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Abstract

The sei whale (Balaenoptera borealis) is a medium sized rorqual with basic features similar to 
the larger fin and blue (Balaenoptera sp.). While the sei whale has an expandable buccal pouch, it’s 
capacity is substantially reduced by the length of the ventral grooves relative to fin and blue whales. 
The finer filtration capacity of the baleen allows predation on smaller prey spectra as a skim-feeder, 
with the option to engulf where prey are larger, or in greater densities. The sei whale exhibits some 
features of the mouth cross-section which are reminiscent of right whales (Eubalaena sp.) and there 
appears to be a difference in the degree of arch of the rostrum when comparing the sexes. The dy-
namics of skim-feeding and prey reaction are discussed.
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Introduction
The sei whale (Balaenoptera borealis) is better 

known for it’s non-conformity with other rorquals, often 
unpredictable in terms of migratory patterns and duration 
on the feeding grounds (Nemoto and Kawamura, 1977; 
Vikingsson, 1990; COSEWIC 2003; Olsen et al., 2009). 
When available, sei whale quotas were often taken over a 
brief period in Nova Scotia and Iceland. Sei whales were 
hunted for human consumption, and due to their smaller 
size, are processed quickly. Opportunities to examine a 
series of sei whales are rare, especially with ideal field 
conditions. We discuss their morphological differences 
which allow them to flourish in feeding areas considered 
suboptimal for other rorquals.

Observations
Sei morphology relative to other rorquals

The general morphology of the sei whale rostrum 
and baleen is shown in a series of photographs (Fig. 
1A–E) and in line drawings of the rostrum and baleen 
from fin, sei and bowhead whales (Fig. 2). Initially, 
sei appear to be a smaller scale fin whale. While they 
are generally described as slim, it is worth comparing 
their profile to fin whales, for example the sei is more 

robust with a thicker tail stock. The rostrum is notice-
ably arched, and appears to be more accentuated in the 
males when compared to females, an observation made 
when several sei heads were aligned on the cutting plan. 
The mandibles are curved as well, dipping slightly near 
the tip, matching the increased downward curvature of 
the rostrum. The obvious distinction is the shortness of 
the ventral grooves, restricting the capacity of the buccal 
cavity when expanded. The curved mandible is further 
enhanced by the raised lip which is higher relative to 
fin whales. The postmortem position of the lip of the sei 
whale slopes outward, away from the baleen rack. The 
entire lip extending along the mandible contains a series 
of specialized muscle bundles attached to the proximal 
surface of the mandible which increase in volume while 
arching outward across the upper surface of the mandi-
ble at a 45° angle through the lip, diffusing into tendon 
at approximately half the height of the lip. Orientation 
of these muscles would function to retract the lips in-
ward and against the baleen rack, similar to the fin whale  
(Brodie, 2001). This muscle arrangement would sug-
gest that the initial outward angle of the lip would rep-
resent the relaxed or normal position, and drawn inward 
against the baleen rack in a voluntary action according 
to the filtering strategy of skimming or engulfing. The 
baleen is not as broad, nor as stiff as that of blue and fin, 
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Fig. 1.  Sei whale rostrum and baleen: (A) ventral view of 
rostrum showing finer baleen plates, including shorter 
plates at the anterior. (B) side view of baleen, dem-
onstrating the finer structure of the baleen plates.  
(C) baleen plates cut across at the gumline (30cm 
scale) showing the limited curvature of the plates and 
finer baleen mesh. (D) profile of right mandible, show-
ing the curvature as well as the pronounced depression 
near the tip. (E) frontal view of cross-section through 
the rostrum and baleen rack, showing the greater verti-
cal angle of the baleen relative to the rostrum, as well 
as the relatively smaller vomer and greater volume at 
the roof of the mouth, relative to a fin whale.
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Fig. 2.  Head profile and cross-section of rostrum and baleen. Fin, Sei and Bowhead illustrate the 
range of curvature of the rostrum, the sei being intermediate with a slightly arched rostrum and 
mandible, raised lip relative to the fin whale, with a greater curvature near the tip of the man-
dible. This modification would create an opening immediately under the shorter baleen plates 
and fibre bundles at the tip of the rostrum at partial gape. The rostrum cross-sections indicate 
the greater outward angle of the fin (and blue) baleen, as well as the greater prominence of 
the vomer relative to the sei. The sei has relatively longer baleen plates which hang at a more 
vertical angle from the rostrum, and which may allow the lips of the mandible to slide to a 
partial gape with less resistance against the baleen rack, similar to the Balaenids.

