allen anderen Bartenwalen, nicht gekoppelt sind.
Die soziale Struktur der Buckelwal-Population im St. Lorenz war stärker von längerfristigen Verbindungen geprägt als bisher angenommen. Obwohl viele Paarungen
kurzlebig waren, gingen besonders adulte Tiere Verbindungen ein, die von Tagen bis
zu mehreren Wochen dauerten. Adulte Weibchen ohne Kalb wurden über mehrere
Sommer hinweg zusammen gesichtet. Diese Verbindungen dauerten im Schnitt drei
und maximal sechs Jahre. Der bevorzugte Partner war meistens ein Weibchen
gleichen Alters. Warum nur Weibchen diese Langzeitverbindungen eingingen, blieb
ungeklärt, wobei eine Kooperation bei der Futtersuche als die wahrscheinlichste
Erklärung angenommen wird. Männchen waren gegen Ende des Sommers geselliger
als zu Beginn, was als Anzeichen der beginnenden Paarungszeit gedeutet wurde.
Ungeklärt blieb, ob das in dieser Studie beobachtete Sozialverhalten der Weibchen
mit der geringeren Mortalität in Verbindung stand. Diese neuen Ergebnisse werfen
die Frage auf, ob Weibchen aufgrund dieses Sachverhalts ihre Fitness steigern
konnten.
Langzeitstudien sind ein wichtiges Instrument, um Kennzahlen zu ermitteln. Dies gilt
besonders für kleine Populationen, wie für die durch den Walfang stark reduzierten
Großwale. Die höhere Überlebenswahrscheinlichkeit der Weibchen wurde erst nach
vielen Beobachtungsjahren nachweisbar. Allerdings wurden die Analysen über den
Untersuchungszeitraum komplizierter, besonders durch den steigenden Anteil von
Tieren, die nur einmal oder selten durch das Untersuchungsgebiet wanderten. Darüber
hinaus müssen Langzeitstudien wechselnde Umwelteinflüsse berücksichtigen.
Während des Untersuchungszeitraums erreichten und verließen Buckelwale das
Untersuchungsgebiet jeweils zwei Wochen früher. Dies könnte unter Umständen
durch eine zeitliche Verschiebung des Beutetiervorkommens verursacht worden sein.
iv
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Die Datenerhebung zukünftiger Studien sollte flexibel angelegt sein, um solchen
Veränderungen Rechnung zu tragen. Die aufgezeigten Unterschiede zwischen den
Buckelwalpopulationen verdeutlichen die Problematik, Populationsparameter von
einem Bestand auf andere zu übertragen, da dies zu Fehlern bei Schutz- und
Managementmaßnahmen führen kann.
Der Bestand an Buckelwalen im GSL wächst zur Zeit und es bestehen zur Zeit keine
akuten Gefahren, die die langsame Erholung dieser Population vom Walfang
beeinträchtigen. Trotzdem sollte der Bestand auch in Zukunft beobachtet werden, um
neben den vielen noch ungeklärten Fragen zur Populationsbiologie die wachsenden
Einflüsse menschlicher Aktivitäten (Schiffsverkehr und Fischerei) auf den Bestand zu
untersuchen. Speziell die Straße von Jacques Cartier mit der höchsten Diversität von
Walarten und ihrer Bedeutung für Buckelwale, sollte in zukünftigen Managementplänen unter besonderen Schutz gestellt werden.
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Introduction
Chapter 1: Introduction
1.1.1 Background
Life-history parameters such as age at sexual maturity, survival rate, recruitment,
abundance and population trend are necessary to conduct health assessments of
populations (Barlow et al. 1995). They are especially useful to monitor endangered
species and the recovery of depleted stocks, such as baleen whale populations.
Unfortunately, free-ranging mobile species, such as baleen whales, inhabiting entire
ocean basins make the estimation of such parameters difficult, if possible at all. In
addition, the small sample size of most such studies often results in imprecise
estimates and endangered species occur by definition in small numbers. Although
there is some evidence that some baleen whale populations are recovering from the
industrial exploitation (Best 1993, Clapham et al. 1999), some are still critically
endangered (Clapham et al. 1999, Sears & Calambokidis 2002, Kraus et al. 2005).
Despite decades of research, there are still many baleen whale populations, for which
even basic information, such as abundance, are not available (e.g. Hammond et al.
1990, Robbins 2007). Long-term studies are required to estimate these population
parameters and to monitor them continuously in order to identify changes, which
could potentially hinder the recovery.
Humpback whales (Megaptera novaeangliae, Borowski 1781) belong to the beststudied species among baleen whales, since they occupy mostly coastal habitats, are
relatively slow, easy to identify and congregate in larger aggregations (Clapham
2000). They show also a high site fidelity to feeding and breeding grounds, allowing
an approximate determination of stock identity. Despite all these advantages, it still
appears surprising how little is known about this species and its populations. For
instance, there are almost no reliable abundance estimates for local stocks. Even
multi-national research projects like the YONAH (Years of the North Atlantic
Humpback Whale) project, with coordinated research over an entire ocean basin,
produced only limited results.
Humpback whales have been given worldwide protection by the IWC (International
Whaling Commission) since 1966, and all existing long-term studies have been
initiated and maintained during the time of recovery. The best-studied population in
the North Atlantic and probably worldwide is the Gulf of Maine feeding aggregation
(see Robbins 2007 for an extended review), which is being studied continuously since
1
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the 1970s. The data collection from the Gulf of St. Lawrence represents the only other
continuous long-term study of a North Atlantic feeding aggregation, and one of few
worldwide including Alaska, California and Hawaii (see Clapham & Mead 1999,
Clapham 2000 for a selection of relevant studies).
1.1.2 Objectives
The number of humpback whales in the Gulf St. Lawrence stock were severely
diminished by whaling (Mitchell & Reeves 1983), as most other stocks (Johnson &
Wolman 1985). My first objective was therefore to describe the development of the
Gulf of St. Lawrence stock over the years 1980-2005 and estimate basic demographic
parameters over that period. Many of these parameters have been estimated in the
Gulf of Maine and applied to other stocks. It remains questionable whether this
application is valid, due to considerable differences between populations, such as
migration distances and potential differences in prey-preferences and availabilities
among others. Inter-regional differences in humpback whales have been observed
between the North Atlantic and North Pacific (Gabriele et al. 2007, Robbins 2007),
and might be in general an underestimated factor (Frederiksen et al. 2005).
Vital rates such as survival/mortality, abundance and population trend are important
information to assess population health. The survival rate is of particular interest in
long-lived animals, because it influences population growth more than recruitment
does (Nichols et al. 2000). In addition, it is a fairly robust parameter to obtain, since
its estimation is less sensitive to geographic heterogeneity than abundance estimates
(Hammond 1986). So far, most studies have only reported a unisex survival rate for
humpback whales and for baleen whales in general (Buckland 1990, Barlow &
Clapham 1997, Mizroch et al. 2004, but see Robbins 2007). For life tables and
population matrices, it would be essential to know whether sex-specific survival
occurs, since the survival of recruiting females is of high interest. Both sexes invest
differently in reproduction, and it remains unclear whether this results in different
viability costs. My second objective was therefore to investigate sex-specific survival
in the humpback whales of the St. Lawrence.
The social organisation of baleen whale populations is typically described as fissionfusion societies, in which small and brief groups prevail (Clapham 2000), in contrast
2
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to some toothed whales (Odontoceti) with lifelong associations such as the killer
whale (Orcinus orca, Bigg et al. 1990). Humpback whales show a distinct annual
cycle, with a great variation in associated behaviour (Baker & Herman 1984a,
Clapham 2000). As a third objective, I analysed the social structure of humpback
whales in the St. Lawrence, distinguishing between age, sex and maternal classes. The
emphasis was put on the temporal association pattern between and within feeding
seasons.
All existing long-term studies on humpback whales have been initiated and
maintained on depleted stocks. This results often in a small sample size, making the
estimation of life history parameters challenging and often result in unrealistic or
imprecise estimates. On the other hand, many stocks of baleen whale populations are
recovering (Best 1993, Clapham et al. 1999), as has the North Atlantic humpback
whale (Stevick et al. 2003a). The level of recovery is unknown, since pre-exploitation
abundance estimates are not available (Stevick et al. 2003a), but it appears likely that
the population size has changed over the study period. Therefore, I discussed the
challenges of long-term studies on baleen whale stocks in the light of changing
population size and environmental conditions.
Last, I want to apply the results of all the chapters to management and conservation
measures. None of the here estimated parameters have been available for Eastern
Canadian waters and I will discuss my results in the context of the present
conservation status and management measures with recommendations for adjustments
and future research.
1.2 The humpback whale
1.2.1 Systematic and morphology
Humpback whales belong to the family of rorqual whales (Balaenopteridae) in the
suborder of baleen whales (Mysticeti) and are the sole species in the genus
Megaptera. It is moderately large balaenopterid species, with an average size of 13-14
m (Chittleborough 1965). Main characteristics are the enormous pectoral fins,
reaching up to one third of their body size. Females are larger than males, and
southern hemisphere animals are larger than their conspecifics in the northern oceans,
as in all baleen species (Lockyer 1984). Adult male humpback whales weigh on
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average 27 metric tons while female mass varies greatly with their reproductive state
and ranges between 24.8 and 40.8 tons (Lockyer 1976). Calves are born after a
gestation period of 11-12 months and weaned following another 10-12 months
(Chittleborough 1958).

Figure 1-1: Illustration of a North Atlantic humpback whale by Daniel Grenier.
1.2.2

Distribution and migration

Humpback whales have a worldwide oceanic distribution and spend the summer on
productive high latitude feeding grounds (Chittleborough 1965, Dawbin 1966, 1997)
while in the winter they congregate in sub-tropical to tropical waters to breed and
mate (Dawbin 1966, Whitehead & Moore 1982). In the summer months they feed on
a wide variety of prey, mainly small schooling fish [e.g. herring, Clupea spp.
(Watkins & Schevill 1979), capelin, Mallotus villosus (Whitehead et al. 1980),
sandlance, Ammodytes spp. (Payne et al. 1986, Payne et al. 1990)] and several species
of euphausiids. Humpback whales feed almost exclusively in the productive feeding
areas and live off their fat reserves the rest of the year, as most baleen whales do
(Lockyer 1984). Observations of feeding in the low latitude breeding areas are rare
(Baraff et al. 1991, Gendron & Urbán R. 1993). The migration is staggered by sexual,
maturational and maternal classes (Nishiwaki 1959, Dawbin 1966, 1997). In fall,
lactating females leave the feeding grounds first, followed by immature animals,
mature males, resting (neither pregnant nor lactating) females and last, by pregnant
females. In late winter the order is almost reversed, with newly pregnant females
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leading the migration to the feeding grounds. Females with calves are the last to leave
the breeding grounds. During the time of maternal care the calf follows its mother to
her feeding ground. Thus, site fidelity to these feeding ranges is maternally directed
(Baker et al. 1986, Clapham & Mayo 1987, 1990). Mothers wean their calves in the
fall of their first year, on the feeding grounds or during the migration to the breeding
grounds (Baraff & Weinrich 1993). Brown et al. (1995) have challenged the general
view that the vast majority of whales undertakes the annual migration, and there is
evidence that some over-wintering occurs in high or mid-latitudes, especially of
juvenile individuals (Swingle et al. 1993, Barco et al. 2002, Robbins 2007).
1.2.3

Population dynamics

Male and female humpback whales reach sexual maturity around the age of five years
(Chittleborough 1955a,b, Clapham 1992) and physical maturity eight to twelve years
later (Chittleborough 1965). Females give birth to a single calf every 2-3 years
(Clapham & Mayo 1987, Clapham & Mayo 1990, Barlow & Clapham 1997), but
calving intervals range from 1-7 years (Glockner-Ferrari & Ferrari 1990, Weinrich et
al. 1993, Barlow & Clapham 1997). The sex ratio is thought to be parity at birth
(Chittleborough 1965, Palsbøll et al. 1997, Smith et al. 1999), but exceptions have
been reported (Pomilla & Rosenbaum 2006). Wiley and Clapham (1993) suggested
that females were more likely to produce male offspring after extended calving
intervals following a theory of Trivers and Willard (1973). Their argument was that
females with longer time intervals between calves are in superior maternal condition,
but acknowledged that the reverse argument can be made. Females reproducing
frequently might be in equal or even superior condition.
The sex ratio in the overall populations is parity (Palsbøll et al. 1997, Smith et al.
1999). On the breeding grounds and during migration an excess of males is observed
(Brown et al. 1995, Palsbøll et al. 1997). While Brown et al. (1995) hypothesized that
not all females undergo an annual migration, other studies have suggested, that the
shorter residency time of females on the breeding grounds (Gabriele 1992, Craig et al.
2001, Craig et al. 2003) is causing the skewed sex ratio (Mattila et al. 2001). The sex
ratio on the feeding grounds is also thought to be parity (Clapham et al. 1995, Palsbøll
et al. 1997), but some whaling records from the Antarctic Ocean report an excess of
females (Chittleborough 1965, Dawbin 1997).
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Humpback whales have a high adult survival (Buckland 1990, Barlow & Clapham
1997, Mizroch et al. 2004, Robbins 2007), like other large marine mammals (e.g.
Langtimm et al. 1998, Caswell et al. 1999, Zeh et al. 2002, Ramp et al. 2006).
Juveniles and calves have an elevated mortality (Barlow & Clapham 1997, Gabriele et
al. 2001, Rosenbaum et al. 2002, Robbins 2007), typical of most mammals (Caughley
1966). We know little about natural mortality of humpback whales, while numerous
human induced mortality causes are recognized (see 1.2.5). The maximum age of
humpback whales was estimated to be around 48 years based on whaling data
(Chittleborough 1965) but was likely biased low, since larger and therefore older
individuals had already been removed from the population for an extended time.
Large marine mammals do not have many potential predators. Killer whales (Orcinus
orca) and false killer whales (Pseudorca crassidens) have been reported to prey on
marine mammals (Baldridge 1972, Tarpy 1979, Silber et al. 1990 among others),
although only some populations of killer whales, so-called transients, are chasing
large whales or marine mammals in general (Baird 2000). Springer et al. (2003)
suggested that killer whales are responsible for the decline in several populations of
pinnipeds in the North Pacific. Their argument was that killer whales lost their
principal prey, the baleen whales, due to the industrial whaling and switched to other
more abundant prey species. This would infer that killer whales killed baleen whales
frequently, thus being an important source of mortality. This theory was widely
disputed (DeMaster et al. 2006, Mizroch & Rice 2006, Trites et al. 2007). A recent
comprehensive assessment of killer whale rake (teeth) marks (Fig. 1-4) on several
species of large whales (including humpback whales) came to the conclusion that
attacks of killer whales happen, but do not represent a substantial source of mortality
(Mehta et al. 2007). However, it has been suggested that the lower abundance of killer
whales in low latitudes might be the reason for the migration of baleen whales in
general (Corkeron & Connor 1999, Connor & Corkeron 2001). In addition, predation
on calves from sharks on the breeding grounds has been observed, but is thought to
have minor impact (Glockner-Ferrari & Ferrari 1997).
Parasites are an important source of mortality in mammals (Moore & Wilson 2002),
but we know little about internal parasites or diseases in humpback whales (Clapham
2000). There is one report of a mass mortality event on the U.S. east coast, where
humpback whales consumed mackerels (Scomber scombrus) containing saxitoxin, a
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dinoflagellate neurotoxin (Geraci et al. 1989). In recent years two more such ‘unusual
mortality events’ occurred, but the causes are still under investigation (Robbins 2007).
1.2.4

Social structure and behaviour

The annual life cycle of the humpback whale shows a distinct seasonality, which is
reflected by the difference in behaviour in summer and winter (Baker & Herman
1984a). Humpback whales display a polygynous mating system (Baker & Herman
1984b, Cerchio et al. 2005). On the breeding grounds male humpback whales
compete for females by singing (Tyack 1981), escorting oestrous females and fighting
intensively with one or several males for access to presumably oestrous females
(Tyack & Whitehead 1983, Baker & Herman 1984b). Clapham et al. (1992) observed
repulsive behaviour of some females towards males and interpreted this as female
choice. Mother-calf pairs present the only persistent social affiliations (Clapham
1993, Clapham & Mead 1999). Otherwise, brief associations between small groups
are prevailing (Mobley & Herman 1985, Mattila et al. 1994). Single males are often
engaged in singing (Tyack 1981). Mother-calf pairs are frequently observed with a
third animal (called escort), which is usually a male (Clapham et al. 1992). Most
encountered larger groups persist of one female and several males (Tyack &
Whitehead 1983, Baker & Herman 1984b, Clapham et al. 1992). The single female in
such competitive groups is called nuclear animals, while the closest associate is called
principal escort (Tyack & Whitehead 1983), which tries to defend its position against
secondary escorts or challengers (Tyack & Whitehead 1983, Clapham et al. 1992).
Interactions between males are often violent, resulting frequently in superficial
wounds (Tyack & Whitehead 1983, Baker & Herman 1984b), although one death has
been reported (Pack et al. 1998). While males are encountered in competitive
behaviour, interactions between females are almost absent. Competitive groups
include only one female (Clapham et al. 1992), female pairs are basically unobserved
(Clapham 2000) and lactating females appear to avoid each other (Baker & Herman
1984b, Mobley & Herman 1985). Limited information is available for social
affiliations during migration, but it seems to resemble more the social organization on
the breeding grounds (Brown & Corkeron 1995).
On the feeding grounds, humpback whales form small and unstable groups, typical to
fission-fusion societies (Whitehead 1983, Clapham 2000). Lactating females avoid
7

Chapter 1
each other (Clapham & Mayo 1987) as on the breeding grounds (Baker & Herman
1984b, Mobley & Herman 1985), but are escorted sometimes by adult females but
more often by adult males (Sardi et al. 2005). In contrast to the winter months, males
are not found in groups, they are rarely found together (Weinrich & Kuhlberg 1991,
Clapham 1993). Females are more social (Weinrich & Kuhlberg 1991) and are found
in groups with other females and males during feeding and other (on the surface
visible) activities (Weinrich & Kuhlberg 1991, Clapham 1993). In general, the
behaviour on the feeding grounds has been inferred as not competitive and sometimes
cooperative, e.g. during feeding (Whitehead 1983, Baker & Herman 1984a, Weinrich
1991, Weinrich & Kuhlberg 1991, Clapham 1993).
1.2.5 Humpback whales and humans
Humpback whales with their preference for near shore habitats overlap increasingly
with human activities. They were among the first species to be chased and are now
affected by whale watching, marine traffic and fisheries among many other human
activities.
The whaling of humpback whales started in the 17th century off New England
(Mitchell & Reeves 1983) and in the following centuries all stocks worldwide got
severely depleted, especially during the highly mechanized whaling in the beginning
of the 20th century. Several hundreds of thousand humpback whales were taken,
mostly in the southern hemisphere (Clapham et al. 1999). Several stocks were brought
close to extinction (with possible over 90% of the pre-exploitation level taken
(Johnson & Wolman 1985)) until the commercial hunt was stopped by the IWC
worldwide in 1966. However, illegal whaling activities continued to take substantial
numbers of whales afterwards (Clapham et al. 1999). Humpback whales are listed in
Appendix I (endangered species) by the Convention of International Trade in
Endangered Species (CITES) and are regarded as vulnerable by the World
Conservation Union (Cetacean Specialist Group 1996). Since the end of commercial
whaling, most stocks are recovering (Best 1993, Clapham et al. 1999) but the level of
recovery is mostly uncertain, due to unavailable or imprecise pre-exploitation
population estimates (e.g. Stevick et al. 2003a).
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Despite their worldwide protection, humpback whales are still facing anthropogenic
threats. Direct and often lethal impacts represent ship strikes and entanglements in
fishing gear. There are no general estimates, but in some regions the impact might be
considerable and affecting recovery (Volgenau et al. 1995). There are further
anthropogenic but more subtle threats to baleen whales in general. The increasing ship
traffic generates underwater noise and in addition to other sound pollution like the use
of sonar (military manoeuvre or geological sediment research) or offshore oil
platforms, the question arises what effect it has to animals using sound to navigate
and communicate (Southall et al. 2007). Further threats include pollution with toxic
substances accumulating in the food chain (Gauthier et al. 1997, Metcalfe et al. 2004),
although so far no evidence was presented that the contamination levels in baleen
whales poses a serious threat (O'Shea & Brownell 1994). Humpback whales are also a
prime target for the whale-watching industry, on both feeding and breeding grounds.
Disturbance by whale-watching and resource competition are also factors of unknown
magnitude. Humpback whales, as most baleen whales, need vast quantities of food in
the summer months, and the rapid change of the environment due to climate change
could have a lasting effect on food availability in the future (Würsig et al. 2001).
1.2.6

Humpback whales in the North Atlantic

1.2.6.1 Summer feeding grounds
In the North Atlantic (Fig. 1-2) humpback whales are found in five to six maternally
directed feeding aggregations: in the west, the Gulf of Maine (GoM), the Gulf of St.
Lawrence (GSL), Labrador/Newfoundland (LB/NF), West Greenland, and in the east
Iceland and Norway (Katona & Beard 1990, Palsbøll et al. 1997, Smith et al. 1999).
The genetic differences between the western and the eastern region persist over an
evolutionary time scale (Palsbøll et al. 1997), while the segregation between the four
western areas is significant, although not as apparent. The Gulf of Maine population is
clearly distinct from the three other western aggregations (Palsbøll, pers. comm.
2007). The genetic differences on the mitochondrial level between the
Labrador/Newfoundland and the St. Lawrence stocks are small, although still
significant (Palsbøll et al. 2001), and the number of genetic recaptures between the
two areas is lower than expected (Palsbøll et al. 1997). Another study using
movement data (1978-1993) of identified individuals pooled the two regions to one
Eastern Canadian feeding aggregation (Stevick et al. 2006). The International
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Whaling Commission (IWC 2002) suggested analysing the two stocks combined as
well as separated in the future.
1.2.6.2 Winter breeding grounds
The main modern breeding ground in the North Atlantic lies around the Greater
Antilles in the Caribbean, where humpback whales from all major feeding
aggregations have been identified (Katona & Beard 1990, Smith et al. 1999). While
most likely all animals from the western North Atlantic migrate to the Caribbean, a
smaller proportion of eastern North Atlantic humpback whales migrate to this
breeding ground (Stevick et al. 2003b).

Figure 1-2: Map of the North Atlantic with approximate location of the feeding and
breeding grounds (Norway/Barents Sea left out).
Genetic analyses identified a second breeding ground in the North Atlantic, mainly
for humpback whales from Iceland and Norway/Barents Sea (Palsbøll et al. 2001).
The exact location is not known, but could be the Cape Verde Islands (Palsbøll et al.
2001). The area was an important historical whaling ground (Smith & Reeves 2003)
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and winter aggregations are found in that area (Reiner et al. 1996) but its current
importance remains unclear.
The clear distinction between the feeding stocks in summer is complex and might not
be feasible. Site fidelity is high, and exchange rates with other feeding areas decrease
with distance (Stevick et al. 2006). Long-distance movements are rare (Stevick et al.
2003b) or linked to temporary shifts in prey (Payne et al. 1986, Weinrich et al. 1997,
Stevick et al. 2006, Weinrich et al. 2006). Stock definition is essential for
management and conservation measurements that are mostly restricted to national
waters. Stock or population boundaries are vital in science to decide whether studies
and their results represent an entire population or even species, and are applicable to
other populations. However, with free-ranging mobile species covering entire ocean
basins, like the humpback whale, clear distinction of stocks might not always be
feasible.
1.2.6.3 Distribution and migration
Humpback whales in the northern hemisphere do not undergo a coastal migration
(Mate et al. 1998, Reeves et al. 2004), as in the southern hemisphere. Determination
of age, sex or maturational class-staggered migration has been limited to the sighting
data on the feeding and breeding grounds. The migration of animals from different
feeding grounds to a shared breeding site results in considerable variation of
migration distances (2000-8000 km, Stevick et al. 2003b) and might mask
demographic migration patterns (Craig et al. 2003). The geographic origin of animals
influences the arrival time on the breeding ground with Gulf of Maine and Canadian
animals arriving earlier than the ones from Greenland, Iceland and the Barents Sea
(Stevick et al. 2003b). In general, males seem to arrive earlier in the West Indies
(Stevick et al. 2003b), extending their residency time and therefore maximizing
reproductive opportunities with females from different feeding-range origins. It is still
disputed whether all females undergo an annual migration (Brown et al. 1995) or
whether some females (e.g. resting) stay in higher or mid-latitude waters (Brown et al.
1995, Craig et al. 2002, 2003). The male-biased sex ratio in the breeding grounds
(Palsbøll et al. 1997) might be explained by this male-biased migration. In contrast,
Mattila et al. (2001) proposed that the shorter residency time of females (Gabriele
1992, Craig et al. 2003) is the methodical reason for the measured bias. In summary,
animals of all age and sex (reproductive) classes have been found outside the breeding
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grounds in winter (Robbins 2007). However, only juveniles seem to be persistently
underrepresented on the breeding grounds and while not all of them stay on the
feeding grounds, some might not migrate all the way to the breeding grounds (Barco
et al. 2002, Robbins 2007).
1.2.6.4 Past and present population size
The North Atlantic population has been severely decimated by commercial whaling
(Mitchell & Reeves 1983). Commercial exploitation in the North Atlantic stopped in
1955 and only few humpback whales have been taken since under special permits
(Mitchell & Reeves 1983). Currently, aboriginal whaling is limited to St. Vincent and
the Grenadines, off Venezuela with permission for 20 animals between 2008 and
2012 (IWC 2007). The North Atlantic population is believed to have substantially
recovered, but to which level is unknown, since there is no reliable pre-exploitation
estimate (Stevick et al. 2003a).
The entire North Atlantic population was estimated to be 11,570 (95% confidence
intervals (CI) 10,290-13,390) animals in 1992/1993 (Stevick et al. 2003a). The same
authors estimated an increasing trend of 3.1% for the West Indies breeding stock.
Abundance estimates for the feeding aggregations are more difficult to obtain due to
uncertainties of stock identity and geographic heterogeneity. The population size of
the probably best known (studied) feeding stock, the Gulf of Maine, is not known
(Robbins 2007), but is thought to range in the high hundreds (Clapham et al. 2003)
and was increasing with about 6.5% (standard error (SE) 0.012) between 1979-1991
(Barlow & Clapham 1997). The West Greenland population was estimated to be
around 360 individuals (coefficient of variation (CV) 0.07) between 1988 and 1993.
However, all studies acknowledge severe biases.
Humpback whales in the United States are protected under the Marine Mammal
Protection Act and the Endangered Species Act from 1973 (NMFS 1991). In Atlantic
Canada humpback whales are listed as ‘not at risk’ under the Species at Risk Act
(COSEWIC 2003), although no single estimate of abundance or trend exists for these
waters and the classification was based on the general recovery of the North Atlantic
population (Smith et al. 1999, Stevick et al. 2003a).
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1.3 Study area, design and individual recognition of animals
1.3.1 Study area
The Gulf of St. Lawrence is a semi-enclosed sea in the Northwest Atlantic covering
approximately 200,000 km2. It has two main connections with the Atlantic: Cabot
Strait and the Strait of Belle Isle (Fig. 1-3). The Gulf can be divided into three main
parts based on its bathymetry (Loring & Nota 1973). The northern part represents a
relatively shallow shelf. The Laurentian Channel is a deep-water trench from Cabot
Strait to the Estuary, while the Esquiman Channel branches off towards the Strait of
Belle Isle. In the Estuary, freshwater from the St. Lawrence River mixes with Gulf
seawater.

Figure 1-3. Map of the Gulf of St. Lawrence
Intense tidal mixing in the Estuary creates one of the highest krill concentrations in
the Northwest Atlantic (Simard & Lavoie 1999). In the summer the Gulf is well
stratified in a three-layer system: a warm surface, a cold intermediate and a warmer
deep layer (Trites 1971). Tidal mixing, rapid topographic changes and strong winds
lead to upwelling, breaking up this stratification and bringing nutrient-rich water to
the surface (Koutitonsky & Bugden 1991). Because of its topography the northern
shelf is a very productive area and has been described as the most important area in
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the St. Lawrence for cetaceans and humpback whales in particular (Sears &
Williamson 1982, Mitchell & Reeves 1983, Kingsley & Reeves 1998, DoniolValcroze 2008).
1.3.2 Data collection and data set
The Mingan Island Cetacean Study (MICS) has been conducting regular research
surveys in the Gulf of St. Lawrence (GSL) to identify individual blue (Balaenoptera
musculus), fin (B. physalus) and humpback whales since 1979. The main research
area was the Jacques Cartier Passage (Fig. 1-3) between the Quebec North Shore and
Anticosti Island including the shelf west of Anticosti. The area was sampled annually
between June and October/November and shows the highest abundance of baleen
whales in the GSL (Sears & Williamson 1982, Mitchell & Reeves 1983).
The effort increased during the first third of the study period and reached a rather
constant level in spatial and temporal coverage in 1988. On average MICS conducted
60 surveys with 500 hours of observation and 10,000 km of survey tracks annually.
Additional surveys were carried out along the north and south shore of the GSL and
covered the Estuary, Gaspe and Sept-Iles regions (Fig. 1-3). The Estuary was sampled
regularly in August/September, while the Gaspe area was covered in some years in
June/July. In 1982 MICS started research on humpback whales in the north-eastern
Gulf at the southern end of the Strait of Belle Isle (Fig. 1-3) in July during the
spawning period of capelin (Mallotus villosus), a major prey of humpback whales
(Whitehead et al. 1980). Due to the considerable logistic effort necessary to reach this
remote location, the region was not sampled annually. The surveys lasted two to four
weeks in the years 1982-85, 1987, 1988, 1991-95, 2000-02, 2004 and 2005.
MICS designed the surveys to maximize photo-ID effort by sampling known
aggregations. Encountered individuals or groups were photo-identified using the
ventral pigmentation of their tail and their dorsal fin (Katona & Whitehead 1981, Fig.
1-4). In addition to the identification of all animals in a group, MICS collected the
exact (GPS) position and associated behaviour of the individuals. The time to identify
the humpback whales varied considerably depending on the composition and
behaviour of the group. After all animals were identified, the boats moved to the next
individual or group. When humpback whale aggregations remained stable over
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several days or week, further surveys covering other portion of the research areas
were carried out.
MICS collected skin sample biopsies using a crossbow and arrow (Palsbøll et al.
1991) starting in 1990. Total-cell DNA was extracted from the skin biopsies, which
were preserved in saturated NaCl with 20% DMSO (Amos and Hoelzel 1991) and sex
was determined for all individuals as described by Bérubé and Palsbøll (1996).
Females were also identified by the presence of a calf.

Figure 1-4. Photo-identification of humpback whales. Ventral pigmentation of the tail
can range from complete white to complete black. Lower left picture shows typical
killer whale rake marks.
1.3.3 Analysis of individually marked animals
The photo-identification of individuals provides insight into the life history of
population. Mark-recapture models are using the information of individually marked
animals to estimate abundance, population trend, survival/mortality and recruitment
among other vital parameters. The models can be distinguished in two main groups,
open and closed population models. The former are open to additions (birth and
immigration) and subtractions (death and emigration), while the latter are restricted to
a constant population (Begon 1979). All models require at least two sampling
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occasions, in which animals are marked so that they are recognizable in the future.
The information gained from such studies can be divided in two main aspects, (1) the
information from the recaptures of individuals and (2) the ratio of marked to
unmarked animals in each sample. Both are needed to estimate abundance, population
trend and recruitment, while only (1) is needed to estimate survival (Pollock et al.
1990).
The models require a variety of assumptions (e.g. Begon 1979, Seber 1982), such as
equal catchability of all individuals, which are rarely met in real life studies
(Hammond 1986). This is especially true for open population models estimating
abundance, which rely on the ratio of marked to unmarked individuals. The estimation
of survival is less sensitive to the geographic heterogeneity in the sample (Hammond
1986) and is therefore one of the most robust parameters to estimate. In long-living
animals such as marine mammals, survival influences population growth more than
recruitment (Nichols et al. 2000) and is particularly useful to monitor depleted but
recovering baleen whale stocks.
In this thesis, I am using the Cormack-Jolly-Seber (CJS) model (Cormack 1964, Jolly
1965, Seber 1965) to estimate the survival rate of humpback whales and to investigate
for sex-specific survival. The CJS model estimates two parameters: the probability of
survival (φ) and the probability of capture (p). The survival (φ) is the probability that
an animal alive at a given sampling time i (e.g. this year) is still alive and in the
population at the next sampling occasion i+1 (e.g. next year). The estimate (p) is the
probability to capture an animal on a sampling occasion, given that it is alive and
present (Burnham & Anderson 1992). The apparent survival rate is the product of the
true survival rate and the return of animals to the study area, but for simplicity I will
refer to it as survival rate.
Estimations of population size are usually needed to estimate a trend, hence to
estimate a change of abundance from one year to another. Unfortunately, the
estimation of abundance in open population models is problematic at best (see above).
Pradel (1996) showed that fecundity (ƒ) and population trend (λ) can be estimated
without information about abundance, using the encounter histories of individuals.
The sighting history is reversed and Pradel (1996) defined the parameter seniority (γ)
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as the probability that an animal alive and in the population at a given time i (e.g. this
year) was alive and already in the population at i–1 (e.g. last year). From the seniority
parameter, population growth and recruitment can be directly estimated. However, the
method has several limitations, such as that no-age class models can be applied and
that the study area has to remain constant. If the research site is changing, so does the
sampled population to which the inference of population growth is being made. Thus,
recruitment and population growth would have no biological meaning.
1.4 Thesis overview
Photo-identification research on humpback whales has been carried out in the Gulf of
St. Lawrence by the Mingan Island Cetacean Study (MICS) since 1980. MICS has
been part of an ocean basin wide study of humpback whales (Years of the North
Atlantic Humpback whales, YONAH) in 1992/93 (Smith et al. 1999, Stevick et al.
2003a,b) and provided all genetic samples from the St. Lawrence used for stock
identity (Palsbøll et al. 1997, 2001). Apart from these studies, the data have not been
analysed and published.
In this thesis, I use the results of photo-identification and biopsy data of 26 years of
research to analyse the population structure and dynamics of the humpback whales in
the Gulf of St. Lawrence. In the second chapter my emphasis is put on the estimation
of some population parameters, such as sex ratio and reproductive parameters (calving
rates) and the development of the stock over the study period. I also use the fine-scale
sighting data of humpback whales to evaluate the two conflicting hypothesizes of
stock identity of animals in the St. Lawrence.
Apparent survival is one of the most commonly estimated demographic parameters in
whale populations, since its estimation is robust and of great importance to population
growth, hence the monitoring of a population (Nichols et al. 2000). Except for
Robbins (2007), all previous studies of humpback whales have not investigated sexdependent survival (Barlow & Clapham 1997, Chaloupka et al. 1999, Mizroch et al.
2004). In chapter three, I therefore use robust mark-recapture techniques to
investigate for sex-specific survival in humpback whales. I discuss the results in the
context of different costs of reproduction of the sexes. Baleen whales are unique
among mammals, since the entire suborder displays a female-biased sexual-size
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dimorphism (Lockyer 1984), despite different mating strategies. Therefore they
represent an interesting group to test for some ecological principles.
The fourth chapter investigates the social structure of humpback whales on a feeding
ground. The social organisation of baleen whales and humpback whales has often
been described as typical fission-fusion societies, with brief and small groups
(Weinrich & Kuhlberg 1991, Clapham 1993). I analyse the association patterns of
humpback whales in the Gulf of St. Lawrence and distinguish between age, sex and
maternal classes. The emphasis lies on the temporal association especially beyond a
single feeding season to determine whether long-term bonds exist in this species.
In the last chapter, the synthesis, I combine the three chapters. The main emphasis is
placed on the importance, but also on the challenges of long-term studies, when
studying depleted stocks of long-living animals such as baleen whales. Last, I review
the presented results in the context of the current status of humpback whales in
Eastern Canada, recommend future research projects to address the still numerous
open questions and end with recommendation for the future management of the stock.
I wrote the main chapters of this thesis in a manuscript-based style to facilitate the
publication, resulting in some overlap between single chapters, especially in the
description of the methods and the data set.
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Post-whaling population dynamics
Chapter 2: Post-whaling population dynamics of humpback whales (Megaptera
novaeangliae) on a North Atlantic feeding ground – the Gulf of St. Lawrence,
Canada
2.1 Abstract
Humpback whales have been hunted extensively in the Gulf of St. Lawrence (Canada)
since the mid 18th century. The main whaling grounds were the Jacques Cartier
Passage in the Gulf of St. Lawrence (GSL) and the Strait of Belle Isle between
Labrador and Newfoundland. Although some mixing occurs between the two regions,
it seems that the animals in the GSL form a separate stock. From 1980-2005, 221
humpback whales were photo-identified in the GSL during the summer season, and
500 animals at the southern end of the Strait of Belle Isle in early summer, most of the
latter on their migration to their final summer feeding range. The Jacques Cartier
Passage was the main aggregation site for humpback whales summering in the Gulf of
St. Lawrence. We observed an increasing female-biased sex ratio in both areas over
time, in contrast to other North Atlantic feeding grounds. The increase in calf
sightings in the 90s corresponded to the rising number of sexually mature females.
The calving interval in the GSL was 3.5 yrs and females became sexually mature at
around ten years of age. Calves, especially males, had a low re-encounter rate,
indicating higher emigration or mortality of that age class. We observed a trend of
earlier arrival and departure of about two weeks over the study period. While all
demographic classes left around the same time, juvenile males were the first to arrive.
Animals known from the beginning of the study had a higher site fidelity than animals
seen initially in the 1990s, resulting in an increase in the average age. The lack of
recruitment might be caused by inter- and intra-species competition. The stock of
humpback whales in the St. Lawrence was still maturing and this might be one reason
for inter-regional variation in the estimated parameters between the Gulf of St.
Lawrence and other feeding aggregations.
2.2 Introduction
Most stocks of great whales were severely depleted by modern pelagic whaling, first
in the northern and later in the southern hemisphere. Since legal protection, some
stocks have shown recovery (Best 1993), while others remain endangered [e.g.
Northwest Atlantic blue whales Balaenoptera musculus (Sears & Calambokidis
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2002), North Atlantic right whales Eubalaena glacialis (Kraus et al. 2005)]. Slowmoving humpback whales were hunted extensively worldwide including the North
Atlantic, but have recovered since legal protection in 1955 (Best 1993, Clapham et al.
1999). The extent of the recovery is unknown because the pre-whaling data are
insufficient to determine historical abundance (Stevick et al. 2003).
Humpback whales were hunted in the St. Lawrence since the beginning of the 19th
century (Mitchell & Reeves 1983) and were taken along the Gaspe Peninsula, the
Quebec North Shore north of Anticosti Island and in the Strait of Belle Isle (Fig. 2-1).
Mitchell and Reeves (1983, Table 4) estimated a minimum catch of approx. 200
animals in the St. Lawrence (1858-1888), after whalers had already operated in the
area for a considerable time. Up to 3,000 animals were caught in eastern Canadian
waters (Reeves & Smith 2002). Whalers also took numerous humpback whales from
all feeding grounds in the Caribbean in the 19th century (Smith & Reeves 2003), and
during their migration along Nova Scotia and in the Gulf of Maine (Reeves et al.
2002). Therefore, it is not possible to quantify the total catch of St. Lawrence animals.
For the 20th century there is no indication that this species was taken in large numbers
in the Gulf of St. Lawrence. Records from a whaling station in Sept-Iles (1905-1915)
show that, except for three humpback whales, only fin and blue whales were caught.
Since whalers would have taken humpback whales, if the species had been available
(Mitchell & Reeves 1983), this suggests that there were not many humpback whales
left by that time. Whaling around Newfoundland and off Labrador, including the
Strait of Belle Isle and Cabot Strait started earlier in the mid 1700s and stopped only
in 1951 (Mitchell & Reeves 1983), with 34 animals taken under a special scientific
permit between 1969-1971 (Mitchell 1973).
Post-whaling information about humpback whale abundance and distribution in the
Gulf of St. Lawrence is sparse. In two studies, Edds and McFarlane (1987) showed
that very few humpback whale sightings occurred in the lower St. Lawrence Estuary
between 1973 and 1979. Mitchell (1973) listed ship-based surveys in the Gulf of St.
Lawrence (among other regions) for 1966-1969 covering 10% of the Gulf’s surface
area. No humpback whale was observed during these cruises. Unfortunately, no
information is given regarding the exact years, time of year and regions surveyed.
Aerial surveys in summer months of the early 1980s detected few humpback whales
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between Anticosti Island and the Quebec North Shore, and more frequent sightings at
the southern end of the Strait of Belle Isle (Sears & Williamson 1982). The latter
region was also the most preferred place for humpback whales sighted during aerial
surveys conducted in 1995/1996 (Kingsley & Reeves 1998). In contrast to the St.
Lawrence, numerous humpback whales were still present in the late 1970s along the
East Coast of Newfoundland and Labrador, where almost 400 animals were identified
in a single year (Whitehead et al. 1982).

Figure 2-1. The research areas in the Gulf of St. Lawrence with sample sizes and
inter-regional matches.
Humpback whales in the North Atlantic are distributed in five to six maternally
directed, discrete summer feeding aggregations: the Gulf of Maine, the Gulf of St.
Lawrence (GSL), Labrador/Newfoundland (LB/NF) and West Greenland in the
western part; as well as around Iceland and off northern Norway in the Eastern North
Atlantic (Katona & Beard 1990, Christensen et al. 1992, Palsbøll et al. 1997). The
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genetic differences between the western and the eastern North Atlantic regions persist
over evolutionary time scales (Palsbøll et al. 1995), whereas the segregation between
the four western areas is not as pronounced (Palsbøll et al. 2001). The smallest, but
still significant difference in mitochondrial DNA occurs between the LB/NF and the
GSL stocks (Fig. 2-1) (Palsbøll et al. 2001). Stevick et al. (2006) suggested that these
two regions should be pooled to one Canadian feeding stock, based on movement data
between the areas. The final report of the IWC (International Whaling Commission)
scientific subcommittee of the YONAH1 project thus recommended that for future
research these two Canadian stocks should be analyzed separately as well as
combined (IWC 2002).
We analyzed data from both regions, the Gulf of St. Lawrence and the Strait of Belle
Isle (SBI). Based on genetic data, Palsbøll et al. (1997) pooled the SBI animals with
the NF/LB stock and distinguished them from the GSL stock, while Stevick et al.
(2006) pooled all Canadian animals. Both studies are based on YONAH1 samples and
data from before (1978-1993). We addressed the subject of two conflicting
hypotheses of stock identity based on data from 1980-2005. The data collection from
the Gulf of St. Lawrence is the only other long-term study in the North Atlantic
besides those conducted in the Gulf of Maine. Humpback whales were hunted to
extremely low numbers in the GSL, and we used the information of individually
identified and sexed humpback whales to document the expansion of the GSL stock
over the past 26 years. Standard photo-identification and biopsy techniques provided
data on sighting history of individuals, migration, distribution and other features like
sex ratio, calving intervals and residency. We highlighted changes of these parameters
over time as well as differences and similarities to other feeding stocks. Such
information will contribute to better understand the population dynamics of formerly
depleted whale stocks.