having a flexibility intermediate with right and bowhead. 
The structure of laminates and tubules is similar to fin 
and blue, however it is the change in proportions: lon-
ger, slightly thinner, less broad, smaller tubules, which 
contribute to the flexibility. Part of the flexibility is also 
due to the less complex cross-sectional curvature of sei 
baleen when compared to fin, blue and minke whales. 
A simple field observation which differentiates the sei 
whale from other rorquals, is that (observing at right 
angles to the rostrum) one is able to see daylight directly 
between the narrow baleen plates (as with bowhead and 
right), whereas the plates of other rorquals are broader 
with a greater curvature in cross-section. In rorquals, 
the baleen rack is comprised of an array of large baleen 

plates continuous in reduced size around the tip of the 
rostrum. By comparison, the smaller frontal baleen of 
the sei is not as long relative to that of a fin whale. These 
smaller frontal baleen plates and fibre bundles act as a 
barrier to forward escape by prey. The potential energy 
(elastic recovery) of the expanded buccal pouch creates 
positive pressure, forcing engulfed seawater through the 
baleen filter at a flow rate substantially lower than the 
engulfment phase, thus retaining the prey. This differen-
tiates the rorquals from the Balaenidae (right and bow-
head), in that rorquals filter out prey using a pressurized 
buccal pouch, once the water containing prey have been 
engulfed (Orton and Brodie, 1987; Goldbogen et al., 
2006). Balaenids rely on venturi and Bernoulli effects 
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(Lambertsen, 1983; Lambertsen et al., MS 1989; Werth, 
2004) through a steady forward propulsion, generating 
continuous negative pressure within the mouth cavity, 
thus no requirement for a baleen barrier to prey at the 
tip of the rostrum. Prey are drawn to the inner surface 
fibre of the baleen filter of Balaenidae rather than forced 
against it by the elastic recovery of the buccal pouch, as 
with other rorquals. While it would seem that the large 
incoming volume entering the buccal pouch of rorquals 
increases the internal pressure, there is a simultaneous 
increasing external negative pressure posterior and ex-
ternal to the expanding pouch, acting to draw out the 
elastic pouch (Orton and Brodie, 1987). Through this 
action, formation of a detectable bow-wave is avoided. 
Once the buccal pouch is expanded to maximum capac-
ity, the rostrum and mandibles are drawn together, with 
the forward escape restricted by the frontal baleen plates. 
Sei whales, in the skimming stance, must optimize the 
smaller mouth cross-section with the surface area of the 
exposed baleen at partial gape, which in turn, generates 
a Bernoulli effect, facilitated by external flow toward the 
negative pressure generated posterior to the expanded 
buccal pouch. 

Feeding on greater diversity over longer periods than 
other rorquals

Any evolved feeding strategy is clearly economical. 
A shift, for example, to a skimming strategy, may have 
a lower or greater cost. However, the capacity to shift 
to a different feeding strategy allows a sei whale to feed 
in an area of lower densities of prey, possibly in regions 
which are warmer and less expensive in terms of daily 
maintenance (Brodie, 1975). This in turn, is reflected in 
the smaller body-size of sei whales, and reduced energy 
storage requirements.

Morphological adaptations to skim feeding,  
compared to right and bowhead

Detection of prey concentrations at close range, as 
well as the size of individual prey, may be reliant upon 
vibrissae on the rostrum as well as the mandible. This 
feedback might trigger either engulfing or a skimming 
stance. The degree of acuteness of the rostrum varies 
with the size of the rorqual: a broad rostrum in blue, 
to a sharp rostrum in minke (Arnold et al., 2005). This 
would shift the mass of the incoming seawater further 
back in the buccal cavity, and would reduce the force 
upon the most anterior part of the mandible and ven-
tral grooves. In the sei whale, this design would allow 
greater control over the angle of gape while swimming 
forward in the skimming stance. A modification of the 
fibre size and orientation within the fibrous mass of the 