1

YONAH = Years of the North Atlantic Humpback Whale. An ocean wide study of that species in
1992/93
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2.3 Material and methods
2.3.1 Research areas
We conducted regular research surveys in the Gulf of St. Lawrence to identify
individual humpback whales since 1980. The Jacques Cartier Passage (Fig. 2-1)
between Anticosti Island and the Mingan Islands was sampled annually between June
and October/November. The effort increased during the first third of the study period
and became constant in 1988 with an annual average of approximately 60 surveys,
500 hours of observation and 10,000 km of survey tracks. Additional surveys covered
the Estuary, Gaspe and Sept-Iles regions (Fig. 2-1). These regions will be referred as
the Gulf of St. Lawrence (GSL) throughout this paper. In 1982, we started dedicated
surveys to identify humpback whales at the southern end of the Strait of Belle Isle
(Fig. 2-1) around the month of July, during the spawning period of capelin (Mallotus
villosus), a major prey of humpback whales (Whitehead et al. 1980). The region was
not sampled every year due to its remote location. Surveys lasted two to four weeks in
the years 1982-85, 1987, 1988, 1991-95, 2000-02, 2004 and 2005. Although they
covered predominantly the waters south of the Strait, the region will be referred to as
the Strait of Belle Isle (SBI), to be consistent with previous studies (Palsbøll et al.
1997, Stevick et al. 2006) using part of this data set.
2.3.2 Data collection
Weather permitting, we conducted surveys from various harbours using rigid-hulled
inflatable boats and sampled the entire area within range for humpback whales. All
encountered humpback whales were identified by the pigmentation pattern of the
ventral side of their tails and by the shape and scars of their dorsal fins (Katona &
Whitehead 1981). When we found large aggregations and could not identify all
animals, the boats returned the next day to continue. When these aggregations
remained stable over several days or even weeks, surveys covering the rest of the
research area were conducted to determine whether other animals were present. We
also obtained additional photo-identification data through a network of collaborators
especially along Gaspe and in the Estuary, for which we could not quantify any effort.
Starting in 1990, sex was determined for all individuals analysing skin samples
obtained through biopsy techniques as described by Bérubé and Palsbøll (1996). At
times, individuals were inferred to be females when a calf accompanied them.
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2.3.3 Analysis and definitions
2.3.3.1 Occurrence and occupancy
We estimated the occurrence and occupancy of humpback whales following Clapham
et al. (1993). Occurrence describes the number of days when an individual was
observed in any given year. Occupancy is the period between the first and the last day
an animal was seen in any given year and was only calculated for animals seen at least
two days. The latter time span does not necessarily mean that the animal spent the
entire time in the study area. The occupancy and occurrence of first-year calves were
not taken into account for analysis, as it depended on the mother. The mean annual
arrival and departure date was calculated by averaging the first and last sighting of
every individual in a given year respectively, based on the Julian calendar. We
excluded calves for the reason given above.
2.3.3.2 Residency index
We computed a residency index to investigate the site fidelity of the animals. A
cohort was defined as animals seen for the first time in a specific year, regardless of
their actual (usually unknown) age. The index was calculated by summing up the
number of animals per cohort seen over the entire study period and dividing it by the
number of years since their initial sighting. Due to a high variation in the number of
animals in each cohort, we pooled five cohorts into one group (groups 1980-84, 198589, 1990-94, 1995-99, 2000-04) and divided this by the number of animals in the
group. If all animals in a group (consisting of five cohorts) had been sighted every
single year, the index would be 1; if none had been sighted the index would be 0. The
first year the residency index was calculated for the group 1980-84 was 1985, for
group 1985-89 it was 1990 etc. Calves were not taken into account, due to a generally
higher mortality of that age class (Barlow & Clapham 1997, Gabriele et al. 2001),
which would otherwise bias the residency index downwards.
2.3.3.3 Age definition
The real age of most individuals is unknown except for animals known as calves, thus
we defined age as the time (in years) since the first sighting, also called ‘time since
marking’ (TSM). The average age of the stock in any given year was calculated by
adding up the TSM of the individuals and dividing it by the number of identified
animals, excluding calves in their first year. We defined cow and calf pairs as a large
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animal accompanied consistently by a smaller one (approximately 1/3 the length of
the larger animal) during the entire season. Due to the unknown age of most
individuals we regarded a whale as mature, if it was known for at least 5 years, and
before that as juvenile (Weinrich 1991, Clapham 1993).
2.3.3.4 Calving intervals and birth rates
Calving interval refers to the number of years between two calves of the same female,
using consecutive sighting histories. The crude birth rate defines the number of calves
as a portion of the number of total observed individuals. The birth rate was calculated
by the number of calves as a proportion of the number of sexually mature females
identified in the study area at that time. These definitions follow Clapham and Mayo
(1987). A female was defined as being sexually mature when first seen with a calf, or
when she was known for six years (Clapham & Mayo 1990, Clapham 1992). This
corresponds to the apparent age at first birth rather than sexual maturity, since a
female with a calf must have been pregnant, and thus sexually mature, the previous
year.
2.4 Results
2.4.1 Mixing GSL and SBI stocks
From 1980 to 2005, we identified 665 animals across the entire St. Lawrence and only
56 humpback whales (29 females/10 males) were seen in both research areas (Fig. 21), although rarely in the same years (Appendix, Table 2-2). The majority of these
animals were regular animals from the Jacques Cartier Passage and were
photographed once or more in the SBI. Matching of St. Lawrence animals with the
North Atlantic Humpback Whale Catalogue (NAHWC) revealed a high rate of
exchange between the SBI and Newfoundland/Labrador animals (N=113), whereas
only 21 animals from GSL were sighted in those waters. Of the 25 matches between
the Gulf of Maine and the entire St. Lawrence catalogue, 19 were regular GSL
animals and six were from the SBI (Judy Allen, pers. comm. 2007).
2.4.2 Strait of Belle Isle demographics
Since 1982, MICS identified 500 humpback whales at the southern end of the Strait of
Belle Isle. The annual number of animals encountered varied between 10 and 174. A
high portion of animals (N=305, 61%) was seen only once, whereas a few animals
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were seen in up to seven different years. The arrival of humpback whales in the study
area coincided with the presence of the spawning capelin. A large majority of the
animals then moved out of the Gulf through the Strait of Belle Isle. Altogether 108
females and 52 males were observed. Ignoring 29 females sexed only via a sighting
with a calf, the sex ratio (No of females/No of males) of animals sexed using biopsy
techniques was 1.51 and still differed significantly from parity (χ2=5.16, p=0.02).
Forty-one females were seen with 43 calves, of which 26 were photo-identified. No
consecutive calving interval was observed. The crude birth rate ranged between 0 and
16%, with an average of 2%. Table 2-2 (Appendix) gives an overview of the annual
sample size in the SBI.
2.4.3 Gulf of St. Lawrence demographics
From 1980 to 2005, 221 humpback whales were identified in the GSL and the vast
majority (N= 200) was seen in the Jacques Cartier Passage (Fig. 2-1). Most animals
observed in other research areas were also sighted at least once in this region. A high
portion (53%) of GSL animals was seen in one year only, whereas some animals were
seen in up to 20 different years. The total number of identified animals fluctuated
strongly between years and ranged from 2 to 64 (Fig. 2-2 and Table 2-1, Appendix).
Increasing numbers at the beginning of the study reflect the growing effort in those
years. After 1988 the effort became approximately constant in space and time, but the
number of animals encountered annually continued to increase until the late 1990s.
2.4.3.1 Sex ratio
In the GSL a total of 130 (59%) animals were sexed: 72 were females and 58 males.
Four females sexed only by the presence of a calf were not included in the following
calculations. The sex ratio of 1.17 did not differ significantly from parity (χ2=0.62,
p>0.4) and was steady over all research areas. Of the 42 sexed calves, 15 were
females and 27 males. This ratio of 0.55 was not significantly different from parity
(χ2=2.88, p=0.08). Ignoring the calves, the sex ratio of animals identified annually
(Table 2-1) increased almost linearly from 1:1 (females/males) in the early years of
the study to 2.5:1 in most recent years, which differed significantly (t=3.82, p<0.01)
from parity.
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Figure 2-2. Annual sample size of individual humpback whales in the GSL - with
cumulative curve of photo-identified individuals over the study period and annual
effort in hours/10
2.4.3.2 Calves and calving
We observed 28 females with a total of 74 calves, of which 55 were photo-identified,
representing 27.5% of all identified animals. Calves appeared in increasing numbers
in the late 90s. We re-sighted only five of the 27 male calves, while we observed
seven of the 15 female calves in subsequent years. Two females seen first as calves
provided a continuous sighting history and returned with their own offspring after
nine and eleven years, respectively.
Using females with consecutive sighting histories between calves (N=30) the average
calving interval was 3.5 years (SE=0.26), and ranged between two and seven years.
The birth rate was 0.23 (SE=0.03) calves per sexually mature female and translated
into a higher calving interval of 4.3 years. Assuming females reach sexual maturity by
age 10 (see proportion of mature females per annum in Table 2-1), the birth rate was
0.30 (SE=0.05) associated with a calving interval of 3.3 years. The birth rate was
calculated for the 1990-2005 period because of the low (known) number of sexually
mature females before 1990. The crude birth rate for the same period ranged from 0 to
0.25 with a mean of 0.08 (SE=0.01).
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2.4.3.3 Seasonal distribution

Figure 2-3. Seasonal distribution of identified humpback whales in the Jacques Cartier
Passage averaged over the study period. All animals (circles), females (squares),
males (triangles) with SE. Months broken down in two halves (day 1-15 and 1630/31)
First sightings of humpback whales usually occurred in June along the Gaspe
Peninsula and rarely in the Jacques Cartier Passage. By late July, the number of
sightings in the Jacques Cartier Passage increased and reached a peak in the first
weeks of September (Fig. 2-3). In that period, sightings of females peaked as well,
whereas maximum numbers of males occurred in late August. By the end of
September the number of sightings decreased sharply and by November most animals
had left the area. Some animals, however, were seen along Gaspe as late as midDecember. The mean arrival date (Jacques Cartier Passage pooled over all years) was
day 231 (95% CI 229, 233) of the Julian calendar (August 19), mean departure day
was 256 (CI 252, 260) corresponding to September 13. We observed a trend towards
earlier arrival (significant) and departure (not significant) over the study period (Fig.
2-4) of roughly 14 days, while the occupancy remained approximately stable. We did
not find any significant difference of arrival or departure between mature males and
females (with or without calves), but young males appeared significantly earlier than
juvenile females, which were the last group to arrive (Fig. 2-5). All age and sex
classes left around the same time. Due to differences in arrival date, juvenile males
had a longer occupancy than young females (t= -2.1, p=0.03) of around 10 days. The
mean occupancy for all animals was 33.8 days (CI 31.6, 36.0) and ranged between 1
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and 128 days. We did not find any other significant difference between age and sex
classes. The mean occurrence for all animals was 4.1 days (SE=0.15) without any
significant difference between age and sex classes.

Figure 2-4. Mean annual arrival (squares) and departure (circles) day (95% CI) of
humpback whales in the Jacques Cartier Passage over the study period. The trend of
earlier arrival was significant (r2=0.19, p=0.03), but not departure (r2=0.1, p=0.1)
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Figure 2-5. Mean arrival (circle) and departure (square) day of age-sex classes with
95% CI in the Jacques Cartier Passage.
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Analysing data from the Gaspe surveys, the mean arrival date was July 8, nearly six
weeks earlier. Including the sighting data from Gaspe the occupancy increased to a
maximum of 158 days (early July to early December).
2.4.3.4 Residency and time since marking
We re-sighted a high percentage of humpback whales identified initially at the
beginning of the study (first two groups) in subsequent years, as shown by their high
residency index (Fig. 2-6). The residency index for these groups did not differ
between sexes. The re-sighting rate of males in the later groups was considerably
lower than that of females. In general, animals sighted for the first time in recent years
had a lower return rate, which was more pronounced for males. In recent years,
animals from the first two groups accounted for 50% of the number of animals
identified annually, while accounting for only 30% of all identified animals. In 2005,
41% of animals from the first group (cohorts of 1980-84) were re-sighted, while only
9% from the last group (2000-04) were seen again.

Figure 2-6. Residency index over time for the 5 age groups, separation of males and
females for the three recent groups (1990-1994, 1995-1999 and 2000-2004)
The high return rate of older animals is also shown in the increasing average age of
the stock. The TSM age was rising constantly over the entire study period (Fig. 2-7),
despite some fluctuations for all animals. The average TSM of males was rising
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steeper than that of females in recent years. This development follows the lack of
male recruitment in the last decade (Fig. 2-6) and the increasingly biased sex ratio
(Table 2-1).
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Figure 2-7. Average known age (TSM) of individual humpback whales over the study
period. All animals (black circles), females (square with lower 95% CI) and males
(triangles with upper 95% CI). CI’s are symmetric.
2.5 Discussion
2.5.1 Stock identity
We treated the humpback whales from the Gulf of St. Lawrence as a separate stock
based on the low level of matches between the GSL and SBI, confirming previous
genetic analysis (Palsbøll et al. 1997). While Stevick et al. (2006) pooled the GSL and
SBI as being part of one overall Canadian feeding stock, Palsbøll et al. (2001) found a
significant level of genetic divergence between them and included the SBI within the
Newfoundland/Labrador (NF/LB) stock. In addition to the low overlap between GSL
and SBI, the number of matches between the two regions with other NF/LB waters
based on the NAHWC (North West Humpback Whale Catalogue) showed a high
overlap of SBI with other NF/LB regions compared to a very low GSL-NF/LB
overlap.
Although there was evidence that the GSL and NF/LB are separate stocks, spatial and
temporary limitation of the SBI data did not allow us to make an ultimate decision
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about stock identity. In fact, we propose that the SBI in early summer attracted
animals from both stocks exploiting a short peak in abundance of a major prey species
(capelin) in the area, as a last break of their migration, before moving on to their final
feeding destinations. Therefore, the SBI animals in this study did not represent the
GSL and might not even be representative to the NF/LB stock. However, the vast
majority of animals identified there moved further north through the Strait following
the capelin, as observed on the east side of Newfoundland (Whitehead et al. 1980) and
likely belonged to the NF/LB stock.
In the following, we discuss all further results based on the assumption of two
separated stocks, although we recommend further studies to address this question,
especially with more genetic samples from other areas off Labrador and
Newfoundland.
2.5.2 Strait of Belle Isle
We could not take the animals from the Strait of Belle Isle as a representation of the
Newfoundland/Labrador stock due to the uncertainty regarding stock identity.
However, two demographic facts were noticeable. The sex ratio differed significantly
from parity, potentially biased by more females known from the GSL than males.
This confirmed that females seem to move more between feeding areas than males
(Palsbøll et al. 1997). The significant female-biased sex ratio was even more
remarkable, since lactating females were underrepresented. The low number of calves
and the small crude birth rate indicate that this part of the population was not among
the sampled animals. Temporal demographic segregation during migration is found in
the southern hemisphere (Dawbin 1966, 1997), with lactating females being last to
arrive on the feeding grounds. Thus we could have missed lactating females due to the
early sampling in the SBI. Spatial segregation on the feeding grounds are reported for
the Gulf of Maine, where females with calves are encountered frequently on
Stellwagen Bank while males are more numerous in the Bay of Fundy (Robbins
2007). Spatial segregation could therefore explain the lack of females with calves in
SBI, although this under-representation was found in all NF/LB waters during
YONAH (Peter Stevick, pers. comm. 2008) and was noted in all years of effort (19881993) off West Greenland (IWC 2002).
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2.5.3 Gulf of St. Lawrence
The annual number of identified humpback whales in the GSL has increased until the
late 90s, with considerable annual variation. Despite the lower spatial and temporal
shipboard effort in the early 80s, extensive aerial surveys along the entire Quebec
North Shore have shown that humpback whales were not very abundant in the entire
Gulf of St. Lawrence (Sears & Williamson 1982), indicating slow recovery from
earlier depletion. During the 1980s, several animals from the Gulf of Maine were
sighted in the GSL. For these years Stevick et al. (2006) found a negative relation
between this movement to Eastern Canadian waters and the relative abundance of
herring and sand lance in the Gulf of Maine. Most of these animals were sighted only
in this period in the GSL and returned to the Gulf of Maine later on.
2.5.3.1 Sex ratio and calving intervals
The overall sex ratio did not differ significantly from parity, as for the entire North
Atlantic population (Palsbøll et al. 1997, Smith et al. 1999) and the Gulf of Maine
stock (Clapham et al. 1995, Robbins 2007). However, without calves we observed a
trend over the study period towards a significant female-biased sex ratio. This is in
contrast to all other studies in the North Atlantic (Clapham et al. 1995, Palsbøll et al.
1997, Robbins 2007), with larger sample sizes. Robbins (2007) found a demographic
stratification in the Gulf of Maine, with an equal sex ratio over the entire population,
but biased ratios in some areas. This could indicate that we did not sample across the
entire population, although the sex ratio was not different among other areas of the St.
Lawrence. There is no data collection south and east of Anticosti Island, so we cannot
exclude further aggregations in these areas. However, these waters were never an
important habitat for humpback whales, neither during ancient whaling nor during
modern aerial surveys (Sears & Williamson 1982, Kingsley & Reeves 1998). Thus,
we note that the female-biased sex ratio in the GSL is an exception to most other
studies. However, it does not seem to be the only one, since catch records from the
feeding areas around Antarctica show a significant excess of females, too
(Chittleborough 1965, Dawbin 1997).
More males than females were born into the GSL population, although this difference
was not significant due to the small sample size. Palsbøll et al. (1997) report parity for
the sex ratio at birth in the North Atlantic, as did Glockner-Ferrari and Ferrari (1990)
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for Hawaiian waters. Chittleborough (1958, 1965) found near parity in humpback
whales and their foetuses caught in southern hemisphere waters during whaling,
whereas Pomilla and Rosenbaum (2006) described a significant excess of males in a
small sample of births (N=30) off Northeast Madagascar, Africa. Wiley and Clapham
(1993) hypothesized that females with longer calving intervals are in superior
maternal condition and tend to produce male offspring more frequently, thus
improving their fitness, following the sex ratio manipulation theory of Trivers and
Willard (1973). However, Wiley and Clapham (1993) acknowledge that females
reproducing more frequently might be in equal or better maternal condition. The
longer mean calving interval and the excess of male calves observed in the GSL
population fits the hypothesis of Wiley and Clapham (1993), although the excess in
male offspring was apparent in all calving intervals.
The low number of returning calves could be explained by emigration and mortality.
Calves and juveniles have an elevated mortality in most mammals (Caughley 1966),
which is true for humpback whales as well (Barlow & Clapham 1997, Gabriele et al.
2001, Rosenbaum et al. 2002). In many polygynous mammalian species a higher
mortality of juvenile males is found (e.g. Ralls et al. 1980), which is attributed to their
faster growth rates and higher nutritional requirements resulting in additional stress
(Clutton-Brock et al. 1985). This feature is mainly recognized in strongly dimorphic
species, in which males reach larger body sizes than females (Promislow 1992),
which is the opposite of humpback whales and Mysticeti species in general. Malebiased juvenile mortality could explain the lower re-encounter rate of male calves and
could result in the female-biased sex ratio as found in other studies (see Promislow
1992). In contrast, Robbins (2007) detected a female-biased mortality in juvenile
humpback whale in the Gulf of Maine. However, so far we could not provide any
evidence of such a sex-biased juvenile mortality. In addition, the return rate of all
calves in the St. Lawrence was too low to be explained exclusively by mortality, and
if so, its magnitude would be alarming. Hence, juveniles appeared to emigrate more
often than adults who may already have developed preferences for a specific feeding
ground, a tendency also more often observed in male mammals (Ralls et al. 1980).
However, Robbins (2007) did not find any indications for natal dispersal of juvenile
humpback whales in the Gulf of Maine.
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We observed an increasing number of calves in the mid/late 90s corresponding to the
increasing number of presumably mature females. The observed calving interval in
the GSL (3.5 years) is higher than that in the Gulf of Maine (2.38 years, Barlow &
Clapham 1997) and in Southeast Alaska (2.7 years, Straley et al. 2001). Using
consecutive sighting histories, the mean calving interval is biased, since longer
calving intervals are less likely to be observed (Barlow & Clapham 1997). The birth
rate in the GSL is also lower than in Alaska (0.37, Straley et al. 2001) and in the Gulf
of Maine (0.41, Barlow & Clapham 1997). Assuming females to be sexually mature at
age ten, the birth rate estimate (0.30) produced a similar calving interval (3.33 years)
as using consecutive sighting histories. Therefore, we conclude that females were
around age ten when attaining sexual maturity in the GSL. Two females sighted first
as calves returned with their own offspring after nine and eleven years respectively,
confirm this. This estimate of age at sexual maturity was similar to the results for
Southeast Alaska (11.7 years, Gabriele et al. 2007) but in contrast to the Gulf of
Maine stock (5 years, Clapham 1992). However, a more recent study showed that
female humpback whales in the Gulf of Maine attain sexual maturity on average later
than reported in the previous study (Robbins 2007). The differences between the
populations might be caused by different stages of maturity and development of the
stocks, but could also be an indication of inter-population variation (Frederiksen et al.
2005), e.g. due to differences in prey availability.
2.5.3.2 Seasonal distribution
We observed humpback whales first along the Gaspe Peninsula in June/July
corresponding to the spawning time of capelin in that region (Department of Fisheries
and Ocean (DFO) 1998). These animals then moved into the Jacques Cartier Passage
region later in the summer. Humpback sightings in the Estuary were rare over the
entire season, confirming observations by Edds and McFarlane (1987) that the
Estuary is not a prime habitat for this species. Animals left the Gulf near the coast of
the Gaspe Peninsula, although sightings in late autumn were rare owing to little
research effort during that time of year. This also prevented us from quantifying the
occupancy in the entire GSL. Thus, we cannot compare our occupancy results (mean
33.8 days) with the Gulf of Maine data, where whales have been reported to stay on
average 88 days (Clapham et al. 1993). The lack of effort in Gaspe might also explain
why we did not find a difference in arrival time between mature females and males. In
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the Jacques Cartier Passage, juvenile males are the first to arrive and stay longer than
juvenile females, but all sex and age classes leave almost simultaneously. The trend of
earlier arrival and departure over the study period with a constant occupancy over the
study period could be due to earlier food availably, but that issue remains a matter of
conjecture. All sex and age classes were found in the Jacques Cartier Passage and
spent a considerable amount of time in the area. The area represented the main habitat
in the GSL over the summer confirming whaling records, which described the North
Shore as the main whaling grounds (Mitchell & Reeves 1983).
2.5.3.3 Residency and time since marking
Humpback whales first sighted in the 1980s had a higher chance of being re-sighted
and developed greater site fidelity than animals sighted initially in the 1990s and later.
This was true for both sexes, but changed over time with ‘younger’ females having
higher re-sighting probabilities than males. This explains partially the annual femalebiased sex ratio. Although the residency index is a long-term average, the re-sighting
rate of older cohorts will eventually decline due to mortality. This point has
apparently not yet been reached, since life expectancy exceeds the duration of this
study. A stable and mature population close to carrying capacity should have a
relatively constant average age due to a balance between losses and recruitment.
However, the average age (TSM) of the GSL stock is still increasing, indicating
maturation of the stock.
Long-known individuals dominated the annual sightings of humpback whales in the
GSL and very few new animals appeared and remained in the population. Some
animals may only be transients migrating through the area in a given year, to or from
a different feeding area. The lack of recruitment could be caused by intra-specific
competition for limited resources resulting in the dominance of older and more
experienced humpback whales. However, so far no evidence of social hierarchy in
humpback whales exists (Clapham 2000).
Inter-specific competition might be an additional reason for the limitation of
humpback whale population size in the GSL, as between 150 and 250 fin whales
(Balaenoptera physalus) are identified in the Jacques Cartier Passage annually (MICS
unpublished data) and both species use similar habitats (Doniol-Valcroze 2008).
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Likewise, no separation by geographic distribution or prey between these two rorqual
species was found off Newfoundland (Whitehead & Carscadden 1985), indicating the
potential for inter-specific competition for prey (Whitehead & Carlson 1988). Borobia
et al. (1995) stated that both species feed at a low trophic level in the GSL, indicating
a high proportion of zooplankton in their diet (Sourisseau et al. 2006). The trophic
position of humpback whales was slightly below that of fin whales (Borobia et al.
1995).
2.6 Conclusions
The humpback whales of the Gulf of St. Lawrence most likely form a separate stock.
The animals identified in the Strait of Belle Isle represent a temporary aggregation of
individuals from the GSL and NF/LB on their way to their final feeding ranges, but
with the majority belonging to the NF/LB stock. However, we could not make a
conclusive statement regarding stock identity, and we recommend further study of the
subject. The number of animals observed annually in the GSL was increasing over the
study period, as well as the proportion of mature females and the number of observed
calves. The stock was maturing and this was also visible by the ageing of the
population. The female-biased sex ratio in the GSL and SBI was in contrast to most
other feeding grounds worldwide and developed only over time, due to low male
recruitment. Continuous studies are required to see whether the skew in the sex ratio
remains constant. Females attained sexual maturity later and had fewer calves than in
the Gulf of Maine. The latter number could increase, when more females start to
reproduce. However, the similar lack of sightings of cow and calf pairs from NF/LB,
West Greenland and the GSL raises the question, whether reproduction parameters
from the well-studied Gulf of Maine are applicable to other feeding grounds. The
recovery and maturation of the Gulf of Maine stock might have been faster due to the
shorter distance to the breeding grounds.
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Appendix
Table 2-1: Summary of data - Gulf of St. Lawrence stock. Annual sample size and
development of the catalogue. Number of males and females include calves while the
sex ratio does not.
Year

Total
seen

Calves Cumulative Males Females

Annual F/M % mature females
sex ratio

6 years

10 years

1980

2

0

2

1

1

1.0

1981

1

0

3

1

0

0.0

1982

12

1

14

2

5

1.3

1983

16

0

22

5

4

0.8

1984

14

0

27

4

5

1.2

1985

15

1

35

4

5

1.0

1986

7

0

36

3

1

0.3

1987

10

1

37

3

4

1.3

1988

22

1

48

7

12

1.6

1989

30

2

58

13

13

1.1

1990

37

2

69

14

18

1.2

55%

39%

1991

32

3

79

10

17

2.1

52%

41%

1992

40

0

85

17

20

1.2

45%

40%

1993

40

2

97

17

17

1.0

52%

41%

1994

44

2

112

12

18

1.6

55%

50%

1995

17

0

112

5

10

2.0

70%

60%

1996

39

1

128

12

20

1.6

45%

30%

1997

64

7

152

19

35

2.1

57%

30%

1998

56

1

157

17

30

1.8

70%

57%

1999

47

4

168

13

25

2.5

80%

80%

2000

54

1

178

15

31

2.0

73%

60%

2001

59

4

189

18

34

2.1

69%

67%

2002

27

1

193

4

17

4.2

82%

65%

2003

61

5

202

17

36

2.2

88%

69%

2004

38

3

205

13

24

2.4

95%

66%

2005

67

14

221

22

37

2.4

89%

70%

53

Chapter 2
Table 2-2. Summary of data – Strait of Belle Isle animals. Overview of annual sample
size and development of the catalogue.
Year

Total seen

Also seen in GSL Calves

1982

30

30

2

5

1983

22

46

2

3

1984

26

1

69

1

6

1985

30

3

89

2

10

1987

10

0

96

0

3

1988

3

0

98

0

1

1991

61

0

1

151

8

12

1992

91

3

3

216

17

29

1993

174

4

3

327

28

47

1994

67

2

1

358

8

22

1995

41

0

370

8

19

2000

53

5

392

5

15

2001

11

0

395

1

3

2002

66

1

1

420

5

9

2004

92

1

2

465

5

18

2005

66

6

11

500

9

26

54

1

Cumulative Males Females

2

1

Sex-specific survival
Chapter 3: Evidence of differential costs of reproduction in a baleen whale - sexspecific survival in the humpback whale (Megaptera novaeangliae) in the Gulf of
St. Lawrence, Canada
3.1 Abstract
Sex-biased adult mortality is attributed to differential costs of reproduction. Sexual
selection theory predicts higher cost of reproduction for the sex with intense matecompetition, while parental care is also costly. In mammals, male-biased mortality is
frequently observed due the prevailing polygynous mating system. Male humpback
whales compete intensively for mates, while females bear the costs of pregnancy and
lactation. However, there is very little information about sex-biased mortality in
baleen whales aside from whaling data. In this study, we investigated whether the
different investment in reproduction of male and female humpback whales results in a
difference of survival. We applied Akaike Information Criterion (AIC) based modelselection to 18 years of mark-recapture data from a North Atlantic humpback whale
feeding aggregation, the Gulf of St. Lawrence (Canada), to estimate sex-specific
survival rates. We found a significantly higher survival rate for females (0.992, 95%
CI 0.985-0.999) than for males (0.971, 0.943-0.985). Male humpback whales appear
to suffer higher costs of reproduction than females. The male-biased mortality was not
linked to sexual size dimorphism (SSD) as some studies suggest, but rather to the
mating system. The underlying forces leading to SSD in Mysticeti species seem to
apply more to females, outweighing sexual selection among males. Variation in
mortality is likely driven by different male mating strategies.
3.2 Introduction
Differences in adult survival between males and females are frequent in the animal
kingdom. Sex-biased mortalities are commonly attributed to the different costs of
reproduction of both sexes (e.g. Trivers 1972, Promislow 1992, Moore & Wilson
2002). Mate-competition is time and energy consuming and may increase adult
mortality, especially in males. On the other hand, parental care, which is often borne
by females exclusively, is also costly and may lower survival (Clutton-Brock 1991).
In mammals, elevated male mortality is common in polygynous mating systems
(Trivers 1985), while in monogamous taxa mortality is frequently female-biased
(Promislow 1992). Male-biased sexual size dimorphism (SSD) is commonly observed
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in mammals and is attributed to the intense mate competition, favouring larger males
(Trivers 1972) and some studies showed that SSD is correlated with sex-biased
mortality (e.g. Promislow 1992, Moore & Wilson 2002). However, Blanckenhorn
(2005), Isaac (2005) and Liker and Székely (2005) state that there is no evidence that
the larger sex suffers higher costs in terms of mortality. Liker and Székely (2005)
argue that the use of SSD as a proxy for the intensity of sexual selection between
sexes is unjustified, and that the sex-biased mortality rates are correlated to the mating
system but not to SSD.
In cetaceans male-biased mortality is found in polygynous toothed whales such as
sperm whales (Physeter macrocephalus, Ralls et al. 1980), killer whales (Orcinus
orca, Bigg et al. 1990) and pilot whales (Globicephala macrorhynchus, Kasuya &
Marsh 1984), all of which also exhibit a male-biased SSD. In contrast, all Mysticeti
species display a female-biased SSD (Ralls 1976). Two studies based on whaling data
found elevated female mortality rates in fin (Balaenoptera physalus, Aguilar &
Lockyer 1987) and grey whales (Eschrichtius robustus, Reilly 1984). Our knowledge
of the mating systems in baleen whales is very limited. Grey whales migrate to
distinct breeding grounds and appear promiscuous (Jones & Swartz 1984). Right
whales (Balaenidae) are promiscuous as well (Kraus et al. 2001), and the large
testis/body weight ratio of both families suggest sperm competition as an important
factor in their mating strategy (Brownell & Ralls 1986). Most rorqual whales
(Balaenopteridae) have rather small testis/body weight ratios, indicating matecompetition as main mating strategy.
Humpback whales are the only known balaenopterid species with a polygynous
mating system (Cerchio et al. 2005). They migrate to distinct breeding and mating
grounds, where males compete for females by singing, escorting oestrous females and
aggressive competition with one or several males for access to a presumably oestrous
female (Tyack 1981, Tyack & Whitehead 1983). As in all Mysticeti species, the
energetic investment of female humpback whales during reproduction is considerable,
as up to 41% of the overall caloric intake might be used for lactation alone (Lockyer
1986). Parental care by female humpback whales exceeds ten and a half months
(Chittleborough 1958), the longest within their family. Thus, both males and females,
invest heavily in reproduction. Our main question was whether the survival of
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humpback whales differs between the sexes. If humpback whales do display a sexbiased mortality, it could indicate differential costs of reproduction. If not, it could
mean that costs for the two sexes are similar overall and thus balance each other out.
Additionally, we tested whether sex-biased mortality, if present, is linked with
females biased sexual size dimorphism or with the polygynous mating system of the
species.
We analyzed 18 years of mark-recapture data of humpback whales from the Gulf of
St. Lawrence to investigate sex-biased mortality. The humpback whale is among the
best-known baleen whale species, with at least rudimentary knowledge about the
mating system and costs of reproduction. It is therefore suited to test for sex–biased
survival.
3.3 Material and methods
3.3.1 Data collection
We conducted multiple annual research surveys in the Jacques Cartier Passage in the
Gulf of St. Lawrence (GSL), Canada (Fig. 3-1) between 1988 and 2005. This region
has the highest density of humpback whales during the summer (chapter two).
Surveys were conducted on a daily basis (weather permitting) from June to October
with an average of 500 survey hours per year. Additional surveys targeted the regions
around Sept-Iles, the Estuary and Gaspe (Fig. 3-1).
Individual humpback whales were identified from photographs of the ventral
pigmentation pattern of the tail and the dorsal fin (Katona & Whitehead 1981).
Photographs were taken using either 35 mm black and white film or digital imaging
from semi rigid inflatable boats as platforms. Collections of identification
photographs were continued over multiple days in a specific area, until it was
assumed that all individuals had been photographed. We considered an individual as
captured for a given year, when a high-quality photo was taken (see Friday et al. 2000
for definition), regardless of how many times or where the animal was sighted in
GSL.

The sex of an individually identified humpback whale was determined by molecular
analysis (Bérubé & Palsbøll 1996) of genomic DNA extracted from remotely
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collected skin biopsy samples (Palsbøll et al. 1992). Altogether 208 animals were
identified and 126 sexed (68 females, 58 males) using biopsy techniques exclusively.
The data set also included 53 calves, 40 of them sexed (27 males, 13 females).

Figure 3-1. Research area and approximate distribution of the Gulf of St. Lawrence
humpback whales
3.3.2 Data analysis
We used the Cormack-Jolly-Seber (CJS) model (Cormack 1964, Jolly 1965, Seber
1965), an open population model to estimate two parameters: the survival probability
(φ) in the population at risk of capture in the interval between two successive
sampling occasions for individuals alive in the first sampling event, and the
probability of capture (p) at an occasion for individuals at risk on that sampling
occasion (Burnham & Anderson 1992). The apparent survival rate is the product of
the true survival rate and the return of animals to the study area, but for simplicity we
will refer to it as the survival rate.
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We tested numerous effects (e.g. sex) on apparent survival and the probability of
capture (Table 3-1). The notation follows Burnham et al. (1987), Lebreton et al.
(1992) and Sandland and Kirkwood (1981). Age classes did not correspond to the real
age of the animals but to the time they had been known to the study (i.e. time since
first marking or TSM). We used the age classes to model transients, which cause
heterogeneity in the survival among individuals (Pradel et al. 1997). Pradel et al.
(1997) define transient animals as individuals that are sighted once and then emigrate
permanently from the population, such that they are no longer available for future
encounters. The resulting survival of zero would bias the survival rate downwards. To
account for transients in a model, the first interval over all cohorts is defined as the
first age class and all other intervals over all cohorts as the second age class,
regardless of the actual age of the animals. Transient animals are therefore included in
the first age class and the survival of the second age class is unbiased (Pradel et al.
1997). In fact, the survival estimate of the first age class is the survival of the
residents (second age class) times the proportion of residents in the sample.
The notation a2 indicated two age classes. A model “φ (a2 t/t)” represented time-varying
survival in both age classes, while “φ (a2 t/c)“ stands for time-varying survival in the
first age class, but constant in the second, (i.e. the slash separates the two age classes).
We tested two more factors on the probability of capture. We added effort in hours of
surveys per year to account for annual variation in the detection probability. Trap
dependency (Sandland & Kirkwood 1981) was also applied to some models. This
effect, included as an individual covariate, takes into account whether or not an
animal was sighted on the previous sampling occasion, e.g. being trap-happy or trapshy. It accounts for structural effects that mimic trap dependency such as
heterogeneity of sighting probabilities among individuals (Pradel 1993). In this case,
it was not genuine trap dependency, but for simplicity we will refer to it as such.
The main effects were added individually and combined in the model set, yielding
numerous constraints and models (see Burnham & Anderson 1992 for more details).
The model “φ

(t)

p (t)“ represents the full time-dependent CJS model, where the

parameters can vary over all intervals and capture occasions, respectively. The model
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“φ (s) p (s*t) ” indicates no time effect on survival, but different survival rates for males
and females, while the probability of capture is influenced by sex, time and the
interaction of sex and time. These are hereafter called interaction models. Models
with time and sex as effects that are proportional to each other and without the
interaction term are called additive models. They are denoted through “p (s+t)”.
Table 3-1. Effects and notation used for modelling the survival rate of humpback
whales.
Parameter

Effect

Notation Description

Survival

Time

φt

Time varying survival

Constant

φc

Constant survival over time

Sex

φs

Survival as function of sex (male,
female, sexed & unknown)

Age (class)

φ a2

Survival as a function of (two)
age classes

Calf

φ calf

Survival as a function of being a
calf at first sighting

Trend (linear)

φT

Survival as a linear trend over
time

Probability of

Time

pt

Time varying prob. of cap.

Sex

ps

Prob. of cap. as a function of sex

capture
(male, female & unknown)
Age (class)

p a2

Prob. of cap. as a function of two
age classes

Trap dependency p m

Prob. of cap. as a function of
being sighted in previous year

Effort

p effort

Effort in hours per year

Trend (linear)

pT

Prob. of cap. as a linear trend over
time
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3.3.3 Model selection
We applied a general model to the data set and conducted a goodness-of-fit (GOF)
test to determine whether that model adequately fitted the data (Lebreton et al. 1992).
The GOF test results also make the estimation of the extra binominal variation, the so
called over-dispersion factor

, possible (Burnham & Anderson 2002). We used

program “U-CARE” (Choquet et al. 2003) to conduct the GOF test, which is divided
into four different components (see Burnham et al. 1987, Choquet et al. 2003 for
details), each testing a different aspect of the model fit. It also provides additional
directional tests for trap dependency and transients in the data. Trap dependency and
non-random (Markovian) temporary emigration can lead to significant GOF test
results (TEST.2CT), but the two can be distinguished by the direct test for trap
dependency (Schaub et al. 2004). Random temporary emigration is allowed under the
model assumptions (Burnham 1993) and leaves the survival estimates unbiased
(Kendall et al. 1997), in contrast to Markovian emigration, which can be modelled in
a multi-state framework (Schaub et al. 2004).
Further model selection was based on the small sample likelihood criterion “Akaike
Information Criterion (AICc)” (Akaike 1985, Burnham & Anderson 2002) using the
program MARK (White & Burnham 1999). The model with the lowest AICc value
has the best fit with the fewest parameters (Burnham & Anderson 2002). When the
difference in the AICc (∆AIC c) between two models was less than 2, both models
were inferred to have similar support. A ∆AICc >2, but < 7 was inferred as low
support for the least likely model, and a ∆AICc > 10 was inferred as no support for the
least likely of the two models. When several models showed some support, we
applied a model-averaging procedure during which the parameters were estimated
from the models in question proportional to their AICc weights (Burnham & Anderson
2002). We included various effects (Table 3-1) to model the parameters and used the
AICc to determine whether the effect improved the fit of the model. The magnitude of
an effect, like difference between the sexes, is called effect size. If the 95%
confidence intervals did not include zero, the effect size was statistically significant.
When the variance-inflation factor

was applied, model selection was based on the

Quasi Akaike Information Criterion (QAICc) (Burnham & Anderson 2002).
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3.4 Results
The GOF test rejected the general model φ

(t*s)

p (t*s) for the entire data set containing

208 animals (p=0). We then distinguished between sexed (n=126) and unsexed (n=82)
animals accounting for 651 and 123 encounters, respectively. These two groups could
not be pooled, and we disregarded the unsexed animals. The GOF test was then
applied on the data set of sexed animals with the starting model φ (t*s) p (t*s). The test
was rejected (χ2=124.77, d.f.=86, p=0.004), although only one test component was
significant for both sexes, indicating the presence of transients in the sample. There
was no evidence of non-random temporary emigration. The direct test for transients
was significant for both sexes, as was the directional test for trap dependency for
females. Twenty-three females and 33 males were sighted on only one sampling
occasion including eight female and 22 male calves. We started with a two-age class
model for both sexes φ (2a t*s/t*s) p (t*s) (Pradel et al. 1997), thus including the survival of
calves in the first age class. This general model (No. 17, Table 3-2) was accepted
(χ2=39.75, d.f.=64, p=0.99) and made a

adjustment unnecessary. Further model

selection was based on AICc.
We applied different age structures to the survival and found a difference between the
sexes. For males, the classic two-age class model (Pradel et al. 1997) fitted the data
best, the first age class included only the first sampling interval, while the first age
class for females spanned the first two intervals, due to further heterogeneity of
survival among individuals (transients).
Time varying survival was not supported in both age classes (Model 16 vs. 17). The
estimates of the first age class did vary with time, but most values were on the
boundaries [0,1] and thus were inestimable. A linear trend was applied and was better
supported than models with time-varying or constant survival (Model 8 vs. 12). In the
first age class the distinction between males and females was supported (Model 1 vs.
7) and the covariate ‘calf’ further improved the model fit (Model 1 vs. 2). In the
second age class sex was the only supported factor (Model 1 vs. 6). All effects were
applied as additive models, interaction models were not supported due to the number
of inestimable parameters.
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Table 3-2. Model selection for apparent survival. List includes only selected models
leading to the best-supported ones and is in order of their AIC.
No

Model

AICc

∆AICc

AICc Weights

No Par

Deviance

1

φ (a2 T+calf+s/c+s) p(a2 T+s+m/t+s+m)

1049.20

0.00

0.44

24

999.09

2

φ (a2 T+s/c+s) p(a2 T+s+m/t+s+m)

1050.34

1.13

0.25

23

1002.40

3

φ (a2 T+calf+s/c+s) p(a2 T+m/t+m)

1051.34

2.14

0.15

23

1003.40

4

φ (a2 T+calf+s/c+s) p(a2 T+s+m/t+m)

1053.47

4.27

0.05

24

1003.36

5

φ (a2 T+calf+s/c+s) p(a2 t+m/t+s+m)

1053.78

4.58

0.04

25

1001.50

6

φ (a2 T+calf+s/c) p(a2 T+s+m/t+s+m)

1055.38

6.18

0.02

24

1005.27

7

φ (a2 T+calf/c+s ) p(a2 T+s+m/t+s+m)

1055.97

6.77

0.02

24

1005.86

8

φ (a2 T+s/c+s) p(a2 t+s+m/t+s+m

1056.49

7.29

0.01

24

1006.38

9

φ (a2 T+calf/c) p(a2 T+s+m/t+s+m)

1059.12

9.92

0.00

23

1011.18

10

φ (a2 T+calf+s/c+s) p(t+s+m)

1063.91

14.71

0.00

24

1013.80

11

φ (a2 t+s/c+s) p(a2 t+s+m/t+s+m)

1066.95

17.75

0.00

39

983.32

12

φ (a2 c+calf+s/c+s) p(a2 t+s+m/t+s+m)

1070.87

21.67

0.00

24

1020.76

13

φ (a2 c+calf/c+s) p(a2 t+s+m/t+s+m)

1071.95

22.74

0.00

24

1021.84

14

φ (a2 c+calf+s/c+s) p(t+s+m)

1080.38

31.18

0.00

23

1032.45

15

φ (a2 c+s/c+s) p(t+s)

1112.99

63.78

0.00

21

1069.37

16

φ (a2 c*s/c*s) p(t*s)

1135.46

86.26

0.00

38

1054.12

17

φ (a2 t*s/t*s) p(t*s)

1166.56

117.36

0.00

93

945.60

18

φ (t*s) p(t*s)

1249.26

200.06

0.00

66

1100.48

This was also true for the probability of capture, where time variation and sex were
supported but not the interaction term (Model 15 vs. 16). We added trap dependency
to females due to the direct test results under “U-CARE”, but its application to both
sexes fitted the data best (Model 14). We applied several age structures, and a two-age
class model performed best, in which the first age class included the first two
recaptures (Model 12 vs. 14). The same age structure was supported for both sexes.
The estimates of the second age class were time varying, while for the first age class a
linear trend performed best due to numerous parameters on the boundaries (Model 2
vs. 8). We applied sex and trap dependency in various combinations to both age
classes (Models 2-5). The differences were marginal, but both effects were supported.
Adding effort as covariate did not improve the model fit.
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Figure 3-2. Model-averaged survival estimates for males (triangle) and females
(circle) of the first age class with 95% CI’s

Figure 3-3. Probability of capture for the first (b) and second (a) age class, divided by
males (triangle) and females (circle) with 95% CI’s.
Several models had considerable support (Table 3-2). Therefore, the estimates were
model-averaged over the model set. The model-averaged (apparent) survival estimates
for the first age class of both genders was declining rapidly over the years (Fig. 3-2).
The initial estimate was lower for males and its decrease was also more pronounced.
For the second age class, the estimate of survival for females was 0.992 (95% CI
0.985-0.999) and for the males 0.971 (0.943-0.985). The effect size was 0.021 (0.00464