cranio-mandibular joint would be sufficient to maintain 
the jaw angle in the skimming stance, unless a threshold 
were reached, over-riding resistance in the joint, where 
the mandibles open to a full engulfing gape. This fibrous 
connective mass acts as an accumulator storing elastic 
energy to orient, and to assist in returning the mandi-
bles to their normal position against the rostrum. The 
relative shearing forces within the fibrous complex at the 
base of the mandible may vary between species, the sei 
whale exhibiting greater shear when the jaws are par-
tially open, thus having greater control over jaw gape. 
This was noted during postmortem tests of jaw loading 
in Iceland. The temporal muscle, sheathed in high tensile 
collagen, and attached to the angled coronoid process, 
acts as a fulcrum at full extension during engulfment 
(Brodie, 2001), generating a jaw rotation in concert with 
the craniomandibular joint. During the skimming stance, 
the temporal muscle and sheath would not be extended 
to the point where tension on the sheath bears the load-
ing on the mandible. The temporal muscle exhibits no 
elastic modulus, shearing easily under laboratory tests, 
however it may provide sufficient tension in contraction 
to maintain assist in maintaining the partial jaw gape at 
slower speeds. As well, the lips of the mandible could 
exert additional force against the baleen rack, to further 
control the angle of gape. The ability of the sei whale to 
use either engulfing or skimming actions is evidence that 
both strategies provide net benefits, total energy input is 
exceeded by the energy gained, fundamental to the natu-
ral process of selective pressure.

Simulated robust body profile by sei buccal  
expansion

When the sei whale allows expansion of the buccal 
pouch, yet continues to swim in the skimming stance, 
the frontal half of the animal mimics the robust thorax 
of right and bowhead. In the sei, this would seem to re-
sult in a fine balance between the positive pressure of 
the seawater entering the buccal cavity, and the negative 
pressure immediately posterior to the expanded ventral 
grooves. With a square relationship between drag and ve-
locity, the animal is able to maintain a balance between 
avoiding generation of a bow-wave, the venturi effect of 
water flowing between the baleen plates, combined with 
the Bernoulli effect from water flow along the outside if 
the baleen rack. Here, the vibrissae on the rostrum and 
mandibles may play a role in feedback, maintaining this 
critical balance. While all baleen in mysticetes appears 
to be similarly configured, the baleen of some rorquals 
seems less reliant on the Bernoulli principle than others, 
such as the sei. Essentially, a fin or blue whale uses the 
inertial energy to expand the buccal pouch, then uses the 
elastic recovery to force the seawater through the baleen 
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rack at a flow rate which is lower than that during engulf-
ment. The pressure drop relative to the flow rate, which 
is a fraction of the engulfing rate, causes the prey to be 
retained. During the skimming action of a sei whale, wa-
ter is drawn through the baleen rack (rather than forced) 
by the negative pressure and velocity differences of the 
flow past the outside of the rack as a result of the nega-
tive pressure generated anterior to the expanded buccal 
pouch. 

Forces related to jaw opening

Postmortem tests of the forces required to open 
the jaws of fin and sei resulted in estimates of 1 900 kg 
(circa 19 000 newtons) for a 19 m fin whale and 1 000 
kg (circa 10 000 newtons) for a 15 m sei whale. It is in-
teresting that, while there was additional force required 
to pull the mandibles over the outward projecting baleen 
rack of the fin (Fig. 2) , this was not so apparent with the 
sei, however there was a noticeable resistance as the sei 
jaw was pulled to a partial gape of circa 35° angle. It 
was suggested that fin whales may advance their lower 
jaw prior to engulfing, an action that would free the man-
dibles from the outward angle of the baleen rack. Once 
the buccal pouch is expanded, the base of the mandibles 
is forced apart, the rostrum is returned to position for the 
evacuation process (Brodie, 2001). The reduced scale of 
the feeding mechanism of sei whales, relative to massive 
engulfment by fin and blue, suggests that the sei may 
require a greater swimming velocity to activate the en-
gulfing mechanism. The same argument can be extended 
to the minke whale, often observed to burst at the surface 
during a rush to engulf shoals of fish, an action related to 
the square of velocity (Arnold et al., 2005). 

Fluke control surfaces

A notable feature of bowhead and right whales is 
the very large tail flukes, the largest of all cetaceans. 
Both appear to move their flukes at a slower rate than the 
rorquals, maintaining a low speed when skim-feeding. 
By contrast, the sei whale has flukes that are similar to 
blue, fin, minke and Bryde's (Bose and Lien, 1989). The 
larger flukes provide control and stability, propelling the 
robust-bodied skim-feeders as they feed. The sei whale, 
with the smaller flukes, appears to stroke with greater 
frequency to propel the expanded buccal pouch, during 
skim-feeding. Stability control may be achieved by the 
longer extension of the tail stock, thus extending the con-
trol surface for greater effectiveness. The pectoral flip-
pers are not large, in terms of a planing surface when 
compared to right and bowhead, however this may be 
compensated for by the extended tail control surface. 
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