Sex-specific survival
0.380). The model-averaged estimates for the probability of capture are shown in
Figure 3-3. Due to the additive character of the models, the ‘p’ estimates for different
age and sex classes paralleled each other. Females had slightly higher ‘p’ values than
males in both age classes.
3.5 Discussion
3.5.1 Modelling survival
Female humpback whales had a significantly higher adult survival rate than males,
while the difference in the first age class was caused by structural effects of the data
and the models. The lower survival of calves (Barlow & Clapham 1997, Gabriele et
al. 2001, Rosenbaum et al. 2002) was included in the first age class leaving the
estimates of the second age class unbiased. Since the survival of the first age class is
the proportion of residents (second age class) times resident survival, with transients
and calves confounded, the survival estimates for the first age class have no biological
meaning. The decreasing trend rather reflected the increasing number of transients
(calves) over the sampling period. Hence, we could not infer sex-specific survival in
that ‘age’ group.
We used the two-age class approach to obtain homogeneous estimates of adult
survival among the individuals of both sexes. The survival estimates of 0.971 for
adult males and 0.992 for adult females we found in GSL humpback whales were
similar to those reported by other studies. Barlow & Clapham (1997) estimated a noncalf survival rate of 0.96 (SE 0.008) among Gulf of Maine humpback whales, while
the estimates for North Pacific humpback whales range between 0.957 (95% CI
0.943, 0.967) and 0.983 (0.954, 0.995) (Mizroch et al. 2004). Whales sighted more
frequently have a higher chance of being biopsied, thus our estimates of survival rates
which included only genetically sexed animals might be biased high. Best and
Kishino (1998) list several potential biases in mark-recapture studies, such as
misidentifications and emigration, most of them leading to an overestimate of
mortality. Thus, our estimates may be biased in either direction. It is not possible to
quantify the magnitude of these biases, but they should affect both sexes equally and
did not cause the difference in male and female survival.
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3.5.2 Modelling probability of capture
The time variation in the probability of capture represented the fluctuation of animals
sighted annually. In the CJS model ‘p’ is defined as the probability of capturing an
individual in the population at risk on a given occasion (i.e. the detection probability).
Temporary emigration, leading to the absence of animals in some years, is only
allowed when it is random (Burnham 1993) which leaves the survival estimates
unbiased (Kendall et al. 1997). The fluctuation of ‘p’ in the second age class was
likely caused by the presence and absence of animals due to environmental factors
such as prey availability (Simard & Lavoie 1999), and was not influenced by our
relatively consistent effort. The observed temporary emigration was random and left
the survival estimates unbiased. Females returned more regularly to the GSL as
indicated by a slightly higher capture probability in both age classes.
We found evidence for a difference between two age-classes. Juveniles (non-calves)
have a lower probability of capture than the adult resident animals. Juvenile animals
are often observed at the peripheries of the main aggregations (Weinrich et al. 1997).
In addition to their smaller size, they raise their tail less frequently, which leads to a
lower detection and identification probability. The time-varying models resulted in
some inestimable parameters, and a trend was better supported. The decreasing trend
in ‘p’ was attributed to the fact that all animals seen initially at the beginning of the
study had a high recapture rate and there were few calves or juveniles among them.
The proportion of animals with a lower recapture chance increased over time and was
partly caused by an increasing number of calves over the study period.
3.5.3 Sex-specific adult survival
We showed that adult female humpback whales (0.992) had a significantly higher
survival than males (0.971) in the Gulf of St Lawrence. Sex-biased adult mortality is
often explained as the differential cost of reproduction between males and females
(Trivers 1972, Promislow 1992, Moore & Wilson 2002). Humpback whales are a
fairly typical example of a polygynous mammalian species, with females bearing the
costs of parental care, while males compete for mates. Gestation and especially
lactation are extremely costly for female humpback whales (Lockyer 1986), while
males invest in fighting in competitive groups. The latter groups are often violent and
superficial wounds have been noted among the participating males (Tyack &
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Whitehead 1983, Baker & Herman 1984), although serious or even lethal
consequences are rare (Pack et al. 1998).
Several studies have identified a significant excess of males on the breeding grounds
(Brown et al. 1995, Palsbøll et al. 1997), in contrast to the parity observed in the
whole population (Palsbøll et al. 1997). This suggests that either some females do not
migrate to the breeding grounds but winter at higher, more productive latitudes
(Brown et al. 1995), or that female residency time on the breeding ground is much
shorter than for males (Palsbøll et al. 1997, Craig et al. 2001; Mattila et al.
unpublished data). Consequently, adult male humpback whales may have
considerably less time overall to forage compared to females, which in turn is likely
to adversely affect survival rates. However, the energetic demand of pregnant and
lactating females is higher than for males and one could argue that females need to
spend more time foraging to compensate for these additional costs.
Humpback whales carry many ectoparasites (Felix et al. 2006), but our knowledge of
endoparasites and their effects on their health is limited (Clapham 2000). The fighting
of males and resulting wounds (Tyack & Whitehead 1983) could make them more
prone to parasites and infections, resulting in male-biased mortality, as shown in other
mammals (Moore & Wilson 2002).
Humpback whales have one of the most extensive migrations among mammals (Stone
et al. 1990), but migration distance is clearly different for each feeding stock, ranging
from 2,000 to over 8,000 km in the North Atlantic (Stevick et al. 2003). This raises
the question, whether mortality in humpback whales is correlated with the distance of
migration. The constraints of a longer migration and a potentially shorter feeding
season apply to both sexes. If females do not migrate annually (Brown et al. 1995) or
have lower residency time in the breeding grounds (Craig et al. 2001), sex-biased
mortality could be more pronounced in feeding aggregations at greater distances from
the breeding grounds such as for West Greenland animals.
In our study, male humpback whales suffered a higher mortality probably linked to
their prolonged residency time in the breeding grounds and intense mate-competition.
The male-biased mortality occurs in a species with a female-biased sexual size
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dimorphism, despite a polygynous mating system in which larger males appear to
have advantages in competitive groups (Spitz et al. 2002). Female-biased SSD is
found in all baleen whale species, among which different male mating strategies are
observed. This observation suggests that increased body size is subject to positive
selection among female baleen whales rather than being the result of sexual selection
among males. Ralls et al. (1980) suggested that increasing body size of females
results in larger energy reserves (stored as blubber) helping to sustain the female and
her calf during gestation and subsequent lactation. Pack et al. (2007) have also shown
that larger female humpback whales have larger offspring. Larger females may also
be more capable of defending their offspring against predators such as killer whales
which preferentially attack calves instead of adult individuals (Clapham 2000).
We hypothesised that the elevated male mortality rate is caused by the cost of
reproduction of the polygynous mating system including intense mate-competition in
humpback whales (Spitz et al. 2002). Cerchio et al. (2005) suggested the term mild
polygyny, since the number of males fathering offspring was larger than expected, if
strong polygyny with few males dominating the reproduction was assumed. However,
humpback whales are the only balaenopterid species exhibiting intense physical fights
among males, despite the fact that all rorqual whales have small testes (Brownell &
Ralls 1986). The two other Mysticeti families, the grey whale and right whales are
promiscuous (Jones & Swartz 1984, Kraus et al. 2001) and sperm competition seems
to be the main mating strategy (Brownell & Ralls 1986). We hypothesize that such
mating strategies put less constraints on males and expect the mortality to be equal or
skewed towards females.
3.5.4 Stock (region) specific differences
Sex-specific survival has not been examined in mark-recapture studies on humpback
whales (Barlow & Clapham 1997, Mizroch et al. 2004), despite considerably larger
sample sizes. Inter-population variation in life parameters is observed in some taxa
(Frederiksen et al. 2005). Females in the GSL are older when giving birth the first
time and their calving interval is larger (unpublished data) compared with females in
the Gulf of Maine (Barlow & Clapham 1997). This could indicate reduced cost of
reproduction and result in reduced mortality.
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Male balaenopterid whales in the GSL show a higher contamination with polychlorinated biphenyls (PCBs) and organochlorines (such as DDT) than females,
reflecting maternal transfer of contaminants to offspring (Gauthier et al. 1997,
Metcalfe et al. 2004). Whether the elevated bioaccumulation of these contaminants in
males increases mortality is unknown. Thus far, no evidence has been presented that
the reported levels of these substances are sufficient to have lethal effects on baleen
whales (O'Shea & Brownell 1994).
3.6 Conclusions
Humpback whales in the GSL show a high survival rate as expected for mammals
with long life expectancies, with an elevated female survival. The costs of
reproduction for males may be higher due to the annual migration to the breeding
grounds, the time spent fasting, and the male-male competition. Just like
Blanckenhorn (2005) and Liker and Székely (2005), we did not find any link between
sex-specific mortality rates and sexual size dimorphism. The selective forces driving
SSD in humpback and baleen whales in general do not appear to be correlated with
male mating strategies as female-biased SSD is observed in all baleen whale species,
which differ in male mating strategies (Ralls 1976). Thus, we conclude that the main
selective forces behind the female-biased SSD observed in humpback whales apply to
the females, outweighing the effects of the competitive mating system upon male
body size. In contrast, male-biased mortality appears to be correlated with the
polygynous mating systems. Our study leads us to hypothesise that any variation in
sex-biased mortality among Mysticeti is driven by males, as observed in birds (Liker
& Székely 2005). While the current knowledge of baleen whale mating systems is
limited, our results suggest that mortality rates should not be sex-biased, or biased
towards females in baleen whale species with promiscuous mating systems, such as
right and grey whales.
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Chapter 4: Long-term associations in female humpback whales (Megaptera
novaeangliae) in the Gulf of St. Lawrence, Canada
4.1 Abstract
Analyses of social organisation of baleen whales are rare, and it is assumed that their
structure resembles fission-fusion societies, characterised by short and unstable
associations. In this analysis, we investigated the association patterns of individual
humpback whales using photo-identification and skin biopsy data from a feeding
aggregation in the Gulf of St. Lawrence from 1997 to 2005. The association indices
varied considerably between and within five age and sex classes (juvenile/mature,
males/females and lactating females), with mature animals being in general more
social, besides lactating females staying separated. Permutation tests showed
preferred companionship only between mature males and females as well as among
mature females. Standardized lagged association rates revealed that many groups
disassociated quickly over about two weeks, but some mature males and females
formed stable associations over the core of a season but not beyond. Male-female
associations became again more frequent towards the fall, corresponding to an
increased gregariousness of males towards the breeding season. Mature females of
similar age or experience engaged in multi-seasonal stable associations, presumably
reforming each summer, but only if neither had a dependent calf. Thus, predation
pressure forcing females to seek associates to protect their offspring could not explain
the long-term companionship. Feeding cooperation seemed the most likely
explanation for this group forming behaviour, although data on underwater behaviour
is required to confirm this. There are presumably several underlying factors for the
observed association patterns, none of them being mutually exclusive and differing
between the sex and age classes.
4.2 Introduction
The structure of cetacean societies has received growing attention in recent years (see
Mann, Connor, Tyack and Whitehead 2000). Toothed whales display a wide variety
of complex social systems, such as life-long associations in killer whale pods (Bigg et
al. 1990), strong bonds in female sperm whales (Whitehead et al. 1991) and loose
networks in bottlenose dolphins (Connor et al. 1999). The social structure of baleen
whales is less obvious and its study challenging due to their distinct annual cycle.
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Social studies on baleen whales are therefore rare and often restricted to short-term
observation of seasonal behaviour such as mating (Tyack & Whitehead 1983, Swartz
1986) or feeding (Baker & Herman 1984a, Perry et al. 1990). In general, the social
organisation of baleen whales is characterized by small and unstable groupings
(Clapham 2000) typical for fission-fusion societies, which are defined as ‘Casual
groups of variable size and composition which form, break up and reform at frequent
intervals’ (Conradt & Roper 2005).
Humpback whales are among the best-studied baleen whale species, with long-term
studies over their entire home range, including multiple analyses of their social
structure and behaviour (e.g. Tyack & Whitehead 1983, Whitehead 1983, Baker &
Herman 1984a,b, Weinrich 1991, Weinrich & Kuhlberg 1991, Clapham et al. 1992,
Clapham 1993, Pack et al. 1998, Craig et al. 2002, Sardi et al. 2005, Weinrich et al.
2006). Humpback whales show a strong annual cycle with corresponding distinct
seasonal behaviour. In the summer months they forage on maternally directed high
and mid-latitude feeding grounds and they spend the winter months on distinct
tropical breeding grounds where mating and calving occurs (Chittleborough 1965,
Dawbin 1966, Baker & Herman 1984b, Katona & Beard 1990). Humpback whales
display a polygynous mating system (Baker & Herman 1984b, Cerchio et al. 2005), in
which males compete for sexually mature females (Tyack 1981, Tyack & Whitehead
1983, Baker & Herman 1984b). Associations are described as brief (Mobley &
Herman 1985, Mattila et al. 1994), the only stable groups being cow and calf pairs.
On the feeding grounds, the social organisation is also characterised by small unstable
groups (Clapham 2000), but has been inferred as not competitive and sometimes
cooperative, i.e. during feeding (Whitehead 1983, Baker & Herman 1984a, Weinrich
1991, Weinrich & Kuhlberg 1991, Clapham 1993). Whitehead (1983) linked group
size to the horizontal extent of prey schools and while some associations persist in
larger aggregations, he found no evidence of companionship exceeding one day.
Studies in the Gulf of Maine have also found most associations to be brief and
animals to have many different associates, stable associations being the exception
(Weinrich 1991, Weinrich & Kuhlberg 1991, Clapham 1993).
We analysed the association patterns of a feeding aggregation of humpback whales in
the Gulf of St. Lawrence. The emphasis was put on the temporal scale of the
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associations within but also between single feeding seasons (years). Recent
developments in tools to analyse social structure (Whitehead 2008) allowed us to test
whether humpback whales engage in stable associations over several years, in
contrast to previously reported prevailing short-term associations (Whitehead 1983,
Weinrich & Kuhlberg 1991, Clapham 1993).
4.3 Material and methods
4.3.1 Data collection
We collected photos of humpback whales during photo-identification surveys
between June and October 1997 to 2005 in the Jacques Cartier Passage in the Gulf of
St. Lawrence (Fig. 4-1). The average annual effort over that period was 87
observation days with 580 h of observation covering approximately 10,000 km of
track lines (Fig. 1). We photo-identified humpback whales using the ventral
pigmentation on the tail and the shape of the dorsal fin (Katona & Whitehead 1981).
Surveys were designed to maximise the photo-identification effort and we did not
follow groups or individuals after the identification pictures were taken. We used skin
sample biopsies to determine the sex of the identified individuals (Bérubé & Palsbøll
1996). All females seen with a calf were also sexed using biopsy techniques.

Figure 4-1. The research area – Jacques Cartier Passage. Spatial coverage (survey
lines 1997-2002)
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4.3.2 Definitions
4.3.2.1 Group
We defined a group as animals within two body lengths, coordinating their swimming
and diving behaviour for at least one surfacing, following previous studies (Baker &
Herman 1984a,b, Mattila & Clapham 1989, Weinrich & Kuhlberg 1991, Clapham
1993). The effort to obtain high quality photo-identification pictures varied
considerably, depending on size, composition and behaviour of the group. Therefore,
we did not use the time during which animals were observed together. We counted
each unique association/group once per day, regardless of how often or how long they
were observed. Applying a 1:0 association matrix, animals matching the above
definition of a group were assigned a value of 1 and 0, if they were not.
The use of spatial proximity to define associations, as in all other mentioned studies,
is likely to be an underestimation of social affiliations. Humpback whales, as most
mysticetis, can communicate over large distances (Payne & Webb 1971) and
associations may not be restricted to spatial proximity, at least not exclusively
(Clapham 2000).
4.3.2.2 Age-sex class
We distinguished between juveniles and mature whales (males/females). We did not
know the exact age of most individuals, so we defined an animal as being mature,
when it was known for at least five years and juvenile when it was known for less
than five years following previous studies (Weinrich & Kuhlberg 1991, Clapham
1993). The overall study on humpback whales started in 1980 and therefore most
animals were known previously to 1997. We regarded females as mature when they
were known for five years or longer, or if they were sighted with a calf. Applying
these definitions, eleven animals changed from juveniles to adults during the study
period and we adapted the change in the data set.
We further distinguished between lactating and non-lactating females. We defined a
lactating female as a large animal accompanied consistently by a smaller one
(approximately 1/3 of the larger animal) during the entire season. In one case a known
female was observed several times with a dependent calf until mid August and was
sighted alone in mid September. This appears to be too early for weaning compared to
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other studies (Baraff & Weinrich 1993) and we presumed that she had lost the calf.
We counted the female as lactating until her last August sighting with the calf and
non-lactating for the subsequent sightings without the calf.
The distinction between sex, age and reproductive status resulted in five age-sex
classes: juvenile males (JM) and females (JF), mature males (MM) and females (MF,
non lactating) and lactating females (LF).
4.3.2.3 Age cluster
We pooled animals to age clusters, to test whether there is any preference to associate
with animals of similar age range. We defined a cohort as all animals seen initially in
the same year. Although we could not presume that animals sighted for the first time
in the same year were of the same age, we assumed that they were at least of similar
age. For this determination we used the entire sighting histories of the observed
animals since 1982. Due to the highly variable sample size of the single cohorts, we
pooled five years resulting in five age clusters: 1982-1986, 1987-1991, 1992-1996,
1997-2001 and 2002-2005.
4.3.3 Analysis
4.3.3.1 Association index
We calculated the mean and maximum association indices between and within the
age-sex classes and tested for significant differences using a Mantel test. We used the
half-weight association index (Cairns & Schwager 1987), since we did not identify
every single associate of an individual during all encounters. This index is commonly
used in cetacean studies (e.g. Bejder et al. 1998, Gowans et al. 2001, Ottensmeyer &
Whitehead 2003).
4.3.3.2 Testing for preferred/avoided companionship
We used permutations to test for preferred/avoided companions among individuals.
The observed association indices were compared to random (permutated) data
following the procedure of Bejder et al. (1998). Two individuals and two associations
were randomly chosen from the association matrix, in which each association
contained only one of the individuals and each individual appeared in only one of the
associations. The four assignments were flipped, while keeping the total of
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associations and individuals constant. The association matrix permutated in this way
is not independent but if repeated sufficient times, the test statistics are equivalent to
independent random permutations (Manly 1995). We achieved this by increasing the
number of permutations until the p-value of the test statistics stabilized (Bejder et al.
1998). When animals associated or avoided each other between sampling periods
more often than expected by chance, the standard deviation (SD) of the association
index would increase. Thus, if the SD of the association index of the real data was
significantly larger than the SD of the permutated data, then the null hypothesis of no
preferred/avoided companionship between sampling periods was rejected (Whitehead
1999). We could only test for preferred companionship between one-day sampling
periods. It was not possible to test between longer periods, since association patterns
could be caused by similar migration. Thus, to investigate the temporal aspects of
such long-term companionships, we conducted a temporal analysis for the significant
age-sex class combinations from the permutation tests.
4.3.3.3 Temporal association patterns
We used lagged association rates (LAR) to estimate the probability that two
individuals seen together at any given time, were still together at a certain time lag (τ)
later (Whitehead 1995). The null association rate showed the expected LAR, given
random associations. We standardized both rates by dividing them by the number of
associations per occasion, since not all associates of an individual could be identified
in each sampling period. Jackknife techniques were used to estimate the precision of
the standardized lagged association rate (SLAR). We used the results of the
permutation tests (preferred/avoided companionship) to plot a SLAR of the permuted
(random) data. If the SLAR of the observed data showed a different pattern than the
SLAR of the random data, there was evidence that the observed features were correct
(Whitehead 2007). The temporal pattern within a feeding season was analyzed by
restricting τ to 150 days and over the entire study period leaving τ unlimited.
We applied several models describing various temporal association patterns to the
complete and parts of the data set using maximum likelihood techniques (Table 4-1).
Model selection was based on the Quasi Akaike Information Criterion (QAIC)
(Burnham & Anderson 2002).
Table 4-1: Description of models fitted to the SLAR of the different data sets.
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Model description

Abbreviation Model formula

Constant companions

cc

g (τ) = a1

Casual acquaintances

ca

g (τ) = a2* e (-a1*τ)

Casual acquaintances + constant companions

ca + cc

g (τ) = a2 + a3*e (-a1*τ)

Two levels of casual acquaintances

2 * ca

g (τ) =a3* e (a1*τ) + a4*e (-a2*τ)

We used the program SOCPROG 2.3 (http://whitelab.biology.dal.ca/index.html) to
calculate association indices, conduct the test for preferred/avoided companions and
plot the standardized lagged association rates.
4.4 Results
4.4.1 Group size and frequency
We identified 130 humpback whales in the study period, including 39 calves. We
disregarded the latter ones in their year of birth. Altogether 26 females were observed
with a total of 50 calves (both identified and unidentified). The mean calving interval
using consecutive calving intervals was 3.5 years. Twenty-six males and 50 females
were sexed, excluding animals seen only as calves.
Table 4-2. Frequency of observed group size. Number of cow/calf pairs shows the
number of groups in which at least one c/c pair was observed, the number in
parenthesis list the total number of c/c pairs involved.
Group size

No of groups

% of total

No c/c pairs

in %

1

646

44.71%

2

501

34.67%

142

28.34%

3

170

11.76%

72

42.35%

4

67

4.64%

29 (33)

43.28%

5

25

1.73%

14(17)

56.00%

6

7

0.48%

4(5)

57.14%

7

6

0.42%

5 (7)

83.33%

8

3

0.21%

3 (7)

100.00%

11

1

0.07%

1(4)

100.00%

Total:

1426

270 (286)
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The average group size observed was 1.87 (SD 1.03) and the median 2. We observed
singles most often, followed by pairs and trios, together accounting for over 90% of
the observed groups (Table 2-2). The larger the group size, the higher was the
proportion of cow and calf pairs. The mean group size was highest in September (Fig.
2-2), corresponding to the peak of relative abundance of humpback whales in the
area.

Figure 4-2. Mean association indices over the season within females (circles), within
males (triangles) and between males and females (squares). Mean group size (dash)
with SE over season (all data).
4.4.2 Association indices and preferred companionship
We detected a great variation in the association indices within (e.g. MF) and between
(e.g. MF-JM) the age-sex classes with the highest association values within MF and
between MM-MF (Table 4-3). Juveniles of both sexes associated less with any other
age-sex class. When comparing juveniles (n=36) and mature (n=67) animals,
including animals of unknown sex, mature animals had a higher association index
within their class than juvenile animals (0.0159 to 0.0017). Lactating females (LF)
associated less often with mature animals of either sex, compared to non-lactating
mature females (MF). The association indices between and within the sexes varied
over the season. While the association index remained constant among females, the
value for males-females and among males increased at the end of the season, although
82

Long-term associations
the SD of the estimates were very large (not shown in Fig. 4-2 for clarity), indicating
an increased level of gregariousness of males in fall (Fig. 4-2).
Table 4-3. Mean and maximum association indices (SD) for within and between the
age-sex classes. Sample size in parenthesis.
JF (17)

JM (9)

LF (26)

MF (38)

MM (20)

Mean association indices
JF

0.008 (0.014)

JM

0.006 (0.012)

LF

0.002 (0.005) 0.002 (0.005) 0.004 (0.007)

MF

0.002 (0.003) 0.004 (0.006) 0.006 (0.005) 0.019 (0.011)

0

MM 0.003 (0.005) 0.004 (0.007) 0.007 (0.007) 0.018 (0.012) 0.012 (0.009)
Maximum association indices
JF

0.106 (0.170) 0.050 (0.106) 0.032 (0.073) 0.049 (0.057) 0.050 (0.081)

JM

0.063 (0.114)

LF

0.025 (0.063) 0.014 (0.047) 0.055 (0.068) 0.079 (0.063) 0.068 (0.049)

MF

0.031 (0.046) 0.031 (0.053) 0.072 (0.061) 0.177 (0.114) 0.135 (0.116)

0

0.032 (0.066) 0.068 (0.088) 0.048 (0.048)

MM 0.048 (0.075) 0.029 (0.042) 0.065 (0.051) 0.171 (0.149) 0.067 (0.044)
Maximum association indices varied individually, indicating that some animals had a
favourite associate, some formed many different associations and others were more
solitary. The high values within MF and between MM-MF showed that the favourite
associate for mature males as well as for mature females was usually another mature
female (Table 4-3). The values between the other age-sex classes were lower and did
not differ considerably from each other. The sole exception was the higher association
index within JF, indicating that their favourite associate was found among other
juvenile females, and not among the mature females (MF or LF).
The tests for preferred companionship between sampling periods within/between
juveniles sex classes and between juvenile/mature sex classes could not be computed
due to a lack of data (associations). Pooling all juveniles (n=37) and mature (n=67)
animals, we found no evidence for companionship between juvenile and mature
humpback whales (SD observed data 0.022, random data 0.022, p=0.42). Lactating
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females did not form any preferred companionship with any other mature sex class.
The test within MM was also non-significant (SD observed data 0.026, SD random
data 0.027, p=0.63). The null-hypothesis of no preferred/avoided companionship was
only rejected between MM-MF (observed 0.044, random 0.040, p<0.01) and within
MF (0.044, 0.039, p<0.01). Thus, we analysed the temporal association patterns of
these two demographic combinations.
4.4.3 Temporal association patterns
4.4.3.1 Short-term associations
The SLAR within mature females (MF) was higher than the null association rate for
the entire season, indicating that females associated more often as expected by
chance. Female associations were characterized by a rapid disassociation during the
first 10 days and became stable after approximately 20 days (Fig. 4-3a). The model
‘casual acquaintances + constant companions’ fitted the SLAR best as indicated by
the lowest QAIC. Females exhibited short-term associations lasting days to three
weeks followed by constant companions over their entire residence time during a
season. The intercept of the SLAR (model) with the y-axis is the reciprocal to the
number of casual acquaintances. When we set τ to zero the intercept was 0.4346. The
reciprocal, thus the average size of exclusively female associations plus 1 (the
individual itself) was 3.3. The level at which the SLAR stabilized can be seen as the
proportion of animals staying with the individual, hence the number of constant
companions. This was at 0.142 of the SLAR representing 32% of the intercept.
Adding the individual itself we obtained the unit size of constant groups, which was
1.8, corresponding to a pair of humpback whales.
The short-term association pattern between MM-MF was different (Fig. 4-3b). The
SLAR declined sharply over the first ten days and then increased again until the end
of the observed time lags. No model described the SLAR adequately. Most
associations between males and females dissolved rapidly over the first 10 days, but
some remained constant over the entire time of the animals’ residency. In addition, reassociations occurred towards the end of the season, corresponding to the increased
gregariousness of males in fall (Fig. 4-2). Without a model it was difficult to
determine group size, but given the level of the SLAR, mature males were usually
found in larger groups with several mature females.
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Figure 4-3. SLAR with 95% jackknife estimates over one season: a.) Within mature
females with best fitting model: casual acquaintances + constant companions (ca +
cc) [a1=0.20312 (SE 0.13), a2=0.14271 (SE 0.03), a3=0.2919 (SE 0.14)]. b.) Between
mature males and mature females.
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4.4.3.2 Long-term associations

Figure 4-4. SLAR with 95% jackknife estimates over entire study period with random
data SLAR and null association rate: a.) Within mature females. b.) Between mature
males and mature females with best fitting model: casual acquaintances + constant
companions (ca + cc) [a1 0.011446 (SE 0.17), a2=0.04289 (SE 0.032), a3=0.19007
(SE 0.09)].

86

Long-term associations
The SLAR within MF (Fig. 4-4a) was higher than the null association rate for a lag of
approximately 1,800 days. The decrease after the first season at around 100 days
indicated disassociation between seasons, although we did not possess any data
between seasons, roughly 120-300 days. The SLAR then stayed relatively constant
(with some variation) until another sharp drop at around 1,000 days. Associations
became random at around 1,800 days. Thus, some females engaged in longer-lasting
associations exceeding a season. They have a favourite female associate and in the
extreme, these associations could last 6 years, but most disassociated after about 3
years. The model ‘two levels of casual acquaintances’ had most support, but the
standard errors of the parameters were enormous, thus, giving little credibility to this
model.
The SLAR between MM-MF (Fig. 4-4b) dropped sharply after the first season and
almost reached the null-association rate after approximately one year (~360 days) and
remained at that low level. The best-fitting model was ‘casual acquaintances +
constant companions’. The number of casual female acquaintances of a male is 4.3,
while the constant unit size was 1.7, but the standard errors of the estimated
parameters were disproportionably high. The constant level was very close to the null
association rate. In addition, the random data SLAR followed the distribution of the
real data SLAR over the entire time lag, but it became almost identical after 300 days.
Thus, the constant companion after the first season could be due to chance. The
associations between males and females lasted from days to weeks, but there was no
evidence of associations exceeding a season.
4.4.4 Non-random associations within females
We observed long-term bonds of mature females over several seasons and
investigated whether the associations were random among all females. The individual
association matrix of all mature females (not shown) showed dyads with higher than
average values along the diagonal axis. This indicated a preference towards females
known for a similarly long time since individual identification numbers were given in
a chronological order. The mean association indices varied significantly between and
within age clusters (Mantel test: t=6.44, p<0.001), with higher association indices
within age clusters (Table 4-4). The maximum association was usually within the
same age cluster, indicating that a female’s favourite associate was among the same
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cluster. The last age cluster (2002-2005) was disregarded, since only two females
were newly identified in that period.
Table 4-4. Mean and maximum association indices for mature females between and
within age clusters (sample size in parenthesis). Bold numbers indicate maximum
values.
Age cluster (n)

82-86 (7) 87-91 (11) 92-96 (8) 97-01 (10)

Mean association indices
82-86

0.069

87-91

0.026

0.035

92-96

0.016

0.015

0.018

97-01

0.012

0.018

0.008

0.048

Maximum association indices
82-86

0.257

0.098

0.068

0.053

87-91

0.130

0.140

0.073

0.091

92-96

0.058

0.064

0.067

0.049

97-01

0.048

0.078

0.046

0.153

Following the above results, we hypothesized that females formed long-term bonds
with animals within the same age cluster. We analyzed the SLARs between and
within age clusters (Fig. 4-5). We could not plot SLARs for all age cluster
combinations due to the subdivision of the data set, which resulted in small sample
sizes. The SLARs within the same age cluster were all consistently above their
corresponding null association rates for the entire time lag lasting in the extreme up to
1,800 days (Fig. 4-5a). The SLARs between different age clusters were all above the
null association rate for the first season and then dropped below it (Fig. 4-5b). Hence,
the long-term companions of mature females were other females from the same age
cluster.

88

Long-term associations

Figure 4-5. a.) SLAR within age clusters for mature females over the study period;
corresponding null association rates cover the same length (time lag). b.) SLAR
between age clusters for mature females.
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4.5 Discussion
4.5.1 Demographic structure in association patterns
The results presented in this study give further evidence that the social structure of
humpback whales is more complex than previously thought. While many associations
between identified individuals were short-lived, mature humpback whales engaged in
stable associations lasting from a few days to several weeks and, in extreme cases,
paired up with a favourite associate each summer over several years.
The observation of this demographic structure in the social organization of humpback
whales on a feeding ground confirms earlier studies (Weinrich 1991; Weinrich and
Kuhlberg 1991; Clapham 1993). Lactating females were less social than non-lactating
females and did not associate much with any other age-sex class as observed on the
breeding and other feeding grounds (Baker and Herman 1984b; Clapham and Mayo
1987; Sardi et al. 2005). Juveniles associated less in general, and male-male
associations were only very brief (less than a day), similarly to what is observed in the
Gulf of Maine (Weinrich 1991; Clapham 1993). Our study was the first analysis of
the temporal association patterns of humpback whales on a feeding ground. The
estimation of SLARs’ enabled us to show that males engaged more often in
associations with females at the end of the feeding season. Females of similar age reassociated over several summers and formed stable bonds, when they did not have a
calf, while mature males and mature females formed stable associations only within a
single feeding season. Female-male pairs were also the associations most often
observed in the Gulf of Maine (Weinrich and Kuhlberg 1991; Clapham 1993). While
Weinrich (1991) reported stable female pairs, with few re-associating over more than
one year, we could show that some females in the GSL had a favourite female partner
of similar age with which they associated for up to 6 years. The average duration of
such association was around 1,000 days, correlating to the observed calving interval
of 3.5 years.
4.5.2 Viability of assumptions
We do not know whether females stayed together between feeding seasons, but this
appears highly unlikely. The social organisation of humpback whales on their
breeding grounds is completely different (Tyack and Whitehead 1983; Baker and
Herman 1984b; Mattila et al. 1994), since female-female associations are extremely
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rare (Clapham 2000; but see Pomilla and Rosenbaum 2006), and the social structure
during migration resembles more that on the breeding grounds (Brown and Corkeron
1995). Thus, it appears that the long-term female associations lasted only for the
summer months. This would indicate a split in fall and a subsequent re-association in
the following feeding season, raising questions about when and where these females
pair up again but also about individual recognition. These questions are beyond the
scope of this analysis, and additional data are required to answer them in the future.
The favourite associate of a female was usually another female known for a similar
time. The assumption that they are of similar age is arguably debatable. Animals
could have a higher chance of being sighted together in their first year and the
probability that they were sighted together by chance is higher in this particular year.
This first year could bias the association indices. Since the majority of females was
sighted initially many years prior to the study period, we regard this bias as unlikely.
Moreover, alternative age clusters (pooling 4 or 6 cohorts) revealed similar results
(not presented here). Therefore, while we acknowledge that some females might be of
different age than the ones with which we pooled them, however we assume that the
average of these females are of similar age.
4.5.3 Fission-fusion society in humpback whales?
The results of this study confirmed several previous studies, showing a demographic
structure in the social organisation of humpback whales. However, we showed that
stable associations were more common among the whale’s total social affiliations
than previously thought. Although humpback whales engage in short-term
associations, split and re-form (Weinrich and Kuhlberg 1991; Clapham 1993),
resembling a very fluid and unstable social organisation, more animals than expected
tended to have a favourite partner (this study). Most published analyses were based on
photo-identification studies and the short-term observation of individuals and groups,
in contrast to other methods like focal sampling of individuals. This has made the
quantification of social affiliations in baleen whales difficult in the past since they are
not as obvious as in some Odontoceti. Modern analytical tools (Whitehead 2008)
enabled us to quantify association indices and temporal patterns. In the light of these
new results, it seems at least equivocal whether the social structure of humpback
whales resembles entirely fission-fusion societies as previously suggested (Clapham
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1993). A closer look at the potential benefits for group forming in humpback whales
is required to determine the underlying factors.
4.5.4 Potential benefits of group forming in humpback whales
Group forming in animals occurs only if the benefits outweigh the costs (Alexander
1974) and is often caused by predation, mating, cooperation, competition or kinship
(Alexander 1974; Wrangham 1980). Here, we discuss each of these factors as a
potential explanation for the association patterns in St. Lawrence humpback whales,
focusing on stable association within and between feeding seasons.
Predation pressure is one of the causes most often observed for group forming in
animals (Alexander 1974) and cetaceans as well (Norris and Dohl 1980). Killer
whales (Orcinus orca) are probably the only predator of importance to humpback
whales and Mysticeti in general (Jefferson et al. 1991). While a considerable
proportion of humpback whales (8-22%) bear killer whale teeth marks in the North
Atlantic (Mehta et al. 2007), observations of attacks are rare (Whitehead and Glass
1985; Dolphin 1987) despite several long-term studies on both feeding and breeding
grounds. It seems that most attacks happen to calves or juveniles on their migration
routes (Clapham 2000; Mehta et al. 2007), implying that juveniles and lactating
females face the highest risk of being attacked. However, these age-sex classes had
the lowest association indices, and thus we conclude that predation was an
improbable cause for the observed association pattern.
Although behaviour related to mating has been observed mostly on the breeding
grounds and during migration, Weinrich (1991) and Clapham et al. (1993) suggest
that males might try to extend bonds formed with females in the summer to the
breeding season. While additional evidence is needed to confirm that males are able
to extend associations formed on the feeding grounds during migration, the increasing
gregariousness of GSL males in fall seems to support this hypothesis.
Cooperative feeding of mature humpback whales of both sexes has been observed in
Alaska and the Gulf of Maine (Baker and Herman 1984a; Perry et al. 1990; Weinrich
and Kuhlberg 1991; Clapham 1993). Males might avoid each other on the feeding
grounds, since cooperative feeding would mean supporting a potential future
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competitor during the next breeding season (Weinrich and Kuhlberg 1991), although
the low association indices may also result from their preference to associate with
females (Clapham 1993). Inter-annually stable groups involved in cooperative feeding
strategies on herring (Clupea spp.) in Alaska (Jurasz and Jurasz 1979; Baker and
Herman 1984a; Perry et al. 1990) could be specific to fast-moving prey species
(Clapham 2000). Observations of surface feeding were rare in our study area. Fatty
acid analyses showed that humpback whales in the study area are feeding at a low
trophic level (Borobia et al. 1995), indicating a large proportion of euphausiids in
their diet (Sourisseau et al. 2006). Following Clapham’s theory (2000), krill as main
prey species should not require cooperative feeding in large groups and might explain
why pairs were the most stable social affiliation. We regard it as logical, that the
mature animals, both males and females, spent some time feeding together, given the
duration of their associations within one feeding season. Inter-regional variation in
prey composition, density and distribution might require different feeding strategies
and thus result in different levels of cooperation and association patterns between
feeding grounds.
Defending resources is regarded as another benefit of group forming (Wrangham
1980), and represents another form of cooperation. Most studies have dismissed this
factor in the case of the humpback whale (Clapham 1993; 2000), since in the marine
environment resources that cetaceans need are often too spatially and temporally
variable to be worth defending (Steele 1976).
We currently lack the genetic data to determine whether associating animals are kinrelated. As in the Gulf of Maine, we did not observe strong associations between
females and their mature offspring (Clapham 1993; Sardi et al. 2005), except one pair
between a mother and her then 11 year-old male offspring that lasted for 30 days.
Moreover, even if associates are kin, it remains unclear which benefit they derive
from such associations. Humpback whales in the Gulf of Maine, especially females,
associate more often with animals with the same mitochondrial DNA (mtDNA)
haplotype (Weinrich et al. 2006). Due to the absence of female-mature offspring
associations (Clapham 1993), Weinrich et al. (2006) concluded that the associations
are between related animals beyond first-order kin. They further hypothesized that
individual feeding strategies and prey preferences could be maternally transmitted and
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could correlate with the haplotypes. However, the authors acknowledge that the use of
mtDNA haplotypes as evidence of kin selection is limited and that more genetic
markers such as microsatellites are needed to test this hypothesis. Future studies
should investigate if the animals, especially the females forming the stable
associations in the GSL, are kin-related.
Although we could not correlate feeding with the observed association patterns, we
regard cooperative feeding as the most plausible reason given the results from other
studies and the duration of some associations in the feeding areas. If animals stayed
together for an entire season, they had to feed during this time period. Weinrich
(1991) noted that the majority of stable pairs in the Gulf of Maine is made up of
females and suggested that their higher energetic demand, especially when pregnant,
makes them more inclined to use feeding cooperation. However, as Clapham (2000)
stated, if feeding cooperation is really beneficial, then whales from other sex and age
classes would probably adopt it as well. More data about the underwater behaviour of
whale groups are required to address the cooperative feeding hypothesis.
4.5.5 Long-term associations of females
While most of our results confirmed earlier studies, the most notable exception was
the long-term relationship between mature females of similar age. These females
might have the same level of experience (having known each other for a long time) or
they may have developed the same feeding style or prey preferences as Weinrich et
al. (2006) suggested, whether linked to maternal relatedness or not. Female pairs
might also represent coalitions against male harassment (Clutton-Brock and Parker
1995) to avoid being disturbed while feeding. However, male-female pairs were
common in this and other studies (Weinrich and Kuhlberg 1991; Clapham 1993) and
it is questionable whether such behaviour on a feeding ground is necessary.
Nonetheless, while we provided evidence of female long-term bonds, it is still unclear
if they represent mere feeding bonds or if there are additional motives for these
associations. It also remains unclear how females ultimately benefit from a more
gregarious behaviour.
Whatever benefit females derived from associating, it was apparently outweighed
when one of them had a calf. Females involved in stable feeding groups in Alaska
94

Long-term associations
(Perry et al. 1990) do not participate in years with a dependent calf (Gabriele et al.
1995). Calves start to feed on solid prey in addition to being nursed during the
summer months (Clapham and Mayo 1987), before they get weaned in fall (Baraff
and Weinrich 1993). They are most likely feeding on prey that is easier to catch, and
the mother might prefer specific habitats with certain prey type and abundance to
meet her own but also her offspring’s energetic demands (Sardi et al. 2005).
4.6 Conclusions
We regard it as too simplistic to assume that the observed association patterns were
caused by a single factor. Instead, different underlying features influenced groupforming behaviour, presumably with different impacts on the various demographic
classes. As Weinrich et al. (2006) suggested, males might follow additional motives
on the feeding grounds besides feeding, trying to form bonds and extending them to
the following mating season (Weinrich 1991; Clapham 1993). Our finding of
increasing sociality of males towards the end of the summer, as the breeding season
gets closer, supports this hypothesis. The stable associations between males-females
and between females within a feeding season are most likely representing feeding
associations. However, it remains unclear why only females were forming multiseason associations. Further research is needed to determine the relatedness of
associated individuals. Focal sampling of individuals and groups (see Clapham 2000)
and the use of modern tags (data loggers) to investigate the underwater behaviour of
animals associated at the surface should allow testing the cooperative feeding
hypothesis.
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Chapter 5: General discussion and synthesis
The aim of this thesis was to determine demographic parameters of the Gulf of St.
Lawrence humpback whales, using 26 years of photo-identification data. The data
collection in the GSL represents the only other long-term study on this species in the
North Atlantic besides the ones on the Gulf of Maine feeding stock (see Robbins
2007). Data and results from the latter region have been applied to humpback whales
as a population (North Atlantic) and even as a species and one of the overall aims was
to investiagte whether vital parameters (e.g. reproduction, survival) are subject to
inter-population variance as in some other taxa (Frederiksen et al. 2005). In chapter
two, I analysed the population dynamics of the GSL stock and compared the results to
those of the Gulf of Maine (and other) populations/stocks. The differences were
considerable such as longer calving intervals, a higher age of females at apparent birth
of the first calf and an increasingly female-biased sex ratio. Chapter three presented
evidence of sex-specific survival in the GSL humpback whales and discussed
potential underlying evolutionary forces. The fourth chapter showed that association
patterns of humpback whales were not random and were so far underestimated by
other studies. The following synthesis recapitulates all these results under the
emphasis of long-term studies and their associated advantages and disadvantages. I
will also suggest future research projects to address questions I could not answer with
the existing data, or which developed in the course of the analyses. The discussion
ends with recommendations concerning future management and conservation
measures.
5.1 Stock identity of Eastern Canadian humpback whales
Most previous studies regarded the humpback whales in the GSL as a separated
feeding stock from the animals summering around Newfoundland and Labrador
(Katona & Beard 1990, Palsbøll et al. 1997, 2001), with the exception of Stevick et al.
(2006) who pooled the two areas to one Eastern Canadian feeding stock. The
humpback whales in the Strait of Belle Isle were regarded as part of the NF/LB stock
by Palsbøll et al. (1997, 2001) based on genetic samples of the YONAH project. In
contrast, Stevick et al. (2006) proposed that humpback whales developed smallerscale site fidelity within a feeding ground, such as the GSL. However, it remains
unclear where the geographic threshold is between site fidelity to feeding grounds and
site fidelity to a sub-regional preference (Stevick et al. 2006).
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The mixing between the GSL and the SBI in the data set was limited, giving more
support to the preposition of two separated stocks. However, I could not ultimately
answer the question, due to the very different sampling times. The sampling of the
Strait of Belle Isle in early summer is probably not adequate to address this subject.
Humpback whales from both the Gulf of St. Lawrence and Newfoundland/Labrador
waters are found there, exploiting a temporary resource before moving to their
respective final summer feeding ground. Additional data, especially more genetic
samples from Newfoundland/Labrador, are required to answer the question of stock
identity of humpback whales in Eastern Canadian waters. In the future, the distinction
between the different North Atlantic stocks might get less pronounced. If humpback
whale stocks approach carrying capacity, the pressure of emigration to other areas
might increase and potentially dilute genetic differences.
In summary, I regard the humpback whales in the GSL as a separate stock in the
North Atlantic for this thesis. The GSL animals have high site fidelity to the area,
encompass all demographic groups and spend large parts of the summer in the area, in
contrast to the SBI animals.
5.2 Maturation of the Gulf of St. Lawrence stock
The Gulf of St. Lawrence stock showed clear signs of maturation. The increasing
number of animals over time and the corresponding increase of calves and sexually
mature females reflected the re-occupation of a former habitat depleted by whaling.
The development started relatively late compared to the Gulf of Maine (see Robbins
2007) and it is very likely, that it is not completed.
From an idealised age distribution (Fig. 5-1), one would expect the average known
age to reach a stable level when first, the population is at carrying capacity and
secondly, the study period exceeds the life expectancy of humpback whales.
The slowly ascending average age of GSL humpback whales (Fig. 2-7) indicated
recruitment of ‘younger’ individuals to the growing stock, despite the low re-sighting
rate of calves. However, the average age was still increasing due to the predominance
of ‘older’ whales. Analysis of future data sets might make it possible to estimate a
real ‘known’ age distribution.
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Figure 5-1. Idealized age curve for constant population size with 95% survival
probability, 5 % recruitment (grey triangles), and 97% survival, 3% recruitment
(black squares).
The female-biased sex ratio found in this study is in contrast to other feeding grounds
in the North Atlantic (Clapham et al. 1995, Palsbøll et al. 1997), although such
skewed ratios were found in Antarctic feeding areas (Chittleborough 1965, Dawbin
1997). The sex ratio in the GSL was increasingly biased over time, despite an also
increasing trend of a male-biased sex ratio at birth. The sex ratio might differentiate
between areas on a feeding ground but is at parity in the overall population. For
example, in the Gulf of Maine, more females are sighted on Stellwagen Bank, while
in the Bay of Fundy the sex ratio is male-biased (Robbins 2007). I regard it as
unlikely, that the entire population range was not sampled, since all areas in the GSL
showed the surplus of females. There are some areas, such as south and east of
Anticosti Island (see Figs. 1-3 and 2-1), which were not sampled. However, neither
whaling records (Mitchell & Reeves 1983) nor modern aerial surveys detected large
numbers of cetaceans in these areas (Sears & Williamson 1982, Kingsley & Reeves
1998). For the future population development the high number of sexually mature
females seems advantageous, but it remains unknown why there is a lack of male
recruitment to the stock. The low number of re-sighted male calves could indicate
post-weaning dispersal, as reported for other mammals (Ralls et al. 1980). However,
Robbins (2007) did not find any evidence of post-weaning dispersal in humpback
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whales in the Gulf of Maine. On the contrary, juveniles show a pronounced site
fidelity to areas which they inhabited as calves. Juveniles are often found in different
habitats than adults (Weinrich et al. 1997), and sometimes in the periphery of the
main aggregation indicating the use of sub-optimal habitats. This indicates a
dominance of older whales occupying the prime feeding areas. However, so far there
is no evidence of feeding competition or dominance (or any other social hierarchy) in
humpback whales (Clapham 2000).
Future monitoring of the stock is needed to clarify whether the biased sex ratio in the
GSL will remain the same, becomes even more pronounced or return to parity as
expected by the results from other feeding grounds. It would be also interesting to
obtain further samples from other feeding areas, such as Greenland and
Newfoundland/Labrador, since the low number of cow and calf sightings indicate an
under-representation of a large demographic group of animals, the lactating females.
Hence, it remains unknown whether the proportion of females is increasing on other
feeding grounds as well.
5.3 Long-term studies of individuals in a changing environment
Long-term studies of individuals are the only way to monitor population parameters
and conduct population health assessments. The biased sex ratios and most other
parameters presented here were only available for estimation owing to a continuous
collection of data over a long period of time. Analysis based on short-term data
collection can be seriously biased. Although the well-designed aerial surveys of
Kingsley and Reeves (1998) had the broadest coverage of the Gulf of St. Lawrence to
date, they happened to be conducted in 1995 and 1996. These years were
characterized by a low abundance of humpback whales in the Jacques Cartier Passage
(Fig. 2-2, Table 2-1) as well as a very short residency time of the species (Fig. 2-4).
This was also true for fin whales (MICS, unpublished data). Hence, both years were
very exceptional and did not represent the usual whale abundance – at least for the
Jacques Cartier Passage.
Long-term data collection is advantageous but also faces considerable challenges, e.g.
due to changes in the environment. The role of whales in the ecosystem and their
interaction with it is poorly understood. While long-term studies offer the possibility
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to study such relations, consistent sampling itself may become difficult due to exact
these changes in the environment, e.g. if the spatial or temporal distribution of whales
change due to a shift in their prey species (Payne et al. 1990, Weinrich et al. 1997,
Stevick et al. 2006). Although, there were no data available about prey in the Jacques
Cartier Passage, the low number of encountered humpback whales in 1995 and 1996
(Table 2-1, Fig. 2-2), also reflected by the low probability of capture in these years
(Fig. 3-3), indicate a temporal shift away from their usual home ranges. Another
example is the trend of earlier arrival and departure (Fig. 2-4) indicating a change in
the ecosystem such as earlier arrival of prey. Although, one is tempted to correlate the
earlier arrival with global warming, there were no data to test that hypothesis. This
trend would have remained undetected, without the availability of this long-term data
set. On the other hand, this change shows the challenges of long-term studies, since
continuous data collection requires strict and consistent sampling protocols. This
might prove difficult if the spatial and temporal distribution of the target species is
changing over time.
In the time of this study, two major changes have occurred in the ecosystem of the
Gulf. First, the stock of Atlantic cod (Gadus morhua) collapsed in the Gulf of St.
Lawrence in the early 1990s (Myers et al. 1996) and has not shown any substantial
recovery since then (DFO 2007a). Secondly, in the same period of time, blue whales
disappeared in the Jacques Cartier Passage, after regularly observation since 1979
(MICS unpublished data) and they have not returned to the area to date. In addition,
the distribution of all large whale species (fin, blue and humpback whales) shifted
from the North Shore, west of the Mingan Islands to areas further offshore, especially
towards the Anticosti shelf (Fig. 5-2). The depletion of the cod stocks had immense
consequences for the food web and the entire ecosystem (Savenkoff et al. 2006), but
the effects that caused the shift in distribution of the large whales remain unclear.
The Jacques Cartier passage and the entire Quebec North Shore show the highest
diversity and abundance of cetacean species in the Gulf of St. Lawrence (Sears &
Williamson 1982, Kingsley & Reeves 1998). In addition to humpback whales, several
other species of baleen and toothed whales are abundant in that area during summer.
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Figure 5-2. Distribution of rorqual whales in the Jacques Cartier Passage. One
sighting per day for identified blue, fin and humpback whales for 1985-1988 (n=498,
solid dots) and 1996-1999 (n=572, blank circles).
Doniol-Valcroze (2008) analysed the niche partitioning between the four abundant
rorqual species (blue, fin, humpback and minke whales (Balaenoptera acutorostrata))
and found a strong overlap of spatial use and habitat preferences between fin and
humpback whales. Both species have been observed feeding on the same schools of
prey (Whitehead & Carlson 1988) giving further evidence of the potential for interspecific competition. Since fin whales were returning in increasing numbers over the
study period as well (MICS, unpublished data), the potential of inter-specific
competition was rising as well. Therefore, long-term studies cannot be restricted to
single species, at least in areas with a wide overlap with other species, and have to
take into account the interactions with co-occurring species (Clapham & Brownell
1996).
5.4 Sex-specific survival, sexual size dimorphism and sex-specific recruitment
In this thesis, I presented evidence of elevated male mortality in humpback whales of
the Gulf of St. Lawrence. It is to my knowledge the only study investigating sexspecific survival of humpback whales except for Robbins (2007) and of baleen whales
in general (but see Fujiwara & Caswell 2001, Ramp et al. 2006). The implications are
considerable in terms of modelling, underlying evolutionary forces as well as
management and conservation. Thus, I discuss here the findings presented in chapter
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three, with more detailed results and a review of literature that extends beyond the
submitted manuscript.
5.4.1 Survival of humpback whales - Strait of Belle Isle
I applied mark recapture models to the data collected at the southern end of the Strait
of Belle Isle (SBI) to estimate survival and investigate sex-biased survival. The data
set contained 500 animals (78 females, 52 males, 370 unsexed) and the same
modelling procedures were applied as in chapter three.
Table 5-1. Model selection for apparent survival of the SBI humpback whales. This
table represents only a selection of models leading to the most supported once.
Rank

Model

AICc

∆AICc

AICc Weights

No Par

Deviance

1

φ (a2*males/unsexed c/c - females (c)) p (t*sex/unsexed)

2023.51

0.00

0.36

32

766.35

2

φ (c) p (t*sex/unsexed)

2024.13

0.62

0.26

28

775.63

3

φ (a2 c*s/c*s) p (t* sex/unsexed)

2025.50

1.99

0.13

33

766.15

4

φ (a2 c/c ) p (t*sex/unsexed)

2026.03

2.52

0.10

29

775.37

5

φ (a2+males/unsexed c/c - females (c)) p (t* sex/unsexed)

2026.89

3.38

0.07

31

771.90

6

φ (a2 c+s/c+s) p (t*sex/unsexed)

2026.89

3.38

0.07

31

771.90

7

φ (s) p (t*sex/unsexed)

2031.47

7.96

0.01

33

772.12

8

φ (c) p (t+s)

2047.14

23.63

0.00

18

819.91

9

φ (a2 c/c) p (t+s)

2049.14

25.64

0.00

19

819.82

10

φ (a2

2061.21

37.70

0.00

51

761.56

11

φ (s) p (t)

2077.80

54.29

0.00

18

850.57

12

φ (c) p (t)

2079.18

55.67

0.00

16

856.14

13

φ (c) p (t+effort)

2079.18

55.67

0.00

16

856.14

14

φ (t*s) p (t*s)

2109.84

86.33

0.00

87

723.30

c*s/c*s)

p (t*s)

I found no clear evidence of any effect in survival: a model without age or sex effect
(Model 2, Table 5-1) received the same support as a model including age and sex
(Model 1). The only clear difference was between the probability of capture of sexed
and unsexed animals. In general, I observed considerable model uncertainty and thus
applied a model averaging process. The survival estimates for the three groups
(adults) were: females 0.972 (95% CI 0.922-0.990), males 0.971 (CI 0.914-0.991) and
unsexed individuals 0.956 (0.941-0.967). The model-averaged probability of capture
estimates are shown in Figure 5-3.
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Figure 5-3. Model-averaged probability of capture estimates for sexed (triangle) and
unsexed (squares) individuals with 95% CI in the SBI. Note the discontinuity in the xaxis for years without effort. Missing symbols indicate non-estimable parameters.
The survival estimates for sexed and unsexed humpback whales in the SBI were
similar to those of other studies (Barlow & Clapham 1997, Mizroch et al. 2004,
Robbins 2007). The estimates for sexed animals were higher than for unsexed ones,
due to a higher chance of biopsying more regular animals, which is also indicated by
the elevated recapture rate of sexed animals (Fig. 5-3). Despite the larger data set, the
estimates were imprecise compared to the GSL estimates. The larger CI’s, the low
recapture rate and the considerable model uncertainty suggest the need for
cautiousness in the interpretation of the results. Although I did not find any evidence
of sex-specific survival in the SBI in contrast to the GSL, the estimates for the latter
region were much more robust due to a continuous effort and a very high recapture
rate.
The animals from the SBI were mainly part of the Newfoundland/Labrador stock. As
pointed out before (chapter two), humpback whales from both regions are mixing
there to exploit the reproducing capelin limited in time and space. In addition, the lack
of lactating females over all years indicated a different migration pattern for that
group. Therefore, the results for the SBI cannot be considered as representative, since
two stocks might be mixed at this time and not all demographic classes were present.
As pointed out above, more dedicated surveys in the Strait of Belle Isle and adjacent
waters are required to determine stock identity, since without clear population
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boundaries the estimation of vital parameters is becoming difficult and results might
not be representative.
5.4.2 Development of survival over time
Long-term studies usually analyze the entire time span of the available data to obtain
a robust estimate. In long-lived animals, it is standard to assume that once animals
reach adulthood, they have a fairly constant survival (Caughley 1966, Ralls et al.
1980). In this thesis, as in most studies (Barlow & Clapham 1997, Mizroch et al.
2004), a constant survival rate was estimated for humpback whales. Time variation in
the probability of survival is most likely more common than usually thought (Robbins
2007), but the differences between single (year to year) estimates are probably small,
although they could be biologically meaningful. Therefore, a more parsimonious
model, such as one with a constant survival rate, has usually more support in the AIC
model selection (Burnham & Anderson 2002). The smaller the data set, the more
likely it is that a more parsimonious model is selected.
When probability of capture is low as well, sparse data sets may produce
unrealistically low estimates with a high level of uncertainty (large confidence
intervals). To investigate the interactions between sample size and study period with
the estimates, I analysed the development of the survival estimates over time for the
Jacques Cartier Passage. I chose this area because it has constant annual effort, which
was required to compare the year-to-year estimates. I analysed increasingly long time
spans: starting at five years (1988-1992), six years (1988-1993) and so on up to the
entire 18 years of data (1988-2005). This also means that the results were not
independent, since every estimate contained only one more year of data than the
previous one. Every data set was analysed independently: a goodness-of-fit (GOF)
test was used, the corresponding over-dispersion factor was applied and the best
models were selected according to their QAICc. All estimates were valid in such a
way that they would represent the final results, if the study had lasted only for the
analysed time span.

109

Chapter 5

Figure 5-4. Adult survival estimates of humpback whales in the Jacques Cartier
Passage over the study period (1988 –2005) with 95% CI. a.) all animals. b.) males
(black squares) and females (grey circles). Values of lower CI outside the scale of the
figure are given in corresponding colour. The analysis was restricted to the Jacques
Cartier Passage to compare survival estimates drawn from a stable annual effort.
The estimates of the first years were low and increased continuously until the time
span reached 11 years (1988-1998) of data (Fig. 5-4). Afterwards, the estimates
fluctuated around approximately 0.98 with a slight, but not statistically significant
downward trend. The estimates were also getting more precise over time as indicated
by their smaller confidence intervals. Any analysis prior to 1998 would have resulted
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in a low survival estimate. Although these estimates would have been valid from a
statistical point of view, they would have resulted in downward biased estimates with
potentially misleading conclusions for management and conservation.
Although the estimates became more precise, the modelling process was getting more
complex due to the increase in bias. The estimate of the over-dispersion factor _
increased over the study period as well. Starting with the smallest data set (19881992) the GOF test rejected the Cormack-Jolly-Seber (CJS) model as starting model,
due to the presence of transients. Thus, the assumption of homogeneous survival
among all individuals was violated from the start as indicated by the rejection of
TEST3.SR and by the direct test for transients under U-CARE. The rejection became
more pronounced over time (Fig. 5-5), indicating more variation in the survival of
individuals due to a higher proportion of transients. As outlined in detail in chapter
three, the number of calves increased in the mid-90s and since most of them were not
sighted again, they fall under the definition of transients. In fact, the definition of
transients, in the case of long-term studies on whales, is probably broader than the
original by Pradel et al. (1997). It does not only include the animals moving through
the area once (literally being in transit). Animals from other feeding areas are
sometimes forced to move to different feeding grounds, when their prey has moved or
has been over-exploited (Payne et al. 1986, Weinrich et al. 1997, Stevick et al. 2006).
An example of this is the depletion of herring and sand lance stocks in the Gulf of
Maine in the 1980s, which caused a shift of humpback whales from the Gulf of Maine
to eastern Canadian waters (Stevick et al. 2006). Therefore over time, the number of
animals falling under the definition of transients is increasing.
There is probably an additional problem connected with long-term studies. If animals
defined as transients are seen only once, they can be modelled easily and their
resulting bias is removed (Pradel et al. 1997). However, over long time spans, it
appears likely that an animal transits more than once (e.g. every 10-20 years) through
an area or that environmental changes or over-fishing can cause another large-scale
shift in whale distribution like in the 1980s (Stevick et al. 2006). Thus, some animals
could be sighted twice or more often, despite having another preferred feeding ground
and thus belonging to another stock. The distinction of these individuals from
residents will then get increasingly difficult. Furthermore, animals emigrating directly
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after the initial capture/marking event are usually not recaptured, and leave the
probability of capture estimates unaffected and thus, unbiased. If they are rarely
recaptured, as in the above example every 10 or 20 years, it will cause heterogeneity
in capture probability among individuals and will make the modelling process more
difficult.
5.4.3 Sex-specific survival – long-term effect
In chapter three, I presented clear evidence of sex-specific survival among humpback
whales in the Gulf of St. Lawrence by using 18 years of data. I investigated whether
the difference was detectable from the start of the study. As with the estimate for all
humpback whales, I had to use the data set from the main research area (Jacques
Cartier Passage) to compare the year-to-year estimates based on the same effort. The
analysis of the spatially reduced data set (compared to chapter three) supported sex as
an effect on survival based on the AIC model selection, although the effect size was
not significant and the CI’s of male and female survival were overlapping (Fig. 5-4).
Thus, it already became apparent that sampling across the entire stock was necessary
to get accurate results.
In the first eight to nine years of the study males showed a slightly higher survival,
after which both sexes yielded similar estimates (Fig. 5-4). The difference between
the sexes became more pronounced after more years of data were added, with females
yielding more precise estimates due to the larger sample size.
The problem caused by transients was different for both sexes: while the bias in males
increased over time, it stayed relatively constant for females (Fig. 5-5). The malebiased sex ratio of calves born into the population caused this development. However,
since transients were modelled in the first age class, this bias was not important for
the estimates of adult survival.
Long-term data sets include not only more years but also more individuals. While the
former is likely to result in more accurate age structures, a larger sample size elevates
the chances of detecting small but biologically meaningful differences, such as sexspecific survival (Tavecchia et al. 2001). In fact, accurate age structures might be
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necessary to detect such biological effects, since e.g. sex-specific survival might only
be apparent in certain age classes (Blanckenhorn 2005).

Figure 5-5. The development of the bias caused by transients over the study period,
represented by the TEST3.SR test statistic (χ2/d.f.) under program U-CARE. All
animals (triangle) on secondary x-axis and females (circle) and males (square) on
primary x-axis.
In summary, long-term data sets are required to obtain precise estimates from the
analysis of mark recapture data. In data sets with a small number of individuals it is
imperative that a study is conducted over a sufficiently long time frame to avoid false
conclusions. It also takes time to obtain a sufficiently large sample size to detect
small, but biologically meaningful effects such as sex-specific survival.
5.4.4 Sex-specific mortality
In chapter three I estimated sex-specific survival rates and found a significant
difference between adult male and female humpback whales in the Gulf of St.
Lawrence. The elevated male mortality is likely to be caused by higher cost of
reproduction of males due to prolonged residency time in the breeding grounds and
intense mate competition. In the only other study investigating sex-specific survival,
Robbins (2007) found elevated mortality in females and linked it to reproduction,
since breeding females suffered higher costs than non-breeding individuals. In
addition, females starting to recruit late had a higher chance of survival than females
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recruiting earlier (Robbins 2007). The apparent age at first birth for females was
higher in the GSL than in the Gulf of Maine, and their calving intervals were longer
(chapter two). These inter-regional differences in survival indicate a lower investment
in reproduction in the GSL, prompting the question why females in the GSL had a
lower reproductive output. Another characteristic of the GSL is the lower average
‘known’ age of females (chapter two). Males are on average older in the GSL, which
could correspond to an elevated mortality rate. Although this would indicate that
some of the males are close to their maximum life expectancy. Robbins (2007) did not
find evidence of increased mortality in older whales, despite a sampling period
spanning more than 30 years. Robbins (2007) concludes that even longer studies are
required to estimate at what point older whales start to exhibit elevated mortality.
As discussed in detail in the third chapter, the sex-specific survival rates for the first
age class was caused by the model structure and the attempt to estimate unbiased
adult survival rates. The higher proportion of male humpback whales born into the
population and their low return rate (see chapters two and three) is probably the cause
for the male-biased mortality. Male-biased mortality in juveniles is commonly found
among mammals (Ralls et al. 1980) and is attributed to the faster growth of males and
their higher tendency to emigrate (Ralls et al. 1980), resulting in higher energy
demands and making them more susceptible to nutritional stress (Clutton-Brock et al.
1985). The opposite is true for the humpback whale, where the larger female seems to
grow faster than males over their entire growth time (Nishiwaki 1959). Nonetheless,
if juvenile mortality is male-biased, it could lead to an earlier maturation of males
allowing them to reproduce earlier in life and would consequently lead to a femalebiased sexual size dimorphism (Roff 1992, Stearns 1992). However, the present data
do not allow inferring sex-biased juvenile mortality. Most studies have shown a
higher mortality of juveniles in humpback whales (Barlow & Clapham 1997, Gabriele
et al. 2001, Rosenbaum et al. 2002) but did not investigate the occurrence of sexspecific survival; only Robbins (2007) found elevated mortality in juvenile females in
the Gulf of Maine.
Sex-specific mortality is found in the juvenile and adult stages of mammals and birds
(Blanckenhorn 2005). In juveniles, elevated mortality is often found in the sex
developing a sexual trait, such as greater size resulting in faster growth (see above). In
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most mammalian species, differences in mortality are more likely to occur in the adult
stage, since only then sex–specific traits and behaviour are fully expressed
(Blanckenhorn 2005). Adult male humpback whales undergo annual migrations and
have a prolonged residency time in the breeding grounds, but not all juvenile males
migrate annually (Robbins 2007), resulting in different costs of migration between
adult and juvenile males.
The sex ratio at birth in humpback whales is almost parity (52% males), based on a
large sample of foetuses from the whaling era (Chittleborough 1965). Sex-biased
mortality should therefore lead to a biased sex ratio, as observed in the St. Lawrence.
I found no significant deviation from parity in the overall sex ratio, due to the malebiased sex ratio at birth, but I did find differences in the annual number of identified
animals (chapter two). However, the sex ratio is thought to be parity in the overall
North Atlantic population (Palsbøll et al. 1997, Smith et al. 1999) as well as on the
feeding grounds (Clapham et al. 1995). The problem with most reported sex ratios in
the literature is their potential bias. Segregation by age and sex class during migration
(Brown et al. 1995, Dawbin 1997) as well as on the breeding and feeding grounds
(Palsbøll et al. 1997, Robbins 2007) might bias the sample. As already mentioned, on
the breeding grounds an excess of males is found both in the overall (Palsbøll et al.
1997) and in the operational sex ratio (Spitz et al. 2002). It is still unclear whether
some females do not migrate annually (Brown et al. 1995) or if the reduced residence
time of females in the breeding grounds (Craig et al. 2003) causes the skew. Results
based on whaling data, despite the large sample sizes, have similar problems. The
excess of females caught on the Antarctic feeding grounds (Chittleborough 1965,
Brown et al. 1995) has been inferred from the male-biased catches on the breeding
grounds and during migration (Chittleborough 1965). However, the reverse argument
may be made: the excess of males caught on the breeding grounds could have been
caused by the female-biased catches on the feeding grounds.
Humpback whale populations have most likely reached neither their pre-exploitation
level (Stevick et al. 2003a) nor their carrying capacity in case the latter is different
from the former. Female-biased sex ratios, due to elevated male mortality, are found
in many mammalian populations maintaining carrying capacity (Clutton-Brock et al.
1985). Therefore, it might only be possible to determine whether the sex ratio in
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humpback whale population is skewed when the stocks have fully recovered. So far
the Gulf of St. Lawrence is the only feeding ground in the North Atlantic with a
skewed sex ratio.
Data on sex-specific survival in baleen whales are rare. In this study male-biased
mortality in humpback whales was correlated with the polygynous mating system as
in other mammals (Promislow 1992, Liker & Székely 2005). Following this approach,
one could expect female-biased or unbiased mortality rates in species with less
competitive mating systems, such as sperm competition in grey and right whales
(Brownell & Ralls 1986). Indeed, Reilly (1984) found elevated female mortality in
caught grey whales, but in his estimates natural and fishing mortality were
confounded and the latter was biased towards females. Recent mark-recapture studies
on grey whales did not investigate for sex-specific mortality (Wade & Perryman
2002, Bradford et al. 2006). The sex ratio at birth, as well as in the overall population,
is assumed to be even for the Eastern Pacific grey whale population (Wade &
Perryman 2002). This would indicate the lack of sex-specific mortality, but as for
humpback whales the estimates of sex ratio for grey whales might be biased due to
sex-segregated migration and distribution. Fujiwara and Caswell (2001) showed a
higher mortality of lactating females in northern right whales (Atlantic population),
which increased over the study period (1980-1995). Females had a considerably
higher life expectancy than males in the beginning of the study, but this situation was
reversed at the end of the analyzed period. The northern right whale is critically
endangered and mortality is related to human activities (Kraus et al. 2005), and
therefore this development is difficult to interpret. However, using the initial
estimates of life expectancy, females should have a higher survival. Thus, even in a
whale species with a promiscuous mating system, males are more likely to die earlier
than females. This would correspond to the observation of Liker and Székely (2005),
who found a correlation between the size of the testis relative to body mass and
mortality in birds. Thus, males with sperm competition as their prime mating strategy
suffer higher costs of reproduction as well. In this case, one could hypothesize that
male-biased mortality occurs in all baleen whale species.
In summary, while we found elevated mortality in male humpback whales, evidence
of sex-specific survival in baleen whales, such as a skewed sex ratio, is rare. More
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studies are needed to investigate this subject across different populations and species.
As shown above, many years of data collection might be required to find such
differences, especially in small and endangered populations. Sex-specific survival
estimates for species with different mating strategies are also required to test the
hypothesis that sexual size dimorphism and mortality are decoupled in Mysticeti
species.
5.4.5 Sexual size dimorphism
In chapter three I presented clear evidence that male humpback whales have an
elevated mortality, most likely suffering higher viability costs of reproduction. In
humpback whales, a reversed sexual size dimorphism (rSSD) is observed, with
females being the larger sex (Lockyer 1984), despite the intense mate competition of
males during the breeding season (Tyack & Whitehead 1983, Baker & Herman
1984a,b). Since Mysticeti is a unique suborder, with all species showing the rSSD
despite the different mating strategies, I will discuss the potential underlying forces
forming rSSD in humpback whales and Mysticeti species in general in the following
section.
The humpback whale is a fairly typical polygynous mammal, with females rearing the
offspring, while males compete for mates. In such mammalian species a male-biased
sexual size dimorphism (SSD) is often observed (Promislow 1992). The sexual
selection hypothesis (Trivers 1972) has been widely accepted as the evolutionary
origin of SSD (Isaac 2005). Mate competition among males favours larger body size
(Clutton-Brock et al. 1982), while the mating success of females does not depend on
body size and resources might be allocated more towards reproduction than to body
growth (Trivers 1972, Clutton-Brock et al. 1982). However, research in recent years
has shown that sexual selection might not be the exclusive force behind SSD and that
several other factors could influence SSD in mammals, none of them being mutually
exclusive (Blanckenhorn 2005, Isaac 2005).
Male humpback whales compete intensively for mates (Tyack & Whitehead 1983,
Baker & Herman 1984b) and the most active males in a competitive group, the
primary and secondary escorts, are usually the largest (Spitz et al. 2002). Thus, there
is a positive selection towards larger males in humpback whales as predicted by
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sexual selection theory. Female-biased or reversed sexual size dimorphism (rSSD), as
in all Mysticeti species, is thought to occur in species, in which male competition for
mates is reduced or non-existent (e.g. monogamous species) or in taxa, where females
compete for males (Promislow 1992, Blanckenhorn 2005, Isaac 2005, Liker &
Székely 2005). This is not the case for humpback whales, which raises the question of
which evolutionary forces have formed the observed rSSD.
It has been suggested that rSSD might not result from sexual selection among
females, but rather from the selection for smaller males (Ralls 1976). Whereas a large
body size appears advantageous for males in a polygynous species with matecompetition, a smaller body size requires less time spent for foraging and feeding and
increases their time for mate-searching and mating (Wiklund & Fagerström 1977,
Blanckenhorn et al. 1995). The longer residency time of males in the breeding
grounds (Mattila et al. 2001, Craig et al. 2003) to increase potential mating
opportunities could result in a shorter feeding season. However, the link between
extended residency time of males in the breeding grounds and smaller size contradicts
the inverse correlation between short feeding seasons and body size in baleen whales
suggested by Brodie (1975). Short feeding seasons causing longer fasting periods for
southern hemisphere Mysticeti are thought to be a reason for their larger size
compared to their northern hemisphere conspecifics (Brodie 1975). This selection
force applies to both sexes, as the rSSD in both hemispheres is the same (Lockyer
1984).
Latitude and the corresponding seasonality might also influence SSD, as the SSD is
more pronounced in higher latitudes (Isaac 2005). Humpback whales congregate on
common breeding grounds, but disperse into different feeding aggregations during the
summer, for which the migration distance is considerably different (Stevick et al.
2003b). Thus far, there are no data backing up the hypothesis that humpback whales
from stocks with larger migratory distances have a more pronounced SSD.
Ralls (1976) and Isaac (2005) attributed the rSSD to increased fecundity; it might be
driven by a positive correlation between litter size or offspring survival rate and
female body size. Females store more energy in terms of lipids to be able to nurse the
offspring while fasting and thus a large body size allows them to store more energy
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(Norris 1967). Research off Hawaii has shown that larger mothers give birth to larger
calves (Pack et al. 2007). Larger offspring is considered of higher quality with a
greater chance of survival (Hall et al. 2001). Pack et al. (2007) also showed that larger
females attracted more males in the competitive groups. If larger females give birth to
larger and higher-quality offspring, then males could improve their reproductive
success by mating with such large females (Pack et al. 2007), which implies the
occurrence of male mate choice (Craig et al. 2002, Pack et al. 2007). Thus, in the case
of humpback whales several forces seem to push both sexes towards larger body
sizes. Occasional antagonistic behaviour displayed by courted female humpback
whales towards males was interpreted by Clapham et al. (1992) as evidence of female
mate choice. Sexual selection, favouring larger males, might be self-reinforcing and
could lead to sexual conflict in the long-term, in which larger males manipulate the
reproductive decisions of smaller females (Andersen 1994). Therefore, a selective
force might underlie the need for female humpback whales to be larger than males
and exercise female choice (Clapham et al. 1992). In addition, females with calves are
probably the most vulnerable to killer whale attacks on their way to the feeding
grounds (Clapham 2000, Mehta et al. 2007). Larger size could therefore help them
defend their calves and themselves against such attacks.
The reversed sexual size dimorphism in humpback whales (1.07 female/male length
(Ralls 1976)) is not as pronounced as the SSD in some pinnipeds (from 1.2 to 7.8 in
male/female mass (Alexander et al. 1979)), but is comparable to the SSD in humans
(Altman & Dittmer 1972). The rSSD among Mysticeti species does not vary much
(Ralls 1976, Connor et al. 2000), despite different mating strategies. Large testes in
right and grey whales suggest sperm competition as main mating strategy (Brownell
& Ralls 1986), although Kraus et al. (2001) showed that male right whales have
developed additional tactics to mate successfully. The small testes of rorqual whales
suggest mate competition as primary mating strategy. Thus far, only humpback
whales have been described as polygynous (Baker & Herman 1984b, Cerchio et al.
2005), although males of fin and blue whales have been observed in chases
resembling the behaviour of humpback whales (Richard Sears pers. comm. 2007,
pers. obs.). Comparing different Mysticeti species, one could argue that all other
factors being equal, the polygynous mating system of humpback whales should lead
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to the least pronounced rSSD. However, the rSSD in humpback whales does not differ
much from other baleen whales (Ralls 1976).
In summary, the rSSD in humpback whales seems to be formed more by forces
applying to the females, rather than by the male mating strategy. The similarity of
rSSD in all baleen whales suggests that this might even be true for all Mysticeti
species. Producing larger offspring, storing larger energy reserves, exercising mate
choice and defending offspring are all common factors for female baleen whales,
although evidence of these factors in all species are very rare and require further
research.
5.4.6 Viability costs of sexual size dimorphism
The correlation between sex-specific mortality and SSD has been discussed in detail
in comparative studies on many taxa producing contrary results (Promislow 1992,
Blanckenhorn 2005, Isaac 2005, Liker & Székely 2005). I did not find any evidence
that the larger sex in humpback whales, the female, suffers higher costs in terms of
viability and this finding is in agreement with most recent studies (Blanckenhorn
2005, Liker & Székely 2005).
The current situation of depleted but recovering whale stocks might also influence the
viability costs of SSD. Toïgo and Gaillard (2003) hypothesized that larger body size
might be beneficial in times of good environmental conditions, while in times of
environmental stress it is more costly. One could hypothesize that due to the reduced
number of large whales, the overall environmental conditions were favourable over
the past decades and the larger sex did not experience any environmentally induced
stress. Thus, the associated costs of larger size for the females might only come to
light, when the populations are coming closer to their carrying capacity.
Humpback whales, or baleen whales in general, are certainly not the ideal model
species to investigate the evolution of sex-specific mortality or sexual size
dimorphism (see Blanckenhorn 2005 for definition of a model species), since our
knowledge (especially on their energetics) is extremely small. However, it is the only
entire suborder with rSSD in the class Mammalia, despite considerable differences in
the natural history of each species. This is therefore an interesting subject to study and
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future research on survival should include the size of individuals as an individual
covariate. Then it would be possible to test whether size has a positive effect on
survival of the sexes, thus, being evidence of intra-sexual size selection.
5.4.7 Beyond survival - estimates of population trend
The assessment of a population trend requires the estimation of the population size
over two or more years. Unfortunately, the estimation of abundance in open
population models is difficult at best. The statistical assumptions of the models (see
Seber 1982) are rarely, if at all, met in real-life studies (Hammond 1986). Pradel
(1996) showed that the estimation of fecundity and population growth is possible
without abundance estimation (see Introduction 1.3.3). Unfortunately, there is no
GOF test procedure for the so-called Pradel models and their results have to be
carefully interpreted. In addition, age cannot be modelled, the research area (effort)
must be constant and the estimates are sensitive to severe trap dependency. I applied
Pradel models to subsets of the data from both research areas (chapter 3.2 and 5.4.1).
In the Strait of Belle Isle I analysed females only, since I found no age structure or
trap-dependency in the CJS models for that sex (see 5.4.1). The survival estimate was
0.969 (95% CI 0.919, 0.988), which is almost identical to the CJS estimates, and the
population growth was 1.006 (CI 0.974, 1.039). Thus, the number of females is fairly
constant, but with rather large CI’s. Since lactating females are underrepresented in
the sample (see chapter 2 and Synthesis 5.2) the estimate is very likely an
underestimation and, as with the estimation of survival, it is not clear which stock the
animals in SBI are representing.
For the GSL, a trend was estimated only for the Jacques Cartier Passage for the years
1988-2005, since the study area has to remain constant (see 1.3.3). Focusing only on
sexed individuals I had to take into account transients and therefore I had to model an
age structure. Since age cannot be modelled directly, I truncated the data set by
suppressing the first two recaptures of every individual, which removed the age
(transient) effect (Pradel et al. 1997). Therefore, the population growth rate represents
the realised growth rate of the adult age class, corresponding to the age-class for
which I presented the survival estimates in chapter three. The survival estimate for
males was 0.973 (95% CI 0.942, 0.988) and the population growth rate was 1.026
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(95% CI 0.987, 1.066). The survival estimate from the Pradel model was close to the
CJS estimate and the male part of the population seemed to increase slightly, although
the lower CI was below 1, indicating a possibility that the level of males is stagnating
or even diminishing. The growth rate estimate for females was 1.051 (95% CI 1.017,
1.083), which is well above the estimate for males and indicated that the number of
females is increasing, despite the fact that the survival estimates (0.980, 95% CI
0.955, 0.991) were below the CJS level.
As pointed out above, these estimates have to be used very cautiously, although they
fit the overall picture given by the data. While more males were born into the
population (chapter two), few of them were re-sighted. The proportion of females
born and staying in the population was small; the main female recruitment to the
stock was made of animals of unknown origin. Especially since the early 1990s,
young females appeared in the GSL and became resident with a very high annual
return rate. They could have been calves that were missed in their first year by the
research effort or they could have immigrated from other feeding areas, although natal
dispersal is not common in humpback whales (Robbins 2007) and is usually found
more in males (Ralls et al. 1980). The increasingly female-biased sex ratio and the
lower average age (TSM) of females (chapter two) showed the higher female
recruitment to the stock. Thus, there is some solid evidence that the stock of St.
Lawrence humpback whales was increasing over the study period, with a higher
increase rate for females.
5.5 Social organisation in humpback whales
Female humpback whales are more social than males on the feeding grounds
(Weinrich 1991, Weinrich & Kuhlberg 1991, Clapham 1993) and I presented
unequivocal evidence that females formed long-term bonds on the feeding grounds
for several years (chapter four). Since it appears unlikely that females spent the entire
year together due to different behaviour during migration (Brown & Corkeron 1995)
and on the breeding grounds (Tyack & Whitehead 1983, Baker & Herman 1984b,
Clapham et al. 1992), they probably re-associated each summer. This is in contrast to
most previous studies characterising the nature of humpback whale groups as short
and unstable (Whitehead 1983, Weinrich & Kuhlberg 1991, Clapham 1993).
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However, I have not been able to determine the underlying factors for these long-term
associations.
Group forming occurs in animals usually only if the benefits exceed the costs
(Alexander 1974). Thus the question is: what benefit do female humpback whales
gain in such associations? Common group-forming shaping factors such as predation,
kinship and competition were unlikely (see 4.5.2) so that cooperative feeding seemed
to be the sole logical explanation. Given the time the female dyads were observed
together in the GSL, a feeding ground where they accumulate their fat reserves to
sustain the winter fasting time, it appears logical that they must have spent some time
feeding together.
The long-term bonds of females of similar age could reflect preferred feeding
strategies (Weinrich et al. 2006), which increase their feeding efficiency. The
question arises whether the improved efficiency is ultimately leading to an increase in
fitness – such as the higher survival of females (chapter three). On the other hand,
females might be forced to increase their feeding efficiency, due to their higher
energetic demands during lactation, which might counterbalance any beneficial effect
of cooperative feeding. However, as Clapham (2000) pointed out, if cooperative
feeding is really beneficial and the underlying reason for associations, why do not all
whales engage in such stable bonds?
Humpback whales have a distinct annual cycle, reflecting on their group-forming
behaviour. While male competition dominates the behaviour on the breeding grounds
(Tyack & Whitehead 1983, Baker & Herman 1984a,b), the social structure on the
feeding grounds is characterised more by cooperative behaviour (Clapham 1993).
During spring migration from the breeding grounds, when newborn calves are
following their mothers, the average group size is larger than during the autumn
migration (Brown & Corkeron 1995). This has been inferred to serve as increased
protection of the calves against predation, which appears to occur more frequently on
the migration route (Mehta et al. 2007). The migration to the breeding grounds is
probably more influenced by the upcoming mating season, when males try to extend
or establish bonds with females and starting to develop competitive behaviour
towards other males (Clapham 1993).
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Besides the temporal difference in behaviour reflecting their strong annual cycle,
there are additional spatial differences between populations. Steiger et al. (2008)
report considerable variation in killer whale rake (teeth) marks on humpback whales
among different feeding and breeding grounds in the North Pacific. This suggests
different strategies in dealing with the risk of predation, although it is questionable
whether group-forming behaviour differs at such a fine scale, e.g. within an ocean
basin. Regional differences are likely to occur in prey species and abundance as well,
requiring different feeding strategies. Clapham (2000) hypothesized that cooperative
hunting strategies might be beneficial with fast moving prey species like herring, as
observed in Southeast Alaska (Baker & Herman 1984a, Perry et al. 1990). In contrast,
Tershy (1992) suggested in a comparative study of fin and Bryde’s whales
(Balaenoptera edeni) that smaller species such as the Bryde’s whale, feeding on
higher quality but smaller prey patches such as fish, are more solitary due to the
increased competition. Competition would therefore be reduced among larger whales,
such as the fin whale, feeding on large swarms of euphausiids (Tershy 1992).
However, the blue whale, feeding exclusively on euphausiids, is a mainly solitary
species (Sears et al. 1999). Further research, especially of underwater behaviour, is
needed to determine whether the observed association patterns in the Gulf of St.
Lawrence represent feeding co-operation. Fine-scale analysis of individual niche
preferences of humpback whales in the Jacques Cartier Passage has shown that there
is considerable individual variation in habitat selection (Doniol-Valcroze 2008). It
remains unclear whether the stable female pairs (chapter four) reflect similar or even
identical habitat preferences of the associated individuals, or in reverse, whether
preferred companionship results in similar habitat selection.
Female and male humpback whales have been observed feeding together (Baker &
Herman 1984a, Weinrich & Kuhlberg 1991), although it is unclear whether all
feeding events represent co-operation rather than just a high quantity in food
availability (Whitehead 1983). Feeding co-operation occurs within and between
genders, therefore within-season associations could reflect that. While the association
index of females remained constant over the season, it increased for males over the
season, probably reflecting the approaching mating season. While it is not yet
possible to analyse and measure the level of sexual hormones over the season, the
increasing size of testes towards the breeding season suggests a corresponding
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increase in male hormones (Chittleborough 1955). Males did not show any preference
for females in certain age clusters in the Gulf of St. Lawrence. If males are mainly
motivated by reproduction, then they might not differentiate between females of
different age, although it is speculative to conclude this from observations from a
feeding ground.
In summary, there are likely more factors influencing the group-forming behaviour of
humpback whales on the feeding grounds than previously thought and these factors
might be changing over the course of the feeding season. However, more detailed data
on the behaviour are needed to investigate the underlying forces.
5.5.1 Evolutionary origin of association and behaviour patterns
I discussed the observed association patterns in the context of today’s environmental
conditions. However, it is not known how or when social characteristics such as
association patterns evolved. Active learning is difficult to document (Clapham 2000)
and is rarely observed (Weinrich et al. 1992). Assuming that social traits and
associations have evolved over long time spans (e.g. evolved prior to whaling), it may
be necessary to put the association patterns we observe nowadays in the context of
former environmental conditions, e.g. with most stocks being at carrying capacity.
Thus, group forming might have been caused by factors impossible to detect today.
Competition, although ruled out as a reason for group forming (chapter 4.5.2), might
have been much more intense for stocks (not just humpback whales) that were close
to carrying capacity. Fin and humpback whales are sympatric and sometimes feed on
the same schools of prey (Whitehead & Carlson 1988). In the St. Lawrence both
species show a large spatial overlap in their use of habitat, indicating potential
competition for resources (Doniol-Valcroze 2008). Therefore, social traits and
characteristics such as the observed association patterns might reflect ancient
environmental conditions, which are no longer visible today.
A contrary argument can be put forward, suggesting that new behavioural
characteristics evolved from the recent depletion of stocks. There is no evidence that
social or cultural traits are transmitted over generations in humpback whales, except
for the preferences for a specific feeding ground, which is maternally directed
(Katona & Beard 1990). However, given the likelihood that whalers went after larger
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groups rather than single individuals and after larger (probably older and more
experienced) individuals rather than small younger whales, one could argue that more
social animals were at higher risk of being caught. Thus, cooperative feeding
strategies or other social characteristics could have been lost during the industrial
exploitation of the species. This could mean that social characteristics such as the
observed association patterns may have evolved only recently and might be very
distinct from the behaviour prior to whaling due to different environmental
conditions. If new social characteristics are just evolving, they might be difficult to
detect.
5.5.2 Summary and outlook for future research
The association patterns of humpback whales in the summer feeding range of the St.
Lawrence are not random. Although many short-term associations were observed as
previously reported in other areas (Weinrich 1991, Weinrich & Kuhlberg 1991,
Clapham 1993), mature whales engaged in longer mixed and same-sex associations
within the season, and female-female associations lasted even between seasons. Males
showed an increased gregariousness towards the end of the season, indicating an
increasing interest in females as the upcoming breeding season approaches. Future
research should investigate whether males are able to extend the bond formed with
females on the feeding grounds toward the mating season, although the non-coastal
migration of humpback whales in the North Atlantic will make such research
challenging. Females associate regularly with other females within a season, and reassociate with a preferred female of similar age over several seasons, as long as none
of them had a dependent calf. While co-operative feeding strategies, due to similar
habitat or prey preferences (Weinrich et al. 2006, Doniol-Valcroze 2008), seem to be
the most obvious explanation, further research is required, especially the investigation
whether these females are kin or not (Weinrich et al. 2006). Besides obtaining
underwater behavioural data, focal sampling of individuals is required to compare
their behaviour with these from pairs and larger groups (Clapham 2000).
5.6 Implications for management and conservation – needs for future research
The humpback whales in Eastern Canada are listed as ‘not threatened’ under the
Species At Risk Act (COSEWIC 2003). The delisting from the former status ‘special
concern’ was largely based on the increase of the overall North Atlantic population
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(Smith et al. 1999, Stevick et al. 2003a) rather than specific estimates for the Eastern
Canadian stock(s). Management and conservation measures are based on stock
identity, which in the case of Eastern Canadian humpback whales is still being
disputed. The data presented here suggest that two stocks of humpback whales occur
in Eastern Canadian waters, confirming earlier findings based on genetic data
(Palsbøll et al. 1997). However, as discussed above, this segregation is not yet clear
and requires further data, especially at the genetic level. Unfortunately, the sampling
along Labrador and Newfoundland has been sparse since the end of the YONAH
project (1993), except the data collection in the Strait of Belle Isle (SBI) presented
here, making future assessments and comparisons difficult. Given the results
presented in this study and the fact that very different data are available for SBI and
GSL, I consider them separately in my conclusions.
The animals identified in the SBI during the short sampling periods had different
feeding ranges. The majority of animals appeared to leave the Gulf of St. Lawrence
(GSL) through the SBI to the north, probably following spawning capelins, as on the
east side of Newfoundland (Whitehead et al. 1980). A small fraction of these
individuals moved further inside the Gulf and was found later in the summer in the
Jacques Cartier Passage. During the spawning of capelin the humpback whales in the
SBI seemed to exploit large prey abundances for a short time, before heading to their
final summer feeding ranges. The sample of the Belle Isle animals was most likely not
representative of the NF/LB stock, due to the mixing of stocks and the apparent lack
of lactating females and calves. Thus, while the survival estimates fell within the
range of other studies and did not seem to be of concern, data were insufficient to
assess the status of humpback whales in these waters. Of particular interest for future
work was the lack of cow and calf pairs in the area. While demographic segregation
in time and space could explain this in the SBI sample, the under-representation of
lactating females was observed in all NF/LB waters during the YONAH project (Peter
Stevick, pers. comm. 2008).
The animals summering in the Gulf of St. Lawrence are presumably the smallest
stock of humpback whales in the North Atlantic. Their re-occupation of a former
habitat started later than in the Gulf of Maine and along Labrador/Newfoundland.
Over time, more and more calves have been sighted, and the proportion of mature
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females has been increasing. If the GSL is a separate stock, then the overall low
number of annually sighted whales is a reason for concern. However, this analysis has
shown that humpback whales in the GSL have a very high survival rate and that there
was continuous recruitment into the stock. While the reported population growth rates
have to be used cautiously, there is supporting evidence that the stock in the GSL is
increasing, especially the number of sexually mature females, which constitutes the
most important demographic group. The low number of re-sightings of calves,
especially males, is worrisome, but does not seem to hinder the slow recovery.
Nevertheless, the whereabouts of calves should be investigated, since natal dispersal
is not common in humpback whales (Robbins 2007). Thus, I recommend further
monitoring of the stock, with additional effort in other geographic locations (e.g.
along the Gaspe peninsula) throughout the entire feeding season (June-November). In
addition, satellite tracking of calves could bring light to the whereabouts of this age
group after weaning. Continuous effort combined with new molecular techniques for
ageing animals, could provide a real age structure of the population and would make
health assessment much more precise.
The humpback whales in the Gulf of St. Lawrence face multiple threats. Ship strikes
in particular are thought to be of major concern (Wiley et al. 1995, Barlow et al.
1998) for this slow-moving species, and the St. Lawrence Gulf and River belong to
the most frequented waterways worldwide. The potential opening of the Northwest
Passage in the mid-term future due to global warming would increase traffic along the
Quebec North Shore and Labrador tremendously. Mortality due to fishing activities is
of concern in some areas such as Newfoundland and the Gulf of Maine (Volgenau et
al. 1995) but the fishing in the St. Lawrence appears to have a low impact, especially
after the collapse of cod and the related low fishing activities. However, the actual
impact of entanglements or ship strikes is not known, since there is no effort to collect
such data. Only few carcasses are discovered due to hundreds of kilometres of
uninhabited coastline, and those found are buried quickly and no attempt is made to
detect the cause of death.
In addition, there are further more subtle threats, like noise pollution. Human
generated sound may represent the most severe indirect risk baleen whales are facing,
since the effects on the navigation and communication abilities of the whales, and on
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the distribution and abundance of their prey, are not well understood (Southall et al.
2007). The proposed exploitation of gas and oil resources in the GSL is another major
risk (BAPE 2004). In addition to the low frequency noise of airguns used by seismic
surveys, the exploitation would increase ship traffic even further, and add the
potential risk of an oil spill in a semi-enclosed sea like the GSL.
Disturbances by whale-watching activities currently do not seem to be a major hazard.
The centre of whale watching in the St. Lawrence is located in the Estuary and target
mainly blue, fin and minke whales, since humpbacks are rarely sighted in that area.
Humpback whales can be found and watched off the Gaspe peninsula, but the main
aggregation in the Jacques Cartier Passage is far away from the main tourist routes,
making the economical application of whale watching unprofitable.
The bioaccumulation of contaminants is higher in males than females of several
rorqual species in the St. Lawrence (Gauthier et al. 1997, Metcalfe et al. 2004),
indicating maternal transfer of contaminants to the offspring via the mother’s milk.
Although the levels of contamination are not thought to be of concern (O'Shea &
Brownell 1994), further research is necessary especially regarding the effect on
reproduction rates and calf survival.
While none of the listed direct and indirect threats might pose a danger to the
population by itself, cumulative effects of some or all of them could have an impact
(COSEWIC 2003). There is currently no reason for a change in status of Eastern
Canadian humpback whales. However, the population needs to be continuously
monitored and the increasing impact of human activities on the stock has to be
watched closely in future assessments.
The Jacques Cartier Passage and the Western Anticosti shelf represent the main
summer habitat of humpback whales in the Gulf of St. Lawrence, as well as of minke
and fin whales and occasionally blue and right whales. In addition, several species of
toothed whales are found regularly in large numbers such as harbour porpoises
(Phocoena phocoena) and Atlantic white-sided (Lagenorhynchus acutus) and whitebeaked dolphins (L. albirostris) together with more occasional visitors like pilot,
killer and sperm whales (MICS unpublished data). The Jacques Cartier Passage is
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probably the region with the highest biodiversity of cetaceans in the GSL. It
represents also an important nursing area, as many species, such as the humpback
whale, rear their offspring there. The Jacques Cartier Passage and the zone west of
Anticosti are two (out of ten) of the ecologically and biologically significant areas
(EBSA) identified in the GSL by a recent assessment by the Department of Fisheries
and Ocean, Canada (DFO 2007b), based on their importance of the GSL ecosystem.
This assessment correlates with the high abundance and biodiversity of cetaceans, but
did not recommend any protective management measures. Therefore, these areas
require a special status for future development, such as oil exploitation, fisheries but
also ship traffic and should be protected to sustain their biological importance for the
whales and the entire GSL ecosystem.
